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PREFACE 

For nearly II qunrlcr of u <:4·nturJ, 1he U.S. Spt~ce program enjoyed Whttl 
can oppropriotdy he ten ntd a .. golden &jle, .. From the I.ninth of 

Earth-orbiting i;atellit~, ro the viisi1s bt rol>0tic s1>0cecrof1 11> Ven1,1..,; mll-f 
Mars, to 1h~ ~1onningm·hi1•\ •trnc·~1,1 ,--.flandit)glhf> first homon bein~ on 
1:hc .\1oon, tht: many ~uoc,'-'!li;f;$ ,,f th.-. spa<-e progt"Om were exciting and 
awe-inspiring. Thti Uni1ecl Sutte.q WM d "..arly and onqueslionahly the 
leader i.n 5J><u.:c:- ex-Jllortilifm, 111ul 1he nation reaped all the benefils of 
prid<", inl~mlltiunt1l (Jrt:Mi~e, sc:ientific advanccmen1. and toohnologic1d 
progre&& lhtd ~uch le1:ulrr.-hip provides. 

HoWC\'tr, i11 the aflenmtth vf th~ Cl1allenge.r accident, reviews of our 
space pn,gr.111, ,mu:1 1;': irs i,ho,tcommgs stark.Ly appare:ut. 'J'bc:- United 
St.-tes' role .:is the le,ufor 1,f .. pam-:faring nations came intoscriou!.quelr 
tioo. 'fhe ,;.lpa.hili1iel'!, Lh~ 1lirec:liou. and the future ofthc &pace:- progr.un 
l:,ee()m~ i,ubj~L5 of 1.uhlit· dil>Cu1>sion and profcu.ional debate. 

The U.S. civilian space program i!I now U.ltl C'n~~nJttds, a.,.;ipiriri.g lOW'Ord 

she visions of 1hc t\ational Commieision l)n Spm:e bul foce<I with 1he 
realities set fonh by the Rogert!.Commi3l!ion , NASA ,rrnsl respond ag· 
gressfrdy 10 the d111llengtl!. o( l'IQlh whill· re,ooguii ing the necessi i-y of 
maintaining a balam;:C(i space progrKm wi1hin rta~naJ,lc li~cal limits. 

Two fundamental. JX>leoli;;,Uy intt>11isi$lt11t views have emerged. Many 
people bdie\'e th;,11 NASA ~h..,ulcl ::ufopl a majo1, \' i.sionary goat They 
argue tlUlt tlU6 "''oulJ gol,·;:1,11i1.e ~upJ,Or'I, frx:us NASA programs, and gen• 
erateeM.1iteme11t. Many ~•ll1e1'l\ believe tfou NASA is alrcadyovcroom• 
minctl iu the 1990$; tl1ey ;1r~ue 1l1at Liu'! !>pace agency "''ill be struggling 
to Ol>tll'UI~ theSp,11.:e Shulll t.! and build the Space Station. and oould not 
bu.odle ,111other 01:1jor progr-.i.m, 
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Buth \iew& reOtcl t:•.N)<;t':rn over llle current 
.stalU~ of the sp:JC(: prug:ram. bul each deili with 
only one ilSl:iecl of the problcm. The spaoe pn>-­
gnun needs u long-r:ingedin.-ction; it also net'd:, 
the fond;1mtmtnl cupabililici. that l\'ou.lJ 1m-11,le 
ll t (I mm'e in thaLdirc..-ction. A singl~ gval ii- nvt 
11 p1.1niu:ttU- tJ1e problem.& facing the1:1vac.:e J)ftr 
gram mui.t bt: met l1ead.on. n<ito\er~implified. 
Bu1 if there arc nogools-, or if tht go.1ls an, 1.00 

diffuse, then there is n-0 focus lO the pn1gr:u11 ilnd 
no frttmcwork for dedsious. 

'J'he goals oflhe civilian i J\tl.Ce program must be 
carefully <-hOl'>en h,1 I~ eonlli!\lcnt with the na ­
tional inlert>,;l ~11<1 alto 10 be consistent wi1h 
NASA'g c.-p.ihililii'".si. NASA alone cannot &et 
theis,c ~o.al:,, l,u1 NASA must lead the disc:u&­
&iou. pre&ent ti;:chnicall)' feasib le option.!, ,md 
irnplt'mtml pl'Qgnuni. to pursue those goals 
""''hid1 .ire S1::lected 

Wt-- rmJst a~k oorselw,a: "Where do "''e \,·ant lo 
be a11he furn of 1lu, cenlury?" and •1What do"'e 
haw~ 1a do now to gf'I thcrn?'' Wilboul an eye lo .. 
ward 1he futu re, we: Oourulur in lhc 1>resen1. lt 
i~ not too early 10 cryslullir,c Ullr visiou of the 
Jopaec propam in the )'car 2000. A eleor vision 
provides.a framework forcurren1 o..nd fut\lrepro­
grams: it enable& u11, tu know which techoologiPt­
to pursue. which limm:h vf•hide,;i to develop, 
and which featul"Cl!! lo im_'i1f1J<1l"tlle inr-oourSpoce 
Station a& it ev(ll"e"· 
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Leaderihip in l!if)t•Ce du~ nol require that the 
U.S. he prt:c:!mi11tc11I in allareai. ofspace cntcr­
prLl!e. TI1e wide ning range of space acth·ities 
and the iucr~Mi.ng nt1mher of i.paedaring 
m,t ivn~ rn:1ke it lfirtuaUy impossible for any 
~)Ul\lJ')' h.tdomin.atc in this way. his. therefore. 
e,i;i.tnlial for America to move promptly to deter­
mine its priori1jcs and lo pursue a strategy wb.i<.·h 
\\ould n::i.loreand sustain its leader1hip in thc­
.:lrt:!li.'- df!emed important. 

The Kogers Commis,;ion, in its oondud iu~ 
thoughts • .suite:& thut NASA ··vonstitutl:$ o f\il• 

tional resource 1hut pluy~ 11 c ri1jc_:QJ role ins.pace 
exploration and de,•clopmenl. 11 1d.~ pro"idea 4 
symbol of nation1d pride 011d IC<'hr"1<>lo-gical 
leadcr~hip. 11,e Co,nmiJ;jrsi.-11) ill\f)laud~ NASA's 
.spectacultir ad1it \•erf,t rlhl <l 1he par-t and anti• 
cjpate~ impCt$~h•e achif'vem..,.nt.,.. 10 oomc." 
Only wit11 t1dtaT~1nuegy in place, and its goals 
for tl,e fuhm! defined and developed, will the 
1.-"Vt1nl.ry be ahle 10 regain and retain leadership 
in l!>l)tlce. 



INTRODUCTION 

I 11 ret!pc.m,W, ll• gr,,wingc:.)fl(;~rl'I (lv(!r 1lu> J)(l.'oi11r1~ a n<I ltmg•tenn .-lirec-~ 
li<m ,,( the U.S. (;il·ili:m i.pa~e program, NASA Admini,;,trator- Ot. 

Jam"'.JI Fle1d,er fcu·med a ta!lk: groul) to define potential U.S. space in­
itiati\es, 8Jld to evaluate them in light of thecuttent space program and 
the nation's desire to regain and reta in space leadership. The objccth·es 
<,( tho :nudy were to energize a discussion of the long-range goals of the 
dvilian space program and to begin to i11vcstigatco,•cralls tratcgic-s to 
dire<'l t.hat program to a position of leadership. 

'llw· lm:ik group i.denlifiecl fourcandid11te initia1i,•es for ,;tuJy tt.nc.l uvulu­
a1ion. F..n"h huihfaon NA~A 's achi(~vemomg in in:ion(:cund exploration, 
and each is II bold, uggn::611h•e [>ro1>0t,;a.J which wuultl, if u,loptt..-d, r ltMure 

the United Stiues. to a pooiliun of lcaden:.hi1, in 1:1 particular ephero of 
space acth·ilJ. The four ini1in1.ives ure: (I) Mi~sion lO Plt1n1Jl E:arth, 
(2) f.xploralion of lhc Solar S~tem. (:i) Ou1pi>$i Oil d1e Moon, futd 
(4) Kumam 10 Muns. All four iniLi<1tiv~ wen- devtl()JJoed io detail, and 
1he implic:ntion!!I .:ind rC((Ui"•mt•n~ -0( t.".8Ch "''i'te il.$:<Cssod. 

'llti:is proot'i5lf Wi.l~ not intcndtJ lvta1lmin.t1e in 1l1e ~elt;!cliun v f une io• 
itiatfre .u1d the- elimin,1tio11 ~r the other tlu,:,e, liut r.iliier h.1 p tnviJ~ four 
oonc:rete e;,t;1mplM "'·hich "'·vuhl 1;t1t,1Jy~ ;uul fo1.:uii; the d iscu,ljSif,n <lthe 
g.1d1> ;mJ uhjec:ti,•el! <l tl1e ci\>i1i;m r-1)a¢if! progniff1 .ind the e ll~l rti requi1·ed 
Iv 1~1(Mue them. 

When this activity 1-.P.gan, JIMeml l'itudie~ relevant 10 NASA's long-rung:e 
gmtl~and i1s ability 10 aehiPV~ th<)S6goali; were already in r>rogrt~'!s. Some 
of thes.e .!'-lurlies Wf're heing c:onduc1t.>d by agt:ndcs c:<llCroal to NASA; 
others were inl1>mal NASA Sludic,s, 'fhis tusk s:roup bcctunu furniliur with 
those.effor1s, und 1!.ponwred olhcl'l'I in arcus not ulrcudy cxivcn::d. Alldi• 
tionul information on ull 1ht.-sc 3tudie& ii!- pro\' ided 8.1 t1,c Cntl of thi& report. 
'M,e inte~~1cd read,::r is refcm..-d to 1he publii!.l,,·-d n::por1.& for detailed 
rcc:ommend.itions, 
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The major milel'ltones of all relevant studies 
were plotted on a timeline, shown in figure 1. 
This proved to bea useful s umm1try foridcnlif)·­
ing the act:1\•itics a.nd 1hcir projected oomplciion 
dates. A a imilMovcn·iew 1jmelinc should con­
tinue to be produced ttnJ revised, sin(::e i1 r&iscs 
awarenes$ t\ f exi>Jting s1udies and coordinMCJQ 
related effort~. 
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LEADERSHIP IN SPACE 

For two decades. the Uuited S1l.llei "''a~ the undis.putcd leader in 
nearly e.11 Ci\·iliaJl sp;:1ce eod.,."tvon,. Howc\•cr. over the last dccmle 

1h<~ United States ho.a relfoqui:,1u,i:l, or is relinquishing. it5 leadcn:hip in 
certain eritico1 areas;-0ne iJuch area i!> the exploration of Man1,. With tl,e 
Muri11er Md Viking mistions in the 1960s and 197~. thie oovntry 
pioneered e:rploralioo of Ma~-Lul no American spacecraft h._ti ,·i,;ile<I 
1ha1 plflllet since ·1976. Our currenl plans for fotu1-e cx.plorn1i1.m or Mal'$ 
include c.nly1heMar., Qb,U?rvf!r mia~icm. 10 be launched in 1992 . l n con• 
l rti.81, 1h,~ Soviet Ji. ha\•eannounc;ed fl 1n-ogrnm of extensiv~ tob•)tic e-xplo­
r,ui1)1l .-.f 1he Mat1ian surface, beginning in l988ond extending through 
1lu~ 1990:1. 

Thi:: Sovlet.'oarc now the sole long•lerrn inhabitants oflow.f:a.nh orbit 
11,e firs I, and on..t,·, U.S. t1pace ~•a1ion.Skyl11b, was vi.s ited by thrcccrewis 
of a.sltonauts before it was vac.ileJ iu 1974~ 1he U.S. has had no ~pace 
gtution s ince. The SoYiel'-have had eigh1 i.pace stations in orbit t1im:e 
the mid-1970s. The laletd , Mir, wfL{l launchcd in 1986 and could l!CCOrn .. 
mods.le coi.mouaut5 .ind ~cit11tiric:; experimen1s for nearly II deic11de be(ore 
th<~ U.S. Space Stalion c.in ,11(:(;(munodalc astronauts in 1995. 

The United Si.ates ba:f! el early lo i;.t leader!lhip iu the&e l'-·v •re~, 
nnd is in d a.nger ofbt'.ing surpa.i,~I in many olht:n! duriJ:ig the ue;xt 
11C1'crnl )'ell.N.. 

'l'be Nation.,a) Space Polic)' of 1982. which "c:8tttbl ishes the bo.sic goah1 
of U11i1ed S1.atf'.Jl policy,., includee the direc1i,,e to "'maintain United 
St,1le1S i$.J,.._Ce leadership." It further 6pecifie& thtu "1h~ United Stale."' i!'­
£ully <,'()rmniuOO to maintaining world leader:ibil) in space transpont1-
lio11," iu-.·l lhat the c ivilian space progrmn "ililuJll he conducted ... to pre­
serve 1he United States leadert1hip in 1,;ril it'.AI aspects of space science. 
u1, plicatiom,, and technology.•· 
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U-adership cann04 sim ply be proclaimed - it 
mmit he earned. As NASA cva.Juatcs .its goals 
und objt.-cli\'CS within the framework of the 
Nutfonnl Sp...-•e Poliq, thcngcncy mu~t firsl un­
, 1,·•~JamJ whut i.!I f'el.Juired to ''maintain U.S. 
sr,acc le1t<lt>.n4hir, ••• .'lir'u~e ,~ ... ii Ull(ler!!hmding 
.,..'111 direct the~if}e1fo,·1 (If m'llij)nal ohjt!C.:tivcs, 

Leader..hip ,loos 1w1 n:,11.1ite t11al the U.S. be: 
preemineot in :.,11 w~~ ,md rJi:;ciplio~o! space 
ente11ui1:1,e. In fat.I, 1.he hr(l;,il i,:pt.!etn.1m <i( sptlce 
actjvi11e:, and 1h~ int re:.,.>,ine r,urnbe.r {If 
i,pat:ef&ring riatfotll3 mttkie it virtonlly impossible 
for :my n.11 iQn 1(1 clomin(lle in thi~ w;)y. Bcing .:ul 
e ff~ :tive J.,..ader do~a mnndnre, howe\·e:r, thtll 
this uountry havf> f:upuhiliti~ whit;h t:rn:1hle it IO 

act iud~r•~ndently anrl impreF.!;ively when 1.md 
where it ch(K);!lil!'St aml 1ha1 itA go1t)ij be ci1pMle 
of i.tlhJJiring i)tht'r!l - u1 home nnd abn.wu:I - ro 
SUl)J)()rt them. It is t:81!6nlial for this oountry to 
mo,·e J)rotnf)lly to dc1crminu iti:; prforitif"& und to 
moke OOr\ik;iOus choices 10 pu1"5ue n !:<'f of objec­
tive& 'l''hic~h wiU n'11tore its lcadcl'Wip t'-tatus. 

lR.it,lenshir, ~t1lt& from both the<".apahilities a 
oountry lmt!' <1cqulrecl and the acti,,edcmons.tra­
ti\111 1,( tho&e ct•pabilitje&; according.ly. the 
Uni teJ $1 ;de11, m\lisl 11," 'e, and .abo be pc:rcel vcd 
a ,. h.:wiog, the .al,ility hJ med ii~ goals and 
a,;hie\·e it)) 1A,j~ti,1~. 

A U.S. space lcadcn1hip program mUSI ha,'c h-.·o 
distinct attributes. first. it must contain a sound 
program of scientific research and technology 
de,,ctopmc-nt - a program that builds the na­
tion· s undc:-ntandi.ng Of space and the space c:n­
vironmcut. and thal build.& ils capabilities to 
explore and ope.rate in that em·irowncnt. ·11it: 
Unj1c:J Statns will not be a leader in the 21st 
Century if it i~ Jei,endeut on od1~coontrie&for 
:;«;t:e:$8 1vr,1,.«::e or fot tl1e tech.nvJogj.eg requin,J 
14> e.-:pl(i<e Lhe ~pt'(;~ (rorllie.r. Secc,n<l. lhe pn:>­
g:1'.lm must inool'JJ(lr.lte visible tuid sigoilicu,u 
ll(:t:C»npli;i,hmen11'-; the United Stt11es "''ill 001 be 
pE:me1ve<I a.5 :.i leOOt:r unlei,s it UCCQrn1)lishes 
fo,'lbl whii!h demc~n~1r.ue pro.,•t'ess. inl'>pire 
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nalionaJ pride, and engender international re­
spect and a \\'Orldwidc desire to associate with 
U.S. ,;pa« activities. 

Na1i11nu.l pri,Je ..-,W internatjonal pr,.,~LiJ;.t: ore iwo 
na111rnl l;,enefils o( leaderahiJJ in S.f"8.CC, Nt1.Lio11i1I 
pridegn,wa Wl (;itiiens reoogniie theirooo,U.r) •s 
11hili1ier; and achif:vements: in1e11l.-iUonal flre.'! -
1ig,: ri~f'.s ~ '►lher na.sions recognfae thos.,. 
"bilitien 1md aehie.,·ements. 

Perhaps mos1 si~ificant, leaden.hi(• i:,i a l~, a 
process. ' l'hat prottsr. invol\'C':s sdecting s..nJ 
enunciating priorities for the civilian spa<:e pro­
gram and then building.and maintaining1he re­
$OUroe5 required to accomplish the objedi\'e!< 
defined with.in those priorities. NASA can con­
lribute lo th is p.roco.s by: (1) cstablishjng a vi-
6iou aod goals consistent with national spscc 
inl t!fe!St$i (2) d1:weloping and recouuue.udins ob-­
je<:li\l~ .a.n<l program! dial &upport tbosegoalo: 
(3) ;,ut iwlat.i11g1 promoting, and defond.inS, them 
in 1hi:i pvlitic,J uuJ £i1Sealaren.u;; and (4) effec-
1i,,el)' Qec1.1ling .approved pro~m!l. 

•r(l this en<l, NASA cmbanc,1 lu'AI (nil on u re• 
viewofi1sgottlst111tl ohj~1h•f~. A'ANASA Ad­
mini~tmtor Dl', Jame~ F'le1du·::r~1111ed, ·•J, il!t ovr 
intent that thi!> process proclue.e a hl11i-!(1rin1 ti;. 

guide the United States 10 a J'W'Mlilfor'I n{IP.a<lr:r­
ship amonp; the spacefarini nation~ of E:1,1h. ·• 

Tbc fit-sl step in this nactr,.liillnl) le.ugthy IJn.JCt:!16$ 
was taken by NASA Senior Man;lSe.mtnl'.tc 
Strategic Planning Council when ii a<lQf>l~ the 
statement in the box on ttu: next pot.gt,. 

'11,iA&latcmt~nl rdl1}cl.s the belief that NASA cm­
bodi,....!I 1hc humuo is-pirif" desire todi.soover. to 
e.q)lc:,n! , t11HI 11,undt."'tuod. It ~hould be noted 
thal the S1)a00-Shu11leantlSpuceS1a1ion are not 
viewed fl~ (llld~ i1·1 1l11!m.~~lvt'Jl, hut olS' the meat1.!l 
IQward aehi4;!ving the bn,uder goal~ of the na­
tion 'i:. l'IJW\Ce prog,,<1m. T r3n~port.ition and orbitaJ 
facilitic~ :mpport ,uid entthle our dTort~ in is,ci­
cnce, exploration, and t:r11e.11.1ri~. 



Tile oex1 !Hep in this pl'OCC!.!I ishould be lOarticu• 
la1e spcdfic objccl-i\·~ a nd lv identify the pro­
grams required to uch ieve these. objectives. Of 
course, in &Onie a.re.& ol 3tmly 1hc 1>N'>J;rBlllB 
have already been idt ntified and are 'ito'ell 
under way, For e"ample, The Hubble Space 
Te1e&eope, a gene ral•purposc astronomical 
ob&ervt1tory i,1 S. J)."1.Ce, is an cleme nt of NASA'! 
progr.im IO inl:reA/i.C oor u nde rstanding o( 1he 
tmin : ~ in which we live : the redesign and f'C• 

q1.1.11ificMi()n of the Spaoc Shun le's !k>lid rocke1 
hooistt:r jvin1 i!!> psrtof NASA's prog:ram 10 reh ml 
Llie Sp3c;e Shuttle to flight !>tams. However, in 
other ;tr"ea.~, such as p iloted exploratiou. ou r 
objet.:LiH:~ have not been d early identiiie.l. 
Does thi.s country inh:-nd loestal,lj l!-h ,1 lunttroul• 
post? To se nd an expedition to Mt1~ ? 'Whal are 
NASA's major objecti\·~ for the: l,,1e 20th and 
earl)' 21st Cet1tu r:ie11-? Tl1e Space: Shuttle a11d 
Spac:c Station will deurly 11-11pp<>rl lhe objcc­
LiH:s, but wlmt will they he ~upporting? 

The&e (1ue81 iont ca.,mot, of c0\1nre, 00 ani,.,.,'cn,-d 
by NASA alone. Out NASA ahoul<I lead the d is.• 
cusi!oi,, n, 1)mf>0SC tochniC',.a11J' f&L..:;ibJtS opL.ions. 
nnd make 1hough1fu l recomme ndntioni.. l lle 
d1<>ice (,f objectives will shnpe, umong. other 
1hi11g~, NASA's 1echnology program, Lhe cwolu• 
t i cul of 1heSpaccStnrion, nnd 1heehurucH:rof 
F .... rtl1-to-orbit transpon a1ion , 

MEETING THE CHALLENGE 
IN AERONAUTICS 

AND SPACE 

NASA•~ viilitm i~ tv be ;,ti tl1e forefront of 
udvAncementa io aerorltluLic;i., space science. 
und explvration. To -tiel vur <:our.se into the 
2 l i.t Century a n, I bri11gthi" vii:,ion to reality. 
NASA wi.U J)\11'l5ue major goals which repre• 
i;ein its .aspirntiona in aviahon aod 6JNlCe, 
These goals :u~: 

• Advanee &cienlil'iC' lt llQwledgeof1hf'I 
planet Eo1.rd1, the Siolar system, and 
the univen;r- IM"fOUd. 

• E.<tpanJ ln,un~) t•N".Sc.ncc beyond the 
Earth int., thr. solar 5Ystem. 

• Strengthen .iemnautics l'C$earc-h _,nJ 
de\.elop lec-hraolog)' toward prornoling 
U. S. )&J.den;hip in civil and military 
aviolion. 

Succ~~rul J)IJl'8Uil of these rnajc,r goals m­
quin:~ ,·orninitml"ni I() the> followingsu()l>u11-
ing g(>11l s: 

• Relurn the Space Shuttle to flight 
JOtatui. and de\➔clop advanced 8p '1CC 

lrausportation capabilities, 

• De,elop facilities and pun-ueJJc iente 
and technolo@Y needed. for the 
Nlllion's space program. 

As NASA pursues these ~l&, we will: 

• Promote domestic application of 
aero&-pacc technologiN Co improvt­
thc qu.ali t)' of life on Earth .mJ Iv ex• 
tend human enlcrpri3e k yvnd f ..ar'lh . 

• Conduct cooperalh·e ~ liviti-,. "''ith 
other coulllrie.! wlttin 3uth coopera­
tion js cot'16i11-lenl w-itl1 our rutlfonal 
!)pace goal15. 



14 



STRATEGIC OPTION 
DEVELOPMENT 

T he ~to1tment adopted b)' theStrah.:gic Plauni11g C<>uncil describes 
NASA·~ miS$ion, its vision, and thes<:opt= ufit$ ,u::th·itics. Uut the 

next s.h!J) in the pl'()C)eR!I. eannm bi~w.kcn in Lhe ,1:ken~ of a comprchen­
si\·c t1t rn1.eg>' for the civilian s1wtcC program. With<>ut l!cohcrent formu­
lation <if 1ht> United States' intc11Uo1t& aod ptiurHie!t, there is no conte;<t 
in which to evaluate 1h<: relcvuoee or the importance of any propo~ed 
initiuti\'I~. 

'folay tht, foundation for the definition and aniculation uf such a.stnuegy, 
NASA is c urrenLI)· developing~ 1)roeess tosystcmaticully assess 1he p<k"l­
HLre vf our space program .in(l lu refine and as&c!.!I t·nndidtilC strotegieA 
tu din,ct its future. Th.i~ J)lVt;t:.i., 111rategic option dc.,do1)mf>1H, is still 
in ita ErJ.rly stage:$; ne,·e.rthele:~, the de,·elopmenl of 1he process hos 
yielded 1n1me ioterei.1tins in.,.it,ht.s into e:x:i5ting amJ potential space 
mrutegic.-:s. 

1lieapp1icttliOl'I or s trategif' 01>1ion dtwclopment 10 e;hu.rting the foture of 
the U.S. !!J18CC pl'Ogfam inilinlly u,olved from ttOttlogiesJrawn from rel. 
e ,•ant <1t11:1eet~ of busines.s thoory, Although it is u11001wentional to t11ink 
of t1p.1ceende1.vors in terms uf it business, rnt,ny concepts from the lJv~i• 
neti~ w()rld aTC app1icahlc ond <1ui1e u.seful. 

Leader~hip in business is po11,11,ible at anr time during a product•s life 
cycle. Wl1en a new product it1 in1ro,iuc~ (the innovotor $l.Ul!e) there is 
uo cooipttition. If the produc t ii!! $U(:Ce.'tsful, the firm bc(:o,nes the 1nurke1 
1,e.-iJer by default. The d.nawh,1u~k~ of couJ'se, is 1ha,t inm)vtiiors mu.:;.t a<:• 
etl)l lite high costaud high ri iok associated with hein!firs,1. ' Ille SJ.WU,:6 
program in the early 196()$ was an innovator·~ mt,rle1. Nearly en:ry SU<:· 
,~srul effort produced ;1 "first, .. but the rit'lk!!, M t,,•1~11 B!I the numhE•r()r 
failun:s, v,ere very l1igh. 

1'he lmmd1 of Amttic«'sflrJt a.O:ro11auti.n lp(J(."C, •◄hm R. Shephard Jr., 
on the Mercury Redstnne II from. Cttpe Cam1veral on May 5, 1961. 
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1n a rn.utu~ business market (Liu.: lute mujurity 
$I.age) there exisli .- bt'llaoce. ua; t11il11f fi rms 
1,,-ompe1e for some share of the market. At thi6 
~1:ig.e, i1 ii st;Jl po6Sible to be ll mtl..t.e1 le-.&d.-•r 
h) t:arvingc,111 n p:1rticufm· ni¢he of tho, marl:e1 
or b) deli,•ering th~ highest ')\1ality or i)eg1 
vuluc. 11w laund, ,·ehide mnrket, for exam1>I(', 
is appl"Out41ingu rnorn rlllllun> s111ge, and m.llny 
oountri1::s "''ill be vying for le11dership in 
1hc J 9'..>0s. 

A firru ~llgllg(~d in rn(►l'l'i 1hnn one morke1 mus1 
cfon1lop 1m in1egm1e<I strategy which prcwidf':'!; 
the- ne:cihilil)' to hi:> ho1h nn im10,•atr.irin a new 
n1.111i.e1 und th.-. lemlingoomperitor in a matu re. 
murkct; this principle s hould he applied to a 
~puce pro~m ru; wall. 

Tl,e busilte6~ of tipace has exµa,ulc<l 01>01oiJt'.r­
:.1LJ) &inc:e the 1~. Tiu:: arcai; ~( ~ciuntific 
,esearch. s1>ace 1ed1u-0logy, spa<,-e m 1•lonati1">11, 
.:111d space Services i'.lte stiU open 10 Jt,aJ,~n;hi11 
through innovation , but someure al.M) no" open 
h> l~:idership in more maH1re 1ruo-kets. In foct , 
nationnl !l))ace pl'()groms musi now look 01 rour 
:ilJl(;f>~Of !Sl)IICe lenders.hip: t l ) thepi<mtt.r id fig~. 
innnvarion in some particular area hf f'l">!Carct,, 
1echnfllog)' , or explora1ion; {2) the oompt,.x .t~r• 
ottd F-loge, o con1inuation of a pionccl'ing t>ifott, 
hul wi1h broader, more complex ohjecti\•es; (3) 
1he oprraiioru,J stage. with rcJativcJy ma1u1-e and 
rout inc capabili1ic:s; and (4) the commucially t•i• 
lll,f,- stage, with the potcntinJ for profil•making. 

Tiu~ a<;livitiesof ;:i sp,1~e program (:(1n be chClrt1t -
1ni1,wl by phy.,ieal regions of space: (l) 1l<ic11 
~po.ce, (2) tht> <1uter solnr sya:1em (th(' r,lsn(~1$ 
lM"yoml th,. 1L'>lerofrl beh), (3) rhe it1nt>r:o,01nr "rs-­
lcm (the inner pbne ts, lhe Moon, an,I thf' Suo), 
(4) hi~h.f:11 rth ortii1, and (5) low•Ean h cirhit. 
Su11portfog tcchnnloi;ic", such as launch 
Clll)Obilitic~ und orbital fac ilities, are required 
lO umlerlflkc all progmm~. 

'11,c oom1>ICJC c:011001>1 of l'iprt<:e learl,,...n,,;hir moy 
be broken down 1n10 logie1d ••lements. lo form a 
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two-dimensional m,uris . Thll column,., or the 
matrix are delinea1cd h)' 1he (our l~tufonohip 
slugcsoutlincd prcxiou;ily; the rows Are 1he five 
ph),e;ical rcgion.!a of possible i.pac~ a etivitid, 
with II i;ixih row forsupponing technologiei. and 
lrun:spo.rttttion. Ulch square of the matrix , Je. 
l'ines t• r)l1n:icular area of possible leadership. 

Thi.is matrix analysis pro\ idt."S a ..-·ay lo oow:eJ)• 
tualii.e alternative coun;t.-:s of a<:.l fon and can l:,c-, 
u~eii;l lo d~-6c-ribe and as.sess the space pnth,rritm_.c; 
or spacefru·ing naliou.s. h is possihlB to ha u 
le.:i<ler in a , in.i;fe square lhrough any of n 
oumber of djJie.re1:H f)W#;ram.11, Figure 2 illua-
1.rateil aeven:11 prog;rAu1il which, if uncfonakt1n in 
1he 1990s . ..-·ot11d resuh ill lendu~hip in onu 
t\teo of space ende.ovor. f'1)r l'...ll&mpl•~~ u count')· 
could be o le.oder in 1he highligh1c,d tm;o of o 
t'Omplex second clTort i ll the inn('r S(llany~1em 
hy t-uecei-sfully estnblishing a lunttr <ml JM'.~t or 
hy srn<lingsophisticated mvet$ 11>01her ~·o,-ldi< . 

No, all 1he sc111ttn::~ will l,e .icc:cMihle in the next 
dectidei.. Te<"hn(,lvgy ha.I§. nol progre!!.scd to the 
poina 1ha1 any nA1i11n i-'l .:1blr: 10 conh':mplale. for 
example, commen~ial IJ~[X!Cl$ in the outer 
solar sys1em. Thi:- ng~•n:= rJ~ not repl'C5cnl a 
particulat' stralegy; ra.1her-, ii n:p~i:nt!!. a col­
lection of potl'.ntia,I 1•n·•gnlrrl.$,. 

Being a l~dar in onf'! a.rea nQ lvnger results iJ'I 
overall spac:e lead Ari-hip. In the~or1y 1960s, the 
United Stalc.-s and lht1 Sovi"J'C Uni.-m were the only 
competitors. and unly themdl~ in 1he lower left 
corner- uf the nmtrix were ncc,ei:isible. As 
tedlf\tllog,y adwin<,·od and nali()nS g1tined e~­
perieuce- i.u .i;.1,acc1 lho opfl()rt\lnilif'-$ began co 
tspaod. In 1.hc I~. tl16 U.5. lea med 1oscnd 
.satellite& to gt..-oSynchronous orbit, scientific e x­
p,erimems to low. Ea rth url:ti1, spucec.mft to 
Miu-s. ond e\·en OSlMl\3UlS 10 rhe Moon. Ame.ricn 
Wll8 undeniably the leader in &.pace c:.:plorution, 
hu t them.n.geof s:paceaetivi1ie!\ wu3 (by 1oday"s 
8lantlards) n:la11\'ely limi1e.-t. In 1hr. I 980~. not 
only ht1.~ the number of ~1)ace.faring mu ic.in& in• 
c•rc11sed, but so ha"' lhe 1-ange cif 8<'1 ivifit:I!. time 



an inten::.led nation might unJf"'..t1Ake. 

'11:ie boi.ine,:;1> of space has e.'<p.uulf!d and 
bronchtd, and no""' eucomp.a~ i,,u;h d i,;crse 
~md ma.lure fields 3$ n:mvte seni.ing, microg:rn,·­
i1y miuerial.s. researob, cummer,:ial communica-
1iuni;, und inte1plaui::l:1ry tu:ploration. Jt ap1,eu~ 
virtually impossible foe a siugle nation to domi­
nate in all ,SJ>ace end~uvun.. Since the U.S. c.m 
no longe:r reaiOnnbly ex-ped Lo lead the w.iy in 
ull activities, i1 ia lll)W important to ado1>t a 
8trUtcg.y to strive for leuden;hip in carelully dnr 
seri urea., . 

1f nation~ engage in isimilar i,c1h•i1les (OC(.'UPY 
the :s.imt: sr,acc ou the mutrix) 1hf! c.,r,ndi1iona 
e"1SI for either rivalry or coopt'rttl ion; if a nl'ltion 
e.ngage.,; in distinct activitj~ (,ie<:upir-..s a spa~e 
,.Jone), the conditioM CJ1il!l1 f<>,. uncontcstN'.I 
le;•den.hip. 

Tltig. m~11rix was used to brol\Jly 1:ht1n\Clcrizc 1he 
~pace progr.;a.ms of the United 51.ite;i. and other 

s.pacefaring ,·l8.tio11s during two periods of the 
i.rmcca~e: (11 19a7 thro1.1gh 1977, illustrated by 
f~re 3; ond (2) 1978 1hrough 1990. il!u .. 
l rAWd by f lglt.re. 4 . 

The mujor JH'OgnmlS. U.S. und nun-U.S. , were 
idcn1ifit..-d and 1>laced in 1h-, appropriate 
squ ure&. T hii is by no means aoomprehensive 
compilu1ion, tun 1he selec1P.<I :u:.tivil.iee.are re1>­
rcsentuli\·e or space effon a during thci:;e periods. 
An ,, .. l rni11e<lly i.:ubjccth·e ru;i;cs.-.mcnt 'i''08 made 
of wlie1ber1hc public perceived the U.S. or tH>n• 

U.S. eR'<>rt4. to be the leaden; in u g,i,·en square. 
E..td, :oqoa1-c ',\'as 1hens.hadt--d either blue orreci: 
bl,1e if 1he U.S. was judgccl the leader. red if not. 

A evn1pariaon of the two nmtriees gra.phicaUy 
displar,- the difference helw(*.n these ti\·o 
perio,-b. of time. 1n the early )·ean:i of thespaoc 
:)ge, fo',\·er area!> were t.1cc,e~i.ihle and the U.S. 
wu.<:o tha d ear leader in m•MI; the matrix repre­
~ntingtl1e 1980is iUv~Lrntei- 1.hedeclinc of U.S. 
1ende.Nihip. 

~ IP PJ:GIO AGE PIOt-EER COl1PlEX SK~D Ol'EAATIONAL COl1MERW.UT 'MBI.E 
Of SPACE 

D!!l'SPACt ST AA l'I\OllE LLNAAOimlVATORY 

OUTIR SOLAR SYSTEM l'Fl\JNE CAISM 
fl\1lV-PR06! 

MARS IDru RrMN 
INNEI< SOLAR SYITTtl Hvl'AN E><PIDTION 

10 1,W,S 

A1J1'0"1>1i'D RO"iSl) 

W'<'ROUJ<CIT 
UJNAA~ 

HIGH-EARnt ~!IT lAIIGE ll'ACE IIO!IOIJC SER>IONG SPACt 11\ANSfER SOI.AA i'O',l'!R 
STPJXIIJPcS VEHCtf SATELUTES 

LOW-<Mnt OP,SIT VAIIJ.!Jfil-G fAC!UTY fARTH C6SERVNG ~ -Ol'lllT ASSB1~.Y MA TERL>.LS 
!UlTOPMI OOCESS!\G 

SIJl'90i\TING NATIONN .. AS9.MD.CCEil C0.'1MEROAI. 
TKHNOLOOES ~ , J:ROSPACf Pl>l'E swrrtf l N-0 1'8\JRN lAUNCJ-l \ffiCI.ES 
TRANSPORTAIDN 
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Examining the program& or the t J>illcef ari ng na• 
tion, ,hows 1he basic character of each. The 
U.S. iP"(:e prognt.m has hii1orieally been oom• 
poMXI of pioneering effons - significant firs1i 
and complex second e.ffort.s, which e.mphas.ired 
advanced research, technology, and explora• 
tion. The general trend can be characterized u 
revolutionary• producing spectacular events, 
rather than moderate, evolutionary advances. 
Even the Unjted States Space Shuttle, though 
designed lo he operational, wua revolutionary 
concept - it did not evolve from existing luunc:h 
\'ehide$. 

The Soviet sp.oe program, which ig radically 
di.fferen.t from the Ameticirn progrnro, can be 
chancteri&ed as sySlemstic arid evolutiomuy. 
The primary focus is not on advaoced resetn·ch 
and technology, bu1 on incrementally developed 
operational capabilities, achieved through a 
strong commitm,ent to a rohw;1 infra,tructure. 
The Soviets h.ave ~eadily evolved toward this 
operational state and they are now beginning to 
build on that operational base to move s lowly 
into the commc.rciaJ an:na. 

The Europeans and the Japanese appear to be 
pursuing strategies lb.al combine des.ires to pur• 
sue science in selected area.is un<l to achieve 
oommc.rcial viability in other5. The-launch ay5-­
tem Arlane. the remole-&ensing.satellile SPOT. 
an<l the J•~nti~JEM (whiel1 will be Je'tOteJ to 
rnaterial& science research) •re 11.U e;i_anipl~ of 
e.tement.t in theire. strategies. 
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The&c ob&erv1'tiOrt.8 sugg~t that there is no one 
.. correc.1 .. 8trt11egy; rtnher, there i:ere m<my dis• 
rinct stretegie op1ions. Clet1tly, ~ ,ch n.-tion 
should choo"" and pul'i,ue J) strMegy whicb lt1 
consistent with its 0 ',,1,'n national ohjeciiv~. 

What should ourehoice he? Do we want to ms .. 
ture our operational Earth- orbiting oap.abililies 
to a viable commercial enterprise? Should we 
continue. our leaders.hjp roJe in solar syslem and 
deeirspace exploration? Or i.hould "'-e focus on 
vt:nturing ever further outward from Earth wit.I, 
hutr'lan expeditions tu the planets? 
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LEADERSHIP IN SPACE 

For two decades. the Uuited S1l.llei "''a~ the undis.putcd leader in 
nearly e.11 Ci\·iliaJl sp;:1ce eod.,."tvon,. Howc\•cr. over the last dccmle 

1h<~ United States ho.a relfoqui:,1u,i:l, or is relinquishing. it5 leadcn:hip in 
certain eritico1 areas;-0ne iJuch area i!> the exploration of Man1,. With tl,e 
Muri11er Md Viking mistions in the 1960s and 197~. thie oovntry 
pioneered e:rploralioo of Ma~-Lul no American spacecraft h._ti ,·i,;ile<I 
1ha1 plflllet since ·1976. Our currenl plans for fotu1-e cx.plorn1i1.m or Mal'$ 
include c.nly1heMar., Qb,U?rvf!r mia~icm. 10 be launched in 1992 . l n con• 
l rti.81, 1h,~ Soviet Ji. ha\•eannounc;ed fl 1n-ogrnm of extensiv~ tob•)tic e-xplo­
r,ui1)1l .-.f 1he Mat1ian surface, beginning in l988ond extending through 
1lu~ 1990:1. 

Thi:: Sovlet.'oarc now the sole long•lerrn inhabitants oflow.f:a.nh orbit 
11,e firs I, and on..t,·, U.S. t1pace ~•a1ion.Skyl11b, was vi.s ited by thrcccrewis 
of a.sltonauts before it was vac.ileJ iu 1974~ 1he U.S. has had no ~pace 
gtution s ince. The SoYiel'-have had eigh1 i.pace stations in orbit t1im:e 
the mid-1970s. The laletd , Mir, wfL{l launchcd in 1986 and could l!CCOrn .. 
mods.le coi.mouaut5 .ind ~cit11tiric:; experimen1s for nearly II deic11de be(ore 
th<~ U.S. Space Stalion c.in ,11(:(;(munodalc astronauts in 1995. 

The United Si.ates ba:f! el early lo i;.t leader!lhip iu the&e l'-·v •re~, 
nnd is in d a.nger ofbt'.ing surpa.i,~I in many olht:n! duriJ:ig the ue;xt 
11C1'crnl )'ell.N.. 

'l'be Nation.,a) Space Polic)' of 1982. which "c:8tttbl ishes the bo.sic goah1 
of U11i1ed S1.atf'.Jl policy,., includee the direc1i,,e to "'maintain United 
St,1le1S i$.J,.._Ce leadership." It further 6pecifie& thtu "1h~ United Stale."' i!'­
£ully <,'()rmniuOO to maintaining world leader:ibil) in space transpont1-
lio11," iu-.·l lhat the c ivilian space progrmn "ililuJll he conducted ... to pre­
serve 1he United States leadert1hip in 1,;ril it'.AI aspects of space science. 
u1, plicatiom,, and technology.•· 
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U-adership cann04 sim ply be proclaimed - it 
mmit he earned. As NASA cva.Juatcs .its goals 
und objt.-cli\'CS within the framework of the 
Nutfonnl Sp...-•e Poliq, thcngcncy mu~t firsl un­
, 1,·•~JamJ whut i.!I f'el.Juired to ''maintain U.S. 
sr,acc le1t<lt>.n4hir, ••• .'lir'u~e ,~ ... ii Ull(ler!!hmding 
.,..'111 direct the~if}e1fo,·1 (If m'llij)nal ohjt!C.:tivcs, 

Leader..hip ,loos 1w1 n:,11.1ite t11al the U.S. be: 
preemineot in :.,11 w~~ ,md rJi:;ciplio~o! space 
ente11ui1:1,e. In fat.I, 1.he hr(l;,il i,:pt.!etn.1m <i( sptlce 
actjvi11e:, and 1h~ int re:.,.>,ine r,urnbe.r {If 
i,pat:ef&ring riatfotll3 mttkie it virtonlly impossible 
for :my n.11 iQn 1(1 clomin(lle in thi~ w;)y. Bcing .:ul 
e ff~ :tive J.,..ader do~a mnndnre, howe\·e:r, thtll 
this uountry havf> f:upuhiliti~ whit;h t:rn:1hle it IO 

act iud~r•~ndently anrl impreF.!;ively when 1.md 
where it ch(K);!lil!'St aml 1ha1 itA go1t)ij be ci1pMle 
of i.tlhJJiring i)tht'r!l - u1 home nnd abn.wu:I - ro 
SUl)J)()rt them. It is t:81!6nlial for this oountry to 
mo,·e J)rotnf)lly to dc1crminu iti:; prforitif"& und to 
moke OOr\ik;iOus choices 10 pu1"5ue n !:<'f of objec­
tive& 'l''hic~h wiU n'11tore its lcadcl'Wip t'-tatus. 

lR.it,lenshir, ~t1lt& from both the<".apahilities a 
oountry lmt!' <1cqulrecl and the acti,,edcmons.tra­
ti\111 1,( tho&e ct•pabilitje&; according.ly. the 
Uni teJ $1 ;de11, m\lisl 11," 'e, and .abo be pc:rcel vcd 
a ,. h.:wiog, the .al,ility hJ med ii~ goals and 
a,;hie\·e it)) 1A,j~ti,1~. 

A U.S. space lcadcn1hip program mUSI ha,'c h-.·o 
distinct attributes. first. it must contain a sound 
program of scientific research and technology 
de,,ctopmc-nt - a program that builds the na­
tion· s undc:-ntandi.ng Of space and the space c:n­
vironmcut. and thal build.& ils capabilities to 
explore and ope.rate in that em·irowncnt. ·11it: 
Unj1c:J Statns will not be a leader in the 21st 
Century if it i~ Jei,endeut on od1~coontrie&for 
:;«;t:e:$8 1vr,1,.«::e or fot tl1e tech.nvJogj.eg requin,J 
14> e.-:pl(i<e Lhe ~pt'(;~ (rorllie.r. Secc,n<l. lhe pn:>­
g:1'.lm must inool'JJ(lr.lte visible tuid sigoilicu,u 
ll(:t:C»npli;i,hmen11'-; the United Stt11es "''ill 001 be 
pE:me1ve<I a.5 :.i leOOt:r unlei,s it UCCQrn1)lishes 
fo,'lbl whii!h demc~n~1r.ue pro.,•t'ess. inl'>pire 
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nalionaJ pride, and engender international re­
spect and a \\'Orldwidc desire to associate with 
U.S. ,;pa« activities. 

Na1i11nu.l pri,Je ..-,W internatjonal pr,.,~LiJ;.t: ore iwo 
na111rnl l;,enefils o( leaderahiJJ in S.f"8.CC, Nt1.Lio11i1I 
pridegn,wa Wl (;itiiens reoogniie theirooo,U.r) •s 
11hili1ier; and achif:vements: in1e11l.-iUonal flre.'! -
1ig,: ri~f'.s ~ '►lher na.sions recognfae thos.,. 
"bilitien 1md aehie.,·ements. 

Perhaps mos1 si~ificant, leaden.hi(• i:,i a l~, a 
process. ' l'hat prottsr. invol\'C':s sdecting s..nJ 
enunciating priorities for the civilian spa<:e pro­
gram and then building.and maintaining1he re­
$OUroe5 required to accomplish the objedi\'e!< 
defined with.in those priorities. NASA can con­
lribute lo th is p.roco.s by: (1) cstablishjng a vi-
6iou aod goals consistent with national spscc 
inl t!fe!St$i (2) d1:weloping and recouuue.udins ob-­
je<:li\l~ .a.n<l program! dial &upport tbosegoalo: 
(3) ;,ut iwlat.i11g1 promoting, and defond.inS, them 
in 1hi:i pvlitic,J uuJ £i1Sealaren.u;; and (4) effec-
1i,,el)' Qec1.1ling .approved pro~m!l. 

•r(l this en<l, NASA cmbanc,1 lu'AI (nil on u re• 
viewofi1sgottlst111tl ohj~1h•f~. A'ANASA Ad­
mini~tmtor Dl', Jame~ F'le1du·::r~1111ed, ·•J, il!t ovr 
intent that thi!> process proclue.e a hl11i-!(1rin1 ti;. 

guide the United States 10 a J'W'Mlilfor'I n{IP.a<lr:r­
ship amonp; the spacefarini nation~ of E:1,1h. ·• 

Tbc fit-sl step in this nactr,.liillnl) le.ugthy IJn.JCt:!16$ 
was taken by NASA Senior Man;lSe.mtnl'.tc 
Strategic Planning Council when ii a<lQf>l~ the 
statement in the box on ttu: next pot.gt,. 

'11,iA&latcmt~nl rdl1}cl.s the belief that NASA cm­
bodi,....!I 1hc humuo is-pirif" desire todi.soover. to 
e.q)lc:,n! , t11HI 11,undt."'tuod. It ~hould be noted 
thal the S1)a00-Shu11leantlSpuceS1a1ion are not 
viewed fl~ (llld~ i1·1 1l11!m.~~lvt'Jl, hut olS' the meat1.!l 
IQward aehi4;!ving the bn,uder goal~ of the na­
tion 'i:. l'IJW\Ce prog,,<1m. T r3n~port.ition and orbitaJ 
facilitic~ :mpport ,uid entthle our dTort~ in is,ci­
cnce, exploration, and t:r11e.11.1ri~. 



Tile oex1 !Hep in this pl'OCC!.!I ishould be lOarticu• 
la1e spcdfic objccl-i\·~ a nd lv identify the pro­
grams required to uch ieve these. objectives. Of 
course, in &Onie a.re.& ol 3tmly 1hc 1>N'>J;rBlllB 
have already been idt ntified and are 'ito'ell 
under way, For e"ample, The Hubble Space 
Te1e&eope, a gene ral•purposc astronomical 
ob&ervt1tory i,1 S. J)."1.Ce, is an cleme nt of NASA'! 
progr.im IO inl:reA/i.C oor u nde rstanding o( 1he 
tmin : ~ in which we live : the redesign and f'C• 

q1.1.11ificMi()n of the Spaoc Shun le's !k>lid rocke1 
hooistt:r jvin1 i!!> psrtof NASA's prog:ram 10 reh ml 
Llie Sp3c;e Shuttle to flight !>tams. However, in 
other ;tr"ea.~, such as p iloted exploratiou. ou r 
objet.:LiH:~ have not been d early identiiie.l. 
Does thi.s country inh:-nd loestal,lj l!-h ,1 lunttroul• 
post? To se nd an expedition to Mt1~ ? 'Whal are 
NASA's major objecti\·~ for the: l,,1e 20th and 
earl)' 21st Cet1tu r:ie11-? Tl1e Space: Shuttle a11d 
Spac:c Station will deurly 11-11pp<>rl lhe objcc­
LiH:s, but wlmt will they he ~upporting? 

The&e (1ue81 iont ca.,mot, of c0\1nre, 00 ani,.,.,'cn,-d 
by NASA alone. Out NASA ahoul<I lead the d is.• 
cusi!oi,, n, 1)mf>0SC tochniC',.a11J' f&L..:;ibJtS opL.ions. 
nnd make 1hough1fu l recomme ndntioni.. l lle 
d1<>ice (,f objectives will shnpe, umong. other 
1hi11g~, NASA's 1echnology program, Lhe cwolu• 
t i cul of 1heSpaccStnrion, nnd 1heehurucH:rof 
F .... rtl1-to-orbit transpon a1ion , 

MEETING THE CHALLENGE 
IN AERONAUTICS 

AND SPACE 

NASA•~ viilitm i~ tv be ;,ti tl1e forefront of 
udvAncementa io aerorltluLic;i., space science. 
und explvration. To -tiel vur <:our.se into the 
2 l i.t Century a n, I bri11gthi" vii:,ion to reality. 
NASA wi.U J)\11'l5ue major goals which repre• 
i;ein its .aspirntiona in aviahon aod 6JNlCe, 
These goals :u~: 

• Advanee &cienlil'iC' lt llQwledgeof1hf'I 
planet Eo1.rd1, the Siolar system, and 
the univen;r- IM"fOUd. 

• E.<tpanJ ln,un~) t•N".Sc.ncc beyond the 
Earth int., thr. solar 5Ystem. 

• Strengthen .iemnautics l'C$earc-h _,nJ 
de\.elop lec-hraolog)' toward prornoling 
U. S. )&J.den;hip in civil and military 
aviolion. 

Succ~~rul J)IJl'8Uil of these rnajc,r goals m­
quin:~ ,·orninitml"ni I() the> followingsu()l>u11-
ing g(>11l s: 

• Relurn the Space Shuttle to flight 
JOtatui. and de\➔clop advanced 8p '1CC 

lrausportation capabilities, 

• De,elop facilities and pun-ueJJc iente 
and technolo@Y needed. for the 
Nlllion's space program. 

As NASA pursues these ~l&, we will: 

• Promote domestic application of 
aero&-pacc technologiN Co improvt­
thc qu.ali t)' of life on Earth .mJ Iv ex• 
tend human enlcrpri3e k yvnd f ..ar'lh . 

• Conduct cooperalh·e ~ liviti-,. "''ith 
other coulllrie.! wlttin 3uth coopera­
tion js cot'16i11-lenl w-itl1 our rutlfonal 
!)pace goal15. 
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PROGRAMMATIC ASSESSMENT 

E,;1.cli f,fth,? ini1ia1iv1~i. rl1~i.Cril-wl in 1hc prcvious~tion ia B wonh• 
whit~ r•N)gnun. Ah hough each ha.'lMmc.1hingdifforcnt 10 offer, each 

fall~ within 1he ft·amcwork of NASA '.s vision, each builds on and extends 
t>..xiMing capabilities., a nd each elicits the reaction, "'Americo ought to 
hf> doing !his." ln 1bc absence of fiscal and resource con5trnin1~, the 
Uni led States would undouhtcdJy adopt aU four. In the presence of 1ho:,,.e 
vcr,• real constraints~ and the addi tional collShllint& impot1ed Ly the cum.ml 
state of ourch'l1ian space program. thie course of.tction ill, nol f10t1-.s1ihl~. 

In ih.dt:sirc to revitalize tJic civilian ispace program, NASA nn11SI ;.1v,oiJ 
the lnlp i&:uti.ficd by tJ1e RogenCommil!lS'ion (luring ilt1 i11v¢:,lig."1ion ,)r 
the Cludkt¥;cr accident: ·11,e attitud e 1h:;t1 i:mal,l~ th t:," ;1K~11c;y to put 
ott:u cm Ll1e 1noou and lo build d1e Spm.:eShuttlr: will nol a.Ho .... , it to pass 
up au e:<cilfog challenge - eH:n tl1qugh ;u;c.;t1pting Ll1e <:hallcngc may 
drnirl resom< .. ~ Crom lh'f mvre rnun-d,me (11ul ncc:e.<1sary) aspcc:ts of the 
p1'(>gt;J.m. 70 Thi:: Cc:munia,,.-iun furtherol-,seo·cd (in refon:ucc to the Shuttlc­
fiigh1 ri,ites):"NASA nunit a!ltablish a rca.lis.tic: lc~el of cx.peclatiou , lhcu 
appl'Q:u;h ii c:.:i.n:fuUy. ,. 

To establish n rcali~tic• level of C.1'(J(~CUll ion, NASA mu81 oonsider the cur .. 
rent condition ,,f 1hc ~p11ce pmgram, i1s l!.Ln~ngdt.S arid li,nilatioM. and 
it&c11pnbiliti(_"'5 for g:row1h. Any hold initi.nive hast() begin wi1h and then 
build un 10..J"y ' :,i: i!,JJ4•~~ r,rogrtHll, which unfortunately lack-, some fond.a­
nw::n1nl CJt!'•;)hiliti¢.<;,. For c:xamplt!, our m061 critical commodi1y, Enrth•to-­
orhit 1ran .. <1. fl(Jrtation, i,; C.'L<w..ntial to cac::h of the initiatives. Blll the.Space 
Shut ti~ i.fl. grounded until a t least June of 1988. and when i! does return 
to Oigh1 $U11:Us, the flight rate "';11 be considerably lower than 1h01 pro­
jec::tcd bc::forc tbe ChatJ.mgu accident (n four-Shutt le necl i" f"J!,lim11t~I 
10 be capable of 12 to 14 flights per )'Car). 
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In hindsight. it is easy to recognize that it was 
a crippling mistake to decree that the Spuce 
Shuttle 'A'Ot1ld be tJ1j .s oountry's ottly lttl•llch 
veh.ide. Sevc r.111 l!oh1J.i~ .1Jim;.e I.ht Cl,(lfkngtr 
acci(l~n, haw! rttommendcd that the civilian 
space program include expendables in its fleet 
of launch vehicles. This stratcg)· relie ves some 
of the burden from the Shuttle , gi\'CS the coun try 
a broader. more flexible launch capability. and 
makes the space program leM vulnerable in the 
e,·ent of an accident, 

TRANSPORTATION 

NASA transportation needs for the 1990isand 
beyond received consider.tble attention from 
the task group and committeeis exawin.iug 
agency goals and future progr.-m tluusl.6. 11Je 
oou&eosus of their (fodhtgs is lhal if tl,,e 
N.itioo igto 01:ieo .- -J lighwtty 10SjX1te, •• "'e 
rnus.t regtiin regular ,1nd a.r,.iii,.u'e<I :iteei.:s lo 

spuee: .i.nd expand launch C3~1(:il)' ~ I on 
expendable ;md reusable vehic;le,t,,. 

''NASA should, on n m08t urgent brui.is, in­
i tiate a program to incor,:>0ratc a dh·ersilied 
family of expendable launche~ into il8 1!p11ee 

fligl,1 program, IQ include ii lieavy-lir1 ELV. 
Paylo~JJ,C telu)uld he <>O'-loa<l~i (m,n "huule 
onto tl~V~ "''ht:w-Yer ro,.<t.-.ihle . ., Repono/ the 
Trult F~rceoo h.wi!tof aMi:<ed Fl.ttt., 1987 

"The U.S. should continue to expand it-. 
launch capacity based on a mixed fleet o( ex­
pendable and reusable launch \"chides to 
preclude total rd ia11oe on any one launch sys­
tem. so that the pre6cnt manned and unmanned 
launche~ will remain operntiomJly heahhy 
until d1e ne:<I general-io,, of n:bid~ i.!S fully 
developed . ., U.S. Ci1.•iJ Sp<u;e Program: Ari 
Al.4A A.,-.fe-.,$menl, 1987 
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The problem of limited lt1trnd , ca1~bilil)' or 
a,·ailabilily will he mtignilied d ,nfog the a,oscm­
bl,- t'lnd or,er;,.iion of the SJ'Wl-CC S tation. Cur­
re1:11ly. NASA f)l;\.1\$ to ufleonly the Space Shut­
tle to transport cargo and people to a nd from the 
Space S.ation. This places a hea"-y demand on 
the Shuttle (six to eight flights per year}, but 
more important. it makes the Space Station ab­
solutely dependent on the Shuttle. If Shuttle 
launches should be inlerrupted ag.1in in the 
mid-19905, this nation am.st is-till h.in; .i..:ce~l! 10 

REQUIREMENTS 

"''Ole use of a to.Ued launch fieel will allow 
humau.s to fly •·hen they arc needed on a mi.s­
$jou and allow umnami-ed "chicle, to be lhe 
e,utier of chvi~'tl forolber oois,iou.s ... Ofrer• 
sity will also allow a beuer m<'lh.:hing o( tl,e 
tieieotific re<1ujreroenlgo( .i mission "''ith lhe 
Ii.lunch (!tlp:)]>ility needed to meet th0$e re­
•1uiremenl6, ralherthun fon;ingthe rni3"i()11 to 
mee.1 the Ct'1nn1rainL':I of~, $ing.1e inflexible, 
launch ayat~m." The Crisis in. Spactt wul 
Ear1h Sr:Umce, 1986 

"1lie~huule fleet will l:w._•(.:orne0Wlolc1'ecn1 b)· 
the lUn1 or1heoen1Ury. Rdiable. economical 
launch vehide~ will h" nee,led 10 [)rovid~ 
flexihte, mn1in.,.11eoes.r; to orh i1 fore&rgo $nd 
pa.~~~ngeN- Al r-e<h1...,.,.d c.o.r;1~ ... to reduce 
~pace operation co..r;u rui soon a.r; possible, the 
Commission recommends that three major 
space tran.spon needs be met in the next 
15 years: cargo transpon 10 low Earth 
orbit; pa!,!,engeT transport to and from low 
Earth orbit; and round-trip transfer be)·ond 
lo•· E.urth orbit. - Pionu.rin,r the Space 
F rontU:r, 1986 



spat."C and tJ1e means to trlillsport cargo and 
people lo and from the Space S tation, The jm. 
1x>r1ru1ce of Lhis capabilily wa& cmphasi~cd by 
thi:! Nnti<•oal Com,njg~ion Otl S()fl,ce in iui report, 
Pione~ri.,i.g theSJJ(1ct FrQrUi-tr: .. AboV'e all, it is 
imperatj\•e that the US main~ill o oootitwous 
abili ty to pul both hum:i.1\$ nn,1 turgo i n10 
orbil. " 

From m)w until the mid•l 990s, Earth-to­
Qrbit l:r&.n8p0rtution i~ NASA's most pttH • 
Ing p roblem. A ,!!J)<i.Ce program that can't get to 
orhil h&s a ll the effectiveness of a navy that can't 
ge110 1he$Cil. Arnt ric.i muistde\·elopacadreof 
ltnmch ,·e.hiclei 1ht11t can lin11 meel the near-term 
commitme n1$l o( 1he ci\•ilian ~p.,ce prop-am a nd 
then grow to liuppon )ll'()jee1ed progn1m5 or in­
iriath•cs. 

Expendable luum.:h vehidanshould be pnwided 
for pity loads which a re not unique to 1heSpace 
Shuttle - thi.!I is requiffld just to impleme nt current 
plans .o.nd to5atisJy fu ndamcntul re,,ujruments. 

A Shutlle•deriveic.l c;.ugu \1e hide l!.hould be de­
w~loped im,nediately. A Sh1,11lle-dtrived vehide 
i$ s11rnc1ive br.:cAute of its lifl cap;,city, it.& 
i.ynergism with the Space T ran .... rior1.a1ion Sy,;,;• 
tcm, and its potential 10 be available fors.enric,e 
in the cat·ly 1990s. This cargo\·chjclc would re• 
duce the payload requireme nt.son lheShutd e for 
Space Station suppo11 and would accelerate the 
Space S tation as&embly sequence. 

·n1e United Slafosshould also~criously con&idcr 
lhe advisability of a crc"''•taled experM:lable to 
lifi tl crew cap!ule or a logistics capsule to the 
SpaceSL..Uion. The log.istjcs vebjcle. for Space 
S1,,1ion re3,1pply ttnd/or instrument return, 
wlluld be de\'elop@d wi1h :mtodcx;king and pre· 
cision reentry caps.bilitiB!i. The ,:rew capsule 
-wouJd earry only c rew members and supplies, 
~-ould lilwith (with orwithoutatn..-w)ou the ex­
pendable vehicle, W()u1d ha,·e autodocking capil· 
bility, and ,nighl also be used for CJ'e\\· rescue. 

TECHNOLOGY 

Rebuilding the N111joo's lechnology bue ig 
eseer.HiitJ for llu:! sutceu(ul uchjeve:mei>t of 
any long•temi i ~ gool. It ts widiely agreed 
th.ti "''e are livingoffthe interest of the Apollo 
era te<.:hnology inve.i,_t.me nl, and 1h.at ii ii. time 
to replenish our h~(:hnology reservoir in ordf:!r 
to enhance our range of technical opti~mli. 

'"rhc Nation has eillo"·ed i1,11 technology ba~ 
to erode, leaving it w;th little capability to 
rn<>n : out in new di reel.ion-I! 1'hould lhe need 
arise. •1 Lene r from Danie.I J. Pink (Chairman, 
NASA Adrisoty Counc.il) 10Jame11. Fletche r, 
d.ated Augu!lt 14, 1986 

"Spsce t.echnology ad\'lmeenient underlies 
any oomp.rchens:i,•e future space activity. The 
present course is a s tatus•quocarctaker path 
with uo potential growth, New eommilmcnls 
are called for in key technologies .such as 
propul.6ion. automation and robotjc&. fughl 
computers, information !l'ystemtS., seu&OR. 
1xn .. ·ergenerdlion, rnaleriallf, &lru<:IUn:$, life 
isupport ty&lent-6, a11J lSJ).M)e J)n)(;le~ing. We 
t,1ppor1 tt,e reeOtl\m~n.:lation hy the National 
Conuni;;$ion ._,n Sp~ for u three.-.fold in• 
erea.5E: in lhia re1athe1y Io.,..•-hudget but ex• 
tremely important area of space lt.-chnology 
advancement. especially in view of stro~ 
foreign commitme11ts to such technology dc­
vc:Jopwenl, •· U.S. Ciro. Space Program; An 
AJA.A. A.ucs.mient, 1987 

"Re11.ea-rch must be J)ursued on • broad front, 
to identify and q\lanrify technical pos,sihili­
ties before their u,;efulnes.s can be judged. 
Such a re!ca.n::h and tuchnology proJ;TUm is 
therefore properly concch·cd uir. opportun lty 
gene.ruling. not directed tuwurd dpplit.:8-
tions. ·· Pion.cering ,w; Sp,u-L F roll.Wr, l 986 
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Tiu::se. t.tansport.alion capabilities arc required 
jusl lo launcb. assemble. opera le. and safd)' iu­
habil the Space Station. and to have some pros-­
peel of being able lo support future iniliati ,·cs, 

Witlu)ul ,w~mJ, n:::li;1hlc: .E.trth-lo-cui.iit lr.u1;Sp()r• 
tat.ion avaib h1~ lu lifl :,e11i$()~, 15pucet:r.1.fl, 
scienti:1L,;. :ul'I e~ph>rtffl loorbil, we will nol be 
in a po!iilion to aggn:i,.."'lively p11r.;.oeei1her ec1eoce 
o r exploration. We ha,·e-i-1.ated t h i11 trim&porri,. 
tion is nol our goaJ - but it i!tai..,;enlial Ill 1he i-u(:• 
ccssful pursuil or "'hatenr go:1li- wec:hOOtle. ff 
~c Ju not rn.ake a cximmi1m11nl now to rebuild 
and IJroltden ()ur launch f•apahilit)', we will not 
have the: option of pursuing any of the four in­
itfotiveil described ill the pre,·iom,; i,;celiou, 

·n)(' !l.an)f> Cllll l'W'! AA id for ~1lv,011..·cd lechnolog)', 
Th~ Na1ional C:ommil':ii,)n 0 11 Sr\ilce ob11-en·ec.l 
tha1 .. NASA is i.iill li,·ing on the invt~lmenl 
made r,Juring the. Apollo t"..ra}, but .... ann(>I •~(>II• 
tinuc todo so if ~-e a!'c to maintain UnitecJ Statt:11, 
leadership in space ... &,·era.I recent studie:i­
concur. concluding that our technology ba!M? bai. 

TtU:hnologi£$ expforecl by Profec1 P,iJlifi,i.der. 
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eroded and tedmologiea.1 re~a.i'<:h aml ,levelvp,­
tueut a re u1HledundeJ, Tiu, tec:hnology M Juirnd 
for bold vculw'C.,; beyond Earth's orbit has not yet 
been de\ clopcd. and until il is. humwi cxplomti<Nl 
o( d,e inner lK!br ~yistem will lm,·c: to wait, 

Prvj~I P;:1tb.fi11J1='r ha& l,een dtwe1oped by 
NASA's Ofl'.foci vf Aeront1l1tiCSJ nod Sp.ace 
Ttchnology in c<inj onc11on with ~perl@Oli the 
t,.,nttr ::ind Mars initiuJh•~. PMh.finde,· ~·ould 
prnvi,IP- 1he technologies 10 enable bold missions 
heyond F..:1r1h'i; Qrhit: u:chnol~')' for :UJl()1\omou~ 
")·i.tem!t and roho1i~, for lunnr nod planc,tary 
advunc:ed propulaion systems, and foreXlnt('fion 
of u.iwrul maturfo.ls rwm lunar or plmm1ary 
liOU«!~. II alsodt:all:\ in asignifictmt wsy with 
tht~ lm1na11 abilit)' to liv,·~u,ul work in i;vacc., by 
devclopint tedm<1logie$ (or I ife..su.111:iort ~)·stem~ 
nnd the human/mochine hnerft1.ce. Umil ad~ 
vonced technology programs like Projool 
Pa1hfinder a.re inititHed , the exeiting goo.ls of 
hum~n explomtion will al~·ays remain 1010 20 
years in 1he futu re. 

Llfc science.a re.search i.s also critical to any pro­
grams invoh,.ing rclath·cly lo,tg periods or 
human habitation in space. Because tJ1c focus 
of our life &<:ienees research for the las-t stweral 
yeani has been ou Spaoc Shuttle Oights. which 
only lmst for(i \·e 1o ten day5. there ha& been no 
imm ediate need for a progr.tm to is.tudy die 
phy~iulogici.11 probleru& .-~ialed wi.th longer 
Oi~l1t.i,. Will1o~•I ,111 tmJel"{lt<uiding u( tl1e long­
te1,n ef(e<.;1~ ..,( weigl,lle$~ue~is. on the lu.mmn 
body, our goal orlu_unan e~J)lor:tliun l)( llie tWlal' 
system is SMerely oonstrainetl. 

Before astrnnimL'! are Sfml into space for long 
pcrio,ls, rt.'$Can::h mu1n be don•~ lo undml!tand 
the phyfiiological cfrc,cts of lhc mic·rogruvity and 
radioUon en,•ir0rm:1-ents, to dc,·clop mclt&uru5 1,J 
couo1eroct 1my ad,·e~ effec1s, und 10 dcvelo,, 
medicol le<:hniqut!$ 10 pi~rform r<>uUn~ and 
~merit:ency health care abt)a:rd spacecraft. 

Project Paet'r, tle,,d ,.11,ec.l l,y NASA•~ Office of 



Space Scienc-..e and Applic:ationa1 ia a foc:uaed 
program dei.igned to dcvel01> thul unden!tunding 
nm.~ pro\•ide the ph)·i;iulog;itfll And medico.I 
foundation for exlc:nded s paocnight. Thi~ re­
search would be oonducted in laboratories and 
ml SpuceShu11le mi&$ion& in prepa.ration for the 
critical long--1enn exp,erimenta 10 be conducted 
()n the Space Sca1ion. 

Until the Sp-ace Stat.ion is oc:cupittd, and a 1~l11a.l 

long-durut.ion testing is begun, "''e will lac k the 
knowledge oecesS&ry to design and conduc t 
piloted interpldtieUU)' fliglm or to inhabit lowe.r­
grav-ity surfoce ba!e@.. AJthough the research 
conducted prior to the occup3lion of Space St;,l• 
tion c1mno1 provid.-: definitive ans we~ 1o i,everal 
key questions, it i51m essentfol precuraor 10 the 
re!lean:h !Ind techr1-01ogy de,•elopment on 1he 
Spuce S talion. 

LIFE SCIENCES RESEARCH 

The proi.pt,-cl of ar1 c~tenJcd hwnan pre$eooe 
inspuceou the Space Station alld loteron ex­
tended miss.ions t() the Moon ()r Mars req1.1ires 
a conunil.Ment to beuer undel'6tnnd and re• 
spood 10 bfotnedical, PSJ'chologic.11.l, nnd 
hu1non en.gjneering chnHe.ngeR. A,hho,1gh 
1here iJt.gren, contidenc-e 1har we ~'ill e,·entu­
elly 4'-Stahlish a preaence on other bodiea in 
the M>larsyJ;tem. there remains uncertainty in 
the medical oommunit)' aboUI th('- implica­
tions of such journeys for humll.ll hculth, 
safety, and productivity. A numhcr o(recent 
studies highli~I conccmt-and lden1ify art.a~ 
rcqui.ring additional t'C$ear<:h. 

.. Space medicine is unique in the conlexl of 
the other space &eience& - prin~ril)' l,ec;au~. 
in addition to quel!lljoo& of fom.l!l11~nlal io• 
ten:tt. lheni it1 .a ,~eel to :u:M1~ thO!le iMues 
dull ,a.re m<,re "'' -1 elini1;:i:tl ur human health 
,utd .\Ml.Cely nature ... if 1hi1,, country iscommit­
te(I l() a (ulur~ of humaru. in space. particu­
larly for long periodt. of time. it is csscntiaJ 
!hat 1he va..,;t number of uncertainties about 
tha effects of microgra\'ity on buma.tU!i and 
ot.ber Living. organisms be recognized and ,,jg. 
orous.ly addreued. Not to do iso would Le im• 
prud~nt at beiSt-quitc pc,e;sib)y. ~ponsj .. 
ble." .4Stra~r.·JorSpa«Bwlol{)'and,\fed• 
.co., &ienc.e. 1987 

"'\luny c·nu:ial is!!-UC!!- in the thrt.-c maj()r-Qtea& 

of he11lth, lifo support. arid operatiooal 
cupu.biliti1}S remain to be IC8oh·ed before the 
,s.afoty of hum,u~ "''orkillg in g-pace over 
months aod year! can be assured. Certain oa.. 
peel& of ~)hysiolc>gical ndapllltioo 10 micro­
g11wi1y may be life-1hrea1ening, especially 
over1he long•tenn ... Areas a:uch 8$ mP.<lic:al 
car~, n11diation pr<tlection, environmental 
maintenance, and human productivity ure 
equally .!le.rious. but the ~arch and de­
velopment acti,,itie5 SS&OC.iated wi1.h these 
areas have at lea.st begun on a modc8-1 scitle. 
To neglect any of the!!C an-a& oould pnwe 
risky. and para1lel rc&etm'h M·tivi1ie$' 11re re• 
commended. :- Adoon«d Miuion.t ui1h Hu­
mans i11 Spa~. 1987 

.;Of paramwnl 1m•ctii;al impo11ance are 
bunum &afe:ty arH.1 performanrt. lung-dura­
tioo flig}1t8 ()11 the Sp.:i,Ce Sun.ion will increase 
i,ur u,,c;len,tanding o( the effects of the space 
e nvironment on people and other Livingsys­
temi;1. Pmb1ems of bone dcm.ine:raliz.ation and 
loSa of muscle mass persist. and drecti\'cc-m• 
pirica.l solution& are unlikd)' lo be found ,won 
. .. It i& imperati,·etluu baeic re1ean:l,on thiti 
problem continue, both on the gru,1.11.J and i1, 
i,,p1u:e." l'ion~~rfog the Spa<:< Fr<Jtll;,:r. 1986 
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8 01b tet.hnolo{(y de ,,elopment &nd 11.fe 
&cle.uees rcseorcl1 a re pach1g e-lenit.n ui b1 
hu man exploration. 

The four initi~tivcs rcprc~Jit widd y ,·- ring 
Je,·eb of complexity and commitment. As part 
of the development and evaluation of the initia ­
ti\·es. an a.ssessmc11t was perfonncd to estimate 
their relatfre complexities and therefore their 
relati \·e im pac--ts on the agency and its resources. 
The initiative!. and rt'sult.s from related studie.s, 
"'·ere reviewed to identify the required technol­
ogy. transpo11ation . on 4 orbit facili tie,:, aud 
pre<,.'tU'$or 6ciencc. 'fbi6U.sessmeut yielded the 
eleroeult> comprising each initiative- the build­
ing blueks of tba1 initi.-itive. 

'The assessment s01_1gh1 to define the ini1ia1ives 
toa re8$onable level of de1ail 1hN;11,1gh 2010. At 
this time, the ini1ia1h-es would be in differcnl 
s.tagesof de•;elopment. All Eanh observing plat­
forms would be in spaCtl vdth their observing 
systems operating; they would be s.cn'lCcd 
periodically. and would continut<: to tram~mit 
data to E:.arth for years. The final mil!.!l ion of the 
Planetary initiative would be complete: this in­
ilitttive ia not defined pru1t 2010. The Lunarout­
pc;ust "-'Ould be well e5tabli5hed, with mo51 5Ur ­
f.-ce element& developed itnd Jdivered; it w(H1IJ 
recci,·eoonlinuing lQgi&ticti tuppo11. hl•l "''Ol1IJ 
be&otucwhut &elf &u&t;'lining, and h;,1,•e conl!fid­
erttble [,Ol~uli .i.J (<,r gTOwlh M(1 for s11p1>11rt <,( 

furtlterexp1oration a<::tivitie~. ln 2010, the na­
tion'$ ~f3.J"$ program would have just finith~d ils 
human reconnaissance phase, and would be 
prepued to embark on the es.1ablishmen t of an 
outpost. 

·ro pro\·idc a common starting point for each in­
iti;1tive, thi.e analytii& a.e.eumed the currently 
J)lanned NASA sp~ce program a& a foundation. 
That iil, eaeh ir1iti~1ive mu:st ~ buih from the 
fouodatil)n of a fleet offw.rSt:.aee ShuHI~ au<l 
a Ph8$t 1 Spai::e S13tioo; evt:')·thiog t:l l~ th-'t 
would ha,·e to be added lO accouiplish l1,e initi;1 .. 
ti,·e, including additiona.J SJ)llce S t:u ion mod~ 
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ules. new tram~port.ntion clements. un.5c.heduled 
prccunsor &eicrw::e missions , etc. , w-;ui a,sumed 
to he J><ll1 of 1h01 initiative. 

Soroeo( lhe clement~ of e.:1c.h ini1j-'1ivc ,,.,·ou)d be 
d eveloped &Olely fu r that i11it iatjve ; 1mwy ol11era 
ooold be (;(11nmon to othe.r i(ltiti.itiveis. a~ weU. 
An exa.inple c.,( 1he forr'ller i.g the luni&r Ox)'gM 

J)la111 d~igne<l to ed r;,u;I OKygen frorn the luru.r 
aoiJ. Although Jiimi1M· technologies. 1nighl e.ven~ 
tual1y be needed al a M"ar.,(JUtJ)()!,I, 1he element 
iL,;.elf exists only in the Lun;µ- initi:itive. An 
exampl"of an elemenl which could be common 
to 1>4weral program.i; ii. the spttC'.e trans(e.r vehicle 
of the E1utJ1 inltiati,•e, Allhough it would lifl 
geo1,ta tio11t1.ry platfonns from the SpaceStatfon 
to their final orbit, this vehicle could ali;o be 
used to defo·er other cargo (unrelated to the 
Ul.rth injliative) 10 geo$)'nchrocl()u5 orbit, .-,,- it 
could be the basis of a lmlar transfer vehicle. 
Each initfo.ti,.·e has elements which could be 

PW<tTAAY WlH UJNAA. 
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comn)(ln to other programs, a& well -1:s ini1iath·c­
specific.; elemt:nls, 

An overview of tl1e Ln1nspo11a1ioo eJem~nL" re• 
quired for lhe iniLiatives is i,hown in Table 1. 
lhe f.urth ta.nd Planetary initii1th·ei- trutkc the 
mo:st m(idt-.s.1 <lemonds on tmnsporlatiou. in 
1cm!.$ of both essential newc::apabilities and Cn:• 

queney of lL..C. But each of the ini1iruh•es re• 
c.plire;. an Eanh-to-orbit tr11nisrx:111.a1io,, system 
wm1)ris.ed of more than j usl a S1)ace Shunle 
fl«'il . 

A heavy-lift Jauuch vchide ii, t itlier enabling. 
or significantly enlmm;ing, to all tlle initiatfres . 
A Shuulc-dcrin::d vel,ide would have sufficient 

SPACE STATION EVOLUTION 

The Vhasc 1 s ,)ttceStlllion will be a f1ttrrna­
ncntl}' l!ltafrcd ··labonuory in apace" 1,y 1996. 
Other c11po.bili1ics, such ru, an a.'k'leinb1y sta­
tion oro fuelingdepot, will not he included 
in the ini1ial pheise, but could bu aoooinmo­
dated lble.r if a n eed for th06c functions is 
clearl)' identified. 

A key quei,tion for the not-too-dil!tt~ml future 
i.6 ·'}Jo...,, ~hould the Space St.11io11 evolve?" 
SiJJ.<:e the Space Station i.&a me..ms 10 J)ursue 
our gu,a.ls, the answer dcp1::u(l:$ oo ""'hat those 
go-1l1J are. It is important to lmder111and what 
e;t(;h initiath·c demand,o{the Space Station. 
F<,r example, thePl.itlt!IM)' initiati~·e makes 
fewde:m.andson theS1>-•Ce S1s.tion; the Mar& 
initiati,,e make& eu)JtSt~111j 3.( demands. 

NASA ·s OfficeofSP4CE:'I S1ation has i;.ct upa 
Stni1cgic Pfons and Programs Divi,ion ...,,hoee 
charter i& 10 onder.;ui.nd how the Sp&cd Station 
wOlald he required lo evolve under a ,~Qriety 
of M':eo(lri05 for the fo1uru, and ""'hill rm:wi­
~ion.s must be mode in tht d esign of the Ph:1$e 
I S))ace Station tocnimre tha.1 thee,,olution 
i.i\ possible. 

Space Station evohitio,l workshops, held in 
September 1985 ,md J ul)' 1986, laid the 
foundation for unJtr8landing bow to accom• 
mod.ate a varii:tf uf u.sie.rs whose requirements 
may not be OOinf>alible. Thei;.e work.l!lho!)s reC• 

ogni.:ied, for example, 1hat a laboratory in 
sp;:1c t, (e.during long-tcnn access to 1he 
microg.n,vi1)· environment. might not bt com~ 
p.atihle with an operational u&embly tind 
t:heckout facility, as construction operatic:m~ 
wuld disturb the scientific eoviN)nment. 

Spac,,.Station •~solutiou "tanning will include 
sn nsi;,ei;smcnt of the implieatiom, of e.l(:h of 
the four initiali\ e8. 1t is iinpo11,1nl to have 
specific acenruio&, 'With a level of W<:hnic:al 
definilietn behind them, 1osen·eo.-<oa ba.'iis for 
the!!C fl$.8ef!Sments. It i.i td !I(, important thal 
~ul111 from these tl$SeAi-mt>nli. fc<.>d back in10 
1l1e initiative scen;,1rioi;. This iterative ap• 
J)roach is required to e1o1abli.1oh reasonable 
t\·o1ution scenoriO!t 4tnd initiati,•es I.hut are 
compatible with the prus,oeOO e,·olution. 



capacity for tl,~ Earth i1ml Plaueli,ry inilit1ti,·c:8. 
It would also s.atisfy the rei1uirtc1ne111~ q ( 11,c 
Mars a nd Lunar initiati,•es 1h.mugh the ] 99().,.,, 
aJthough sho11ly after the turn of the cen1t1ry 
both would need a vehidc "·ith a lift capacity of 
l 50.000 to 200,000 pouud..s. This higher lift 
c;:,p.u;:ity i& nec<led primaril)• to suppl}• the lru·gc 
itlfl()mlls of propdlant required for each initia­
live (:ll)()ul 2.2 million pourrd, to low-Earth orbit 
forell(;h Afa~ ~1,ri11l ml~i:!iou; 200.000 pounds 
to low-E:ul11 orbit for e.u.-:h lunar l~ .k), 

11u; Luno.r And MttNI ini1jntivesuJso ha,·ea crit­
icoJ need forthe copubility to trans.port person­
nel 10 and (rorr, the Spa(-e Station. 'f'hi5 need 
oould be filled by a penwnnd moduleudded to 
the Shun le, or h) f!Otnt odu~r pcnsonnel currier. 
The addi1ional crew memhe~ w<>ulJ perf onn on­
orhit a:ssemblyof the cargo an<l crew v{'hicl~. 
AJthough there is cu-rrcmly nogo<Wi C'.Jo ti,na1e (if 
1he size of the crew required ,oa~-.emhle ~,,d 1e~1 
a ,·chide in orbit, it fa; likdy tluu du: l ..tmflr in .. 
friali\•e. if it dcvdops as projected in Pha."e m. 
would require more tJ1an30 people in low-Ea1th 
ott)it by the" year 2010. It builds to th i.!i f"".AI:. 
grudually. though. and the cru·ly assembly ·re­
(l(1ir-emenl.! (2000 10 2005) can be phased in 
,o l1JWI)'• 

} 1. U tJ1e i11i1iali\lts ho.,·co1bcr 1ll'4!df. ui:, well. 'l'he 
PJanern.r)' illh ioti~e·s nt_'<ldi!. u(~ limited 10 ex­
pend.able1.nage&, o.nd pos.sibly w, Orbitnl Mnn• 
~nvering Vehicle for the reoo,•ery of a re1urned 
Man;,1:lllmple. ' l'he EM1h ini1ia1jve rnal,:c~ more 
i-ubstnniial U$e. of Unh-otbito.l cra,1sporta1ion1 

indtl(ling 111rani.fervehicle to li f1 f11Uy tl~"(!.n~­
hled observing platfom,s from the Space S1atfo11 
mgeosynchronou.s orbit, and !iOphiMi<".ate<I Or­
hi1.ul Muneuvering Vehicles 10 aid in platform 
~ n·icing. The IAmnr und Mars iniiiath·cs arc 
more de-rnand ing. Both are likely to require Or­
bital Mt111t'U\1Cring Vehicle~ to transport person­
nel fMm the sr~N• Sm1ion to orbital assembJy 
:1ites. MMt significa,11 , ho1I, require ~uhs1antial 
space tran!'lfor ... elticlf'~ 1(1 ln in~pol1 crewis from 
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low-Earth orbit 1oeilhe,.the Moon or M.:u"l!. Al­
though the lunar 1.ran!lt.f l'!r veliidt.: could bea de­
rivative of a transfer vehicle to_goosy11d111 .. 111ol•~ 
orbit (or vice ,·ersa). at thii, t ime ii ~J)1*1•~ tlial 
the Man tmmfcr ,·e.hjcJc will demand adifforent 
1f1;:,.ign. 

TI,e orhit;1l fru.:iliLiQI required for eaeh initiative 
am shown in Tuhle 2 . TI1e Planetary iojtiali ,..c 
has limit~d re(p.,iri:menta ifl thi& on:a; t11et.1thcr 
th.rec haveexttm.i;ive needs that begin with the 
Phase I Sp:u:eS1a.1ion. The Phsse 1 Sptu;eSw.­
tiou includw, polar pl;t1fonns and tlltt\Ched 
payloads for the Earth ini1iuth'e; it serves a-ati 
tcclmolcit,')' a nd syi:ltem~ tes.t bed for the l.untlt 
initiative: and ii will hen <'RJc:i.111 labomtory for 
life &cie11ecs rci;(la.rd, und technology develop­
meu1 for die Mun; initiutiw•. 

Pl>N£T.UY "'"" """' 
• t.OW,fAATHOWT 

fAOUT16 
~ •911£1S'AfQIII • • 
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All lht: inil.i;ilivt:$ requirt: lh.it lit'° Srmct: Scat ion 
tm,1 Vt: aJd.itio-n.i.l c.:.11,.,l,ilitiei;., bul tlit: 11ee<l~ o{ 
1he Plaoemry iniliaLive (a 11a1t1J)lb n:tur'n module) 
and ,h~ Earth inillalive (i.en•idng c::q~ ilil)', 
opera.Lion of a space-transfer vehicle) are rela ­
tiv-cly modest. The Luna,- iu.i tiativc requires 
gradual evolution to support tbe assembly. ser­
vicing, aodchc:c.koul of lunar transfer vdticles, 
1i1iz; rcqui.re6 mort pc.,ople in orbit (aud lherefore 
mo:re Space Staliou modu1t:5 and log.i6t.ic& lr.U­
fic), 5paceport facilitit:li, and a propcllw11 <lepot. 
'111e- Manl inhfative ,,J.so rt-lie$ <>n those 
SJMCtJ>ort (ueilitie& anti tlJJjti<>nal crew a.ec<>tJ)• 
mOOations. and .illhougb it wil l not oocur qui1e 
a&aoon as in I.he 1..un.ar initiMivt, 1hea~embly 
cl the.large Mitrs Glttgo (Uld piloted ,,ehic;l~ will 
he 11- Aib'flific:mt lllak. 

The Lu nor initio1ive in-chtdeseignifitMl .surface 
facilities such as ha.b ita.tion mod,,les, lnhor.itory 
mod11IP.:$, ond on oxygen plnn1; 1ha Mttrs initia­
tiv.-. look$ towarrl an evennml CMllpo!s'.I (n.fler 
2015). but while similarF-urface facilities woo Id 
he necc....aary at th.at 1ime, they have 001 been in­
duded in the asscs!'-mcnt lo 2010, The Lunar­
and Mars initiatives both require landers, as­
cent vehicles, and nffcn. The&e \¥Ould tn(l!!,I 

likely us,c some common technologie& und ~uh. 
systems, but th<")' would nol be identi.-.:o.l. 

T he initilltivei,. .il!Kl requ ire fovei-tnw~nt;; in 
te,r,hoology <1.,,,.,_loprrw.nt, and invoslmsn~ in in­
stitu tional and human resources. 111is SUJl port 
earl)' in the Jifoof on initiative i~ vital to it~ 1mu­

ccai;. The level of investment nx1uin..-d i6 di­
re<:tly pro(>0rt.ionnl Lo 1hc m11g11i1ude (uid com­
r>lexityo(thc initiatirc. The Earth o.nd Plao-ew.ry 
initio1ivf'.s .,.,.ould be e,.'l)e(:led to hove n..~lt11ively 
rmxW.sl nt·,,~'lif.; the LAms:r ond Mai~ jni1iotive$ 
w,)l,ild <l<!m.Rnd $uh.,;,1Antial 1echnology deye)op--
1nem pMgrams. and significant increruies in 
high ly l'>killed pel'!lonnd and instihitional 
facili1ics. Tilc need for a dedicated, enthusias-
1ic, and tcchnicall)' competenl workforce nn u!I 
nol be minimi7.ed; the Lunar nnd Mans in.itfo-

lives would ho1.h n:qu.ire a si1:,rnificant incn:-a.ise 
in huuw.n resource:1.. 

'f he current lc,·el of definition of the ini1i1ul\'cs. 
pt1.11icularly lhc Lunar and Mat$ initia1iw:$. is 
r)()4 ad,;qu<•lc: i,o re.a~ooab)y <"~im.ate thcir c~ts. 
Bui wl1ile it wa~ tH,C .ippN.1pri;1le 10 altc:mpt to dc­
l~rmine the abwlute le\·el <)( ~lW'Un:.es required 
by .-,.,itr:b, i i wt1:11 N':.'ll'(ln;.\hle to~tim;de llie rel;.1-
1.fre le,•e.l.i. through 2010. For e;,d1 initiali,·c, 
after the elornl!nL ... riot indu, led in c.; \Jrrt-nl NASA 
plans were identified, tlie ma.,~ an<I i. ixe,,( t-t1;I, 

were est.ima tcd in order 10 determine t.he tr:tnl<>• 
portat ion requirements for that fr1 itiati\e. There 
was no attempt. at this early slagc. toopllmi:u: 
the transportation system, 

Figure 14compares the rcs,ourecsrequircd b>• 
lhc four in.itia tivcsdurintihc next five years. It 
is important to Wlderstand the level of effort 
needed to 6Upport a new initiatfre during th is 
period. since the country wiJI allk> be rd)•ing on 
the civilianspaC<" program to rclum the Shuttle 
to flight, to reinvigorate il5 lr.inispi»1aliott .,.-f­
tcm. and to <a>ulinuc&erious prep..v.1lio11ij for Ll1c 
Space Station. 

Tiu, Lunar, Earth. and r Janetary iuitia1j,•cs 
""'~ 11tl 1.a.ke ahou1 Lhe flame 1c,·el of invest.men, 
lhmugh J992. TIM~ im'eslmenl in the Lunar in­
itiative would lie primarily in technology and in 
llarly tnulSportation de,·cloptueul; iu the Earth 
initiative. it wouJd be LWl;t:ly in thedevelopw~nt 
of the polar platfornn>, data handling &y&km, 
and trans portatioo; in tbe f'laoeta.ry inilia tive, il 
""·ouJd be primarily ill we hn\llogy, Md in rendy­
ing tbt C(m11-.t lleni,-;oows ASltrilid F'lyl_,,· thi&­

sioo for a 1993 lnu11ch. 

The M11f'l' initiolive ro-1uirefl 1h1! larges11:hromi1-
m•.:.n1 in die early yt-,.ar.li. TI1is w(11_1ld beprim-,ril)' 
011 i f!vi"_Q Jn11'1H in lnln~r,on111ic'>r) ell'm~nt!I 11:nrl in 
life !l<!it'.nce rd11terl addi1ions 10 1hc Space S1a-
1ion. Transport.inion and SpaccSt.ation use have 
nor been op1imi zed. so some rcdue1ion might be 
possible. The mcssa,gc, however, would not 
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<:li:mge: Lhe country would haYe to make a major 
investment in the next fi ve ycan to land people 
on Mars in 2005. 

11iecomplexily of OOll1 tJ1e Lunar-.-nd Mae1 in~ 
itjafr;cs in tJ:1e year 2000 dem,md& tethnulogy 
developments early in the prog.rm1). 11ms, 
through 199'1 the ffi;)j,Orily of 1he Lunar inilia• 
tive, and ti s ignilic,1111 portioo of l11e- M:ll'S initia• 
th·e, wouJd be ovmprised of th(le'le h~(:lrnology ac:­
tivirieg "'hieh ll)y the groundwork for the inilia­
tive. Like~ .,riy ""'ork in 1ran5portution, lha.ru is 
considernblesynergis-m in the early technnlogy 
requirementi; of 1hei;.e two initittli,,.es. 

Fi?re 15 compares the initiati,•eg through 
2010. TI1c Lunar and Mars initiati,•et1 are nearly 
an order of magnitude greater in programmatic 
scope than the Planetary and Earth inili<1l ive,o. 
The levels of inve.stmcnl in the Earth am.I Plt1n-

PROGRAM SUPPORT 

COMMON 

INITIATIVE-SPECIFIC 

elt\ry inilillti ve:$ Jleilk i.n 1h~ early-10-mi<l-1990:'I, 
an,I I hen de-crea.~ to !eve.Li. which remain fairly 
cons tam through the fi r.;.t decade of the next cen­
tury. The Lunar initiative does not require ex­
traordinary resources through 1992, but the 
commitm<:nt builcb substantially in the mid-
19905. It peak& in about 2000. at the timeofthi.& 
initiati\'e •5fin;t human 1unding. und 51.ays high 
through 2010 as the outpost is developed i.nto a 
permanent h.ase, The loCal lc,•d of effort throt~gh 
20 10 i$ large, and rdlccls the .imhitiou$ ;:1p­

proach to the ._.un:slruc.:lion of the lum:u- IM~­
Howe,'er. the n;ttun: .,r1hi$ i11il iu1 i,·e allow• eon .. 
isiderable Oex-il,;lity. For- ex~rf1J)le, the out1:M)IJ,t 
m<1terialt1 wt11ll he ddi,•e~I to the $url'~~ 
r.ipiJly or- :.d a more delilw,rate J).'¼Ct; certain 
t;.,pal,il ities uf tht outpost tx.iuld he ~n,pha.'tized 
~nd dtveloJ~J before otheri; or tJle transition 
from a temporaril)· occupied outpost to a large 

PLANETARY EARTH LUNAR HARS 

Fi(Jutt 14. 
R~ R~ui.ried by lniti11t.u·t-1 through 1992 

f'iKure 1S, 
Rt-lKIW'C~ R"'fuin:,J 1,y l11ili3li•'1:11 1hn:,ug.f, 2010 



pennanc nlly ~,aired ba$t: could be d elayed. Any 
of thetse ()()ticms .... ·ould significantly reduce the 
investment through 2010. 

Altho~h the Ma:rs injtfo tiveoffe rs 1he greatest 
amount of human and tech nological drnm,1., it 
also demands the greatest inve$tment. 111e Mara 
ini1it11ive definition included only those ele­
ments req11ired for1he lhn,e i;print missions, the 
last in 2010, i;o 1he level ofinve&rne ttl shown 
is anificially low between 2005 a nd 2010, 'Jlm 
magnitude of the iniliuti,·c indicates a large 
commitme nt of resources, and the tirn~lb 
dictates that the investment pettk in about 2000. 

ft is p<,cJ8iL1e to ~ foce tl,e early irwestme nt to 
a Je,·el comparable to l11at of 1t1e other thr<,e 
initiative!. by allowing the fir.,t lmman 1amling 
toocc-u.r in 2010. ratlle.r than in 2005. Tiu:! 2005 
landing was selec ted a t the oulSct to ac-hie,•e the 
major miJeis:touc "''ithin two decades, but this 
analysis suggests tlutt this ground rule may ttot 
be appropriate for the Mars initiati,·e. 
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EVALUATION OF INITIATIVES 

To this point. wc.havebceu oon6ideringfou.r t1~ific .i.nitjaliveis. e.t(;.h 
of which would, if adopted, pnwide le.tdert1hip in a parlicul;,r~rea 

of &pace endea,·01._ Now ii it1 import,ml l<> dim:m:nliate l,elw~n an 
iuitia1ive an<l a &lrotegy. A 1:1tralegy proviJ e1:1 ;an C),•er;1l1 fmmew.;,rk and 
d i.reetiv11; it idtnlifies mH.I prioritize~ g't>.1I$, :.u1d defin~ a oourseto ausin 
tbem. An iniltaiive elwuld b.-:: .i.n eleme nl of a sllategy; a part, but only 
o part, o(the h~rgerpiel.ure. lnitiutives "''ould. of course. be best judged 
in the oonte.Xt (,fa atrategy. 

A J)l'occss to define and evaluate candidate strategies for the c i,•ilia.n 
space program is being dc,·eloped at NASA. Thit1 procts.!1 will seek LO 

identify possible stmlcgiei;, then tuU!t:~i; the likelihood of succe~ o.nd 
po55ihlc implications of each. The)' will becvaluuted in rehnion 101he 
existing and projectoc.~ cm'ironmtn4 und 10 the wirious conditions which 
may influence 1heir- 8uCCciH1, ilueh a~: 

• NASA'lf 11trenglhl!, il" "''tAkneAA~, an,I iu, culture 
• E:<tem.-1 threatt 11, U.S. leaderi.hip 
• Opp0r-tuniti~ h) exercise leadership 
• Optimistic and pessimistic scenarios of uncontrollable factor~ 

l.\'hich inOuc.nce NASA and its ability to carry out it& charter-
• Titc. existing U.S. space poJicy 

A succeuful M~ Hon·r/Samplc Return miuiora bias/$ Qlf~co.rr,-fr1g iLt 
cargo of Manurn sampk,f hcv:k lCI Ear-1/t. 
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As polemillJ s1ro1egi.-:ia are moiiified in light of 
these foc1ors, 1he reeuh should ht! a w t of 1..-0 
or th~ di1,t inc1, viub1o s trn.lCgics wltoi;c 
resource requirement.s1 threo.16 to 1:1ucc~. (uld 
implic:ationi;. t 11 NASA rmd the notion are weU 
dcfint.'() 1md undcn.cood. Altb-0u,i;h this proc~ 
ii OOintde,·c.loped til N.ASA, i1 is not NASA's 
role IO determine the overoll strategy for 1ht;­
ntufon ·s Ci\•ilinn sp~ce rrogrom: 1h :11 mlL-<ot he a 
no1ionoJ decision. NASA shouM, howf!v .. r, h., 
f)rCpore<I 1opresent ,·iubleop1ions. Th~ pown­
tiAI henefi1 of this f)N:>Ce;<il'I il'i evidenl. It <·an rc­
•mh in acohesh·c stm lcg)· 1ha1 ia consishmt with 
ruuionaJ goals, is based on o roaJisticupprnisul 
o( NASA •sstrengths a nd wcnknusst.~und 1hc utl­
tion's willingness 10 pun.me it, umJ is resiliem 
to c hanges in the inlemutionul 1•m•ir(>ruflt 1H. 

Ideally. of cours<", a ~lratt:gy wotihl aln:m.;ly ht 
in place. Then ~.ach initjati,·c c;~uld lw. judged 
in light of ikl comp.-tihili1y ~il), the over'$.ll plan. 

While stressiog the need for ..a <;9mpr~lomsiv~ 
ilnnegy, ~econ nevenheltt!-Soonduc;t a J)n:limi­
li.fU')' ussessment of the iniLinti\·es, rec;0gnh:iug 
1htu the imronont ron,;id~rntionsan: the quality 
of 1he progmm. NASA ·El a1)il.il)' loc1:1.rry il out. 
and 1he public's willingnCc:$1> to support it. Ju tbt 
procci,,s of this m,•aJunt..i◄►n,. wcciln M:ethe e le~ 
m~n~ of~, potentinl 1:1tna1t:gy begio to e nier&e, 
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Exploration of 
the Solar Systen1 
In 1hc I 960~ 1md l 9i0s., pla.o◄"' ta1')' exploration 
w89. a vi1al and impor1.an1 romponenl of th~ 
United S1a1cs spoce program. Ho~·evcr. while 
other na tions arc now vigorouAI)' punming iwlu.r 
system cxpJorinion, Lh~ U.S. ha~ l11und1etl oo 
planetary missions &ince 1978. 

Whal does the next decade hold in store?The 
Soviets have au.uounccd d1eir )ntt:nt to 1,1u11d1 
thrccambitiousOight&toMarsby 1995, ,u,J.a 
Man; 11,amplc return mi.~jo,1-by 2000. H thf'y .are 
$0(."(!csi.:ful with their ne\'l·~gem::ndiun "vace• 
craft. and can cor• Ii nue I IJ for)Jt t;f.ll1fte.rnth e ag• 

rcemeuh1 wid, Cu1'(1pi;:t.m nal!OtL~, !hey will 
cleady h~\'t tlit: gre,11er nu)menturn in ll1e cx-
1,loralion •Jf MaH• by tlu!' uUd.J990s. 

TheChninnun oflh t• NASA Advi~ry Counciris 
Solar Sys:tem l-:xploro1ic1n C.:..munillte has eJ(­
prcssed hisoone,-em uboul !'I.lore tbao the e:<plc>­
rut..ion of Mu~: ·'If ,._,cdo notcontil'lue cocorry 
out , h~l!oe chultcngi ng rn ii!i!iMS to the outer p Lan~ 
cl& and come~ and a511er0irls, we will qukkly 
loee the l i111i1£>d momemum still remaining . ., 

'T'he Sohar SyMt::m E xploration Commiuec has 
(levi,se,<l a ,;,LtaJegy for pJanctary exploration 
thruvgh Lhe >·ear 2000, which presented "'the 
minimum-le\lel program that could be carried 
out in s cost--e(focti\'C· mamter. and would yield 
c-0ntinuiug rctum of sdeutific result!,•· NASA 
should embrace this Core Program, 

Thi~ Mur.J Rm:-t.:dSampl,c R-0tur11 missioo i;i: 1h.e 
ct•utcrpicct or d,e Solllr Sy$lem £,rplomtlol) 
Comrniuce•s: n:-com.inet)ded augmen!Otion 10 iu, 
(.;ore Program. This is ta miS$ion (If hold Af:it>ri-­
tific e:cplorntion and high 1echnc,logie11l dmma, 
ttnd a necesSllry 1rrecursor to the human t:.xplc,-­
ro1ion of l\'1ars. The: oplion for11 1998 luunc:h (1...,,0 
years later 1hun 1he 1996 da1t, propt,stxl in the 
initiative) should ~ prnserved, 



Ahhough lhi:: .\far.~ Rm.~r/Sampk Return ·was 
p.re$en1ed as, a U.S. mission in this initiath1e, 11 
oould h e perfonncd in cooperation with our 11). 
lie~ aod/or in coordination wlfh th~ 54,,,iet 
Union. In fact. planetary explorutio,1 ik well 
suited to intcrn11tiom,l coopern1iM . The U.S. 
couJd benefit 11-igniCicandy by (X)(1rdi1tating its 
Mars Ob.sem:r wilh d1e 1lm;,e i.ophiMicated 
Soviet mini om~ to he lt111m;:hed for Mars over the 
n1::'<t $even ye;,s~. Cvo,dination of these early 
flightt'i, and e:u;h~nge of resulting data, would 
leave the U.S. better pl'e:parcd to undcnake a 
MariRooer/Sf.lmpk Retum mission, whether in 
coo.rd.in-1livn will, 1he Soviets or alone. 

MunclAry ~xploratjon ne«I m.11 ~NASA's pri• 
mary focus, but it offensoppo111.1 11jti~ Jo exer• 
cisc lcadclllhip in the inlc:1•0,1ti1>naJ arena 
through tU19'llliting nod ~trlfo:iJlaLing in coalj­
Lions to achieve objecth·~ ~hich arc consistent 
with U.S. goals. and i1 can provide ittt_portant 
precorSor infonna1ion for eilh(~r or the larger 
hun)a,) exploro1ion iniliat.ives. 

Robotic planetary cx11lor11ti1)n should be oc1tvely 
.supported and nu11ured wi1hin NASA. Ah.hough 
it doc& not have 1he im111C1'.!iatf> relevtmc,e of the 
~li!Sion lo Pl11ne1 [ Arth, or the excitem.>nt of 
human cxplordli(,c1, i1 i$ fundamental science 1ha1 
challeng~ uur technology, extends our presence. 
and gi,·cl! l•:, .a glin,p$e of ocher ,,:orld&. AA such, 
it enjoy'!f wi,lei..preAd publ.ic intcm!t nnd w pporl. 
A1d.-:iugh not necessarily at thepocc isu~l(,cl ill 
thif;, iohiative, planetary cx:plomtion ml~l lx· &<>I~ 
idly supported throUJi;h the I~-

Mission to Plunel Earth 
~tiS!ion to Plttrn:l C.-uth i.!\ oot t11e sort of major J>l'>" 
gr,uu the J>ol,1ic; nun:i.-.aJJ> as!iOCiates ·""ith an 
ogtncy foirlQUil for ApoUo, 'Vikfr1g. and VOJ'Ugt'r , 
131.11 this iniLi.ative is a great one. not becaUt1c ii 
offe.1,; lrem~ndousexcitcmen.t and ad,·cnture. but 
beca11i;eo( its fundam4:nlal ituportaooe to lnnnt"tf•M 
ity';; (utun: on ll1ii. planet. 

Tl1i~ initimi\le direc.dy ,..-kl~i- 1.he problems 
1hm "'ill be lilcing humanity in 1tw. coming 
declldes. 1.md ii$ continuous ~ ientific rolum will 
1H1"Jduce-Milllh.s which are or major l!.ignilicunoe lo 
a ll the re.'ildent.s of 1he plunet. The benefits are 
f.'lear 10 11 public ,hu1 is "iucrea&i.ogly ooncemeJ 
abou1 globul cm·irornn(:nLal problems like 02:one 
dcplc,'1:ion. huildup of greenhouse gases, rmd 
ooidificnlion of lakd rmd fo~1s. And ns 1he 
crwirorunenL sud its p~eiva1fon become moro 
pre8!-ing i8!J4•~. 1he illi1fo1h•P retain;; i1s impor­
rnnce ((l,r nU1n)' Sffll (>J'flliom h, come. 

F<>r d1is rCMOn i1 shoold enjoy i.:11ri1.aim1d public:­
and Congre.<isiot1al suppor1 nnd mrerE.-i;.i, Th~ U.S. 
i$ 1.heonly oounnyeurren1ly copabl,~ of foading. 
a Mi:1$ion to Plane, 1-:.a.nh, b111 1he prog:rwn is 
<14'-~gncd around, and requiw.., intcmuiiomJ 
cooperation. Admittedly, the initimivc's int<.--mu• 
tional !,COpe could eomplicnte ils coon:linB"Li(,cl llrtd 
impJemcntation, but the t-onoc.JIC embodied in the 
initiati,·e cnjoytl widt-S:f)A:'i.141 inY-n~tUi(it\t'tl l\Uf•~ 
pot1, A6 mrxe und rnon~ (:(l(11ltri~ OJe facing 
cco1ogical problem"• tht!re i!li il'l<"t'ea'ling interest in 
11 glob.:,l tlJ)pn'll.\l;:li. Jn fact. thii. corw:,cr>t is s.ur­
pt11'1f"l'I hy~, ·ernJ intema1ional organizations, and 
,o.<a > emerge as a theme for the International Spuce 
Year, 1992. This initiath·c rep.resents an impor-• 
1ant opportu:nity for the United State& to e:tel'("it1e 
leaders.hip in an increasingly signifwnf"lt are~. 

As.i t1u:i Earth System Scicnccg Commiuee 
"••~1.9., NASA is a natural leader for u Mi.Mion 
to Planet Earth. The Nationlll Science Fom)(l.a1i1;n 
and the National Oocanie und A1n.-.~1-.llf•ric Ad· 
min..istration will play i.mportanl role!, and in1era­
gcncy coordinntion i~ r,n1ci.al. Bui iioce the major 
focm L5 on ~tdi<J11$ f,,,m space and the coor• 
dinallcm tm.:t analyi.is ohhCM" {and ~nd-bascdJ 
~atio~ NASA is uniqucly suited to le"-00 the 
dfort. ft ii11 a namral use for. and extension of, tmr 
1ow•Ear1.h 01hltal facilities and capahilitie!I, 1mtl 
i,-cmld not S.C\'Crcly drain rcsouroes from e.x-~ing 
pi-osrams. This is an initiative well wi1)1in NASA•~ 
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cni:•iihilities, aod oouJd be carried oot with oo, 
rmdirfon~I commitrnenr 10 excellence. 

Should NASA ilo i1? Virh1t1lly e,;eryone ex~eJ 
1,·, 1hi1 ini1i.ali\ e reoognitetl it~ fund:un enral im• 
pol11m<;e, aod 3{;ree<I th.at "whatever we ,fo, '11.'e 
have todo th i.s": but some fch it ina.y not he bold 
and visiou.ar,, c nou_gh to stimula.lc the increased 
funding necessary. The National Commi.ss-fon 
ou Space conducted numerous public sessions 
on the space program. and .solicited and re­
ceived commt>nts from a wide Cro66-!:i«tion of 
Amcric-ans. Tbe Commission's report list& a 
series of points .. brought forward repeatedly" iu 
those public SC$;iOrls, Oue of dtt:&c was the con­
cern that -.u1y new puish juto 6pace tOl.161 supple,. 
ment Hvil'tg on Earth .... Don't abandon ow 
home pfo:oei!" 

Plans sre ulrt" .. .ady under "''ll)' within NASA lo 

unden.ttke asuhse1 of this progrorn. ThcE.unh 
Obs.ervingSyste.rn, which oonisiist~of twll NASA 
polar plntforms. is being coonlinatcd with tlic 
corrcgpooding ucti,,itie11 or d1t1 Euru()citn SJ)oce 
Agency and Jt1pun. 'M,e fi r~• NASA phnfonn is 
pllr1 of the PhW!oe I Space Srn1io11, Tilei!t»:1nd 
platform, 1he in~LrumCnlil, 1;1.nd 1h,~ 1lay1()3dS 
n:nu)iu ~•nappn)vet:I. An,I Rhhough 1he E.arth 
Ohsen•in8 Syi.tf>rn would represent a majot'sta l1, 
ii i~ not sufficient 10 fo lfi II aJI the ob jeer fr es of 
1hiJ1; initiative . Critical acti,•itics for the 
immediate fu ture include the coordina tion of 
F cdcral sp;cncics, and the strengthening of 
international agrcemen1.s to facilitale the coordi­
nation of thi& international effo11 . 

NASA &hould ernhrace ~fi&liion lo Planet E.utl,, 
'fl1i6 initiati,•e i& re6pon'6ive. lime--c.:ritjc.-1. anJ 
1Showis ~ rccogu..ition of ourre~pom:1iLili1y to our 
home pl.met. Do wetla..e -'1>1'1)' QUl'1;:tJ)a.hili1i~ 
to exJ)lol'e 1he m)'t,l~rit!i of other worlds, and not 
i:1.l:,() appl'f Lh(ltle <'.:lpahiUti~s lO l!:XJ)lore and un­
del"olt:a.nJ the myi.teriea of ouroY.n wurld -ruys­
leries which may hal'e irnporta.ut fmplic.at.ions 
for our future on this planet? 
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Humans to 1'1ars 
E .. pl.,Mni, pr•l!l,l',ecting, imll ,e1tling M,1ni are 
cleatl) the u lti,n:.ue go;\),1 c,f 1he next $1,!ver;)I 
decades of human exploration. 8u1 "'"hat s1ral• 
cgy should be followed to attain those goals? 

Art)" expedition to Mars is a huge undertaking, 
"'·hic h requires a commitn1cnt of reaoureei. 
"'·hic h must be sustained over decadE:t,. Thi,; 
task group has cxarninc.-d only u1m possible 
$Ct:nario for a Man. init..iarjrn - a sccnwio 
dci..igut,J to land humans on )-la.rs lJy 2005. This 
ti,nescalt requin:s ao cady uod significant 
it1\'et1tmeot in technology; it abo demnudti ti 

be(IV'f •lift launch vehicle, a lurger Slw1tle fleet. 
aod a lransportolion depo1 at tbeSpaceStMiou 
neartJ1e rum ofthecemury. T his "'·ouJd requi re 
nn immedfo1e oommhment of resources and an 
11ppn:.111inuue. tripling of NASA'$ budget d11ring 
1he mid-1 <>ros. 
Mo~ important. NASA would be hard pressed 
lo carry th e \li'eight ohhis ambitious initiati,·e in 
the 1990s without 6e\·ercly ta.,ingcxisting pro­
grumt', NASA '!!i av.iiJablc- re$0urcel!i'. were 
$lt ainc-d tu the ljmit .flying niue Shuttle night& 
in one yt:.ir. II will be .. lifficuh loMhie,·c !he up• 
er;.1tio11i, ..:&J.1.;u; ily l() l(t1,J11d 1 ;,md c;()uln;l 12 lo 14 
S h1.J11 l,e Oig.111~ pt:-r )'<=~• .. a m! lli,;.~rnl,le, l~I, ,md 
1,:uuti11u(lu!>ly 1)1.e1tt.te a S1>-1.t:t: Statiuu J1, tht! miJ~ 
l9'90A. It y,,ou1d not h~ I'll iSI'! lO emh:uk (10 an :tm• 
bilious program who.-.e requil'eme nts coold O\·e.r• 
whelm 1.hose of the Shuttle an11 Spsce Station 
Ju.ring the critical next decade. 

'TI,i.,,,~ugg~~IJii; l.lutt we>1hl)ulf1 rl:\· i~ 1)11": grouod 
n1le~ ;i,,._1 t...vrisitler <>ther appro~r he;. to hurn:tn 
r.:xploration of MaN. One.a)temati ve i!> to retain 
the scenario dc,·elopod here. but to prooccd a t 
a morcdclibcratc{but s till agg:res,t.ive) pa«. and 
allow the first human landiu.g tooccu.r in 2010. 
This spreads the in vestment over a longer 
period. and though it also dda.Y$ the 6ignifo:ant 
uti.lt"itones and extc-nd.& the length of commit• 
W t'ltlt, itgn:atly redut·~ the urgency fur Sp,,'-'~ 



Station evolution and growth, and consequent!)' 
for trans portation capabilities as we ll. 

We rnusl pun.uc a more de libcr.tle program; thi11 
impli.,i; dull we should a ,·oid a "race to Mans,., 
There is the very real d anger lhal Uthe U.S • .1n• 
uouncesu human Mans inilialive al liiis t ime, it 
could escalate into anoth er space ruce. Wlle1her 
such a race wa.a :real or perceived. there "''(M11fl 
be oorus.tant pre&&ure to set u. limetabli,, to it(:<;el­
ero.1e it if pc>&Sib1e, Md to ovoid faJling behind. 
Schedule pressures, as the Rc,ge.rs Cc.,mmiasion 
omed, CM h,wea very real, adverse effec:t. The 
pressu.re cot1Jd make i1 difficult to dE!liiign a nd 

impleme nl"' pn:,grom wh ich would have a s trong 
fc.nul{l1d i1;,n tttld atlequa1e momentum to sustain 
ilklfl:,e)'ond 1he firs t few piloted missions. This 
c:uulJ tur u a u inh iative- 1ha1 envi.sione. the even­
tual devclopnte nl of a habitable outpoe.t into 
.;mothe r omH,hot spectacular. S uch a de-ad~nd 
venture does no, have the suppon of most NASA 
penonnel. Nd tJ1er. according to the National 
Cummi.s..,:; ion on Space, does it have the $Uppot1 
of tho public. A .. theme brought forward n:• 
peatcdly'" in the Commission"sextetush·e public 
St..-ssions v.•as .. a s trong wish that our ne:d go;.tl 
for pilott..-d i;paccactivily 1101 bti .i.noll1erAp,.J.lq 
- u one-sh ol fora)' or a politict1l illm t. •• 

THE O FFICE OF EXPLORATION 

Ou ring the majority of thiis work.. tl.ere ""'i.15 no 
focal point within NASA for$lUdiei$oo l,un,..,, 
exploration, Recognizing lbiis ddJciency, and 
OOoviing one of the early recommend.utioue.of 
1hi1; lj:tudy, the NASA AdmiW$trator M$c&­
tuhlished the Office of Exploration lo r,md, 
direct. and ooord.in;dt ,,,mlit-.t related 10 

human e,tp)c,r.al it,n. 

Both of the human exploration initiati~esde­
ocribed in thiisworl. were generated in a work­
ohop or ta&k force envin.•nn,e.nt. The three to 
four monr.hs devoted to their formultttion wew 
ade quate only to d~velop the starling poinl for 
in-depth studies. The Off'ice of F..xplora1ion 
will be re1op.:,01tihle for coordinated mission 
l!,Cludie11. to de ,;•dop these and other &eenari03, 
to assess mission concepts and M:hedules, 
and to study tr.'l(lc, •. (10'3 in rf'ttuirements, 
technolog)', traMp,Ort1111ion, &tld facili ties 
utilization. Ad,·an~ d 1,e,r.:hnology and trans-

portall"n re1.1uireme111.,. c;.1um1)t he devel~J 
iu a v.;H;u\1m. 'T1,e$e rniiri!iion studies "'ill pr~ 
viJe .a c..:I.Hlted fvt plannrng: le<:huology and 
tranl!portiili()n (lf.vt>loa:1n,e,u and Space Sta­
tion '"·oluli()ll (and s1udie!I in these areas will, 
o( <;()Ul'$e, (ood back into the mission 
scenarios). 

11,e establid1.m,e:o,nt of the Office or f.xplor .... 
tion was an important step, Adequate e.upport 
of the Office will be equally important, and 
will be an indication of the commitment to 
lon,:-tcnn human exploration. There is some 
oonccm amongobSt".n·ers 1hnt 1he Office w& 

created on.ly to pla cate cri1ic!I, noe IQ provide 
• ~ riOll.$ focuiJ for humi:m exploration. 
Studie!t relating 10 human explomsion of 1he 
Moon or Mars c urrently command only about 
.O.'i fl('n:e.nt of NASA"t. budgci (aJ>VrOAimately 
I dollar out of 3000); thi~ is not tnoogh. 



nu~ sacenario describ«I in this n:port i.s u 
rational. sustained program, lending lo 1u1 oul-
1'.lollit and eventu al pcnnancnt base on Mu~. Bui 
there is some fear that it ie lmimeptihle lO t rilJ tS• 
formation into o stun1. 'f'hi-11 oould ,n(n1g_age rhe 
viable &pacol" progrMn wt h,)JW" to ha\!e in the 
199CM for 8 ··~pec~ta<'ular. ·• whfoh may have few 
lai,ting lxnefiu,. 

Settling M;u~ 11h.,,1IJ lie our e\'entuaJ goal, but 
it shoo]\! not ~C)urnext goo.I. Sending people 
to am.I from ~l,1n:1 is nol th~only issue im·ol\'ed.. 
Undtnst;.lnding tlu~ rec1uireme nls and implica­
t ion$ o( building and sustaining a permane nt 
base on :tnt)tller -.-·urld ii. equally important. We 
!f.hQuld adopl a i,;t.rah:gy of tt.lltural progre!S$ion 
which lea,J.s 1 htt,:p b)· s tep. in an ordc-rly. un1mr­
ried -.-·ay, irmxorably Loward !\tan;. 

Outpost on the !\loon 

TI,e Lunar initi,ui,·e i& u logic.:,11 r,.:111 of :1 loog­
range strateA)' forhumnn ex-plo,tiifon. The: N,1-
tio,ta) Commjasion on Space reoommended tl1at 
the U.S. foJlow n .. nolmal Jln>i,'l'e~siflfl for futuru 
i1>ace ac1ivitifffl within the wlar ~ystem,"' a nd 
concluded 1h01 the na1ural pmgrei,,i;ion ofhurrum 
exploration leoda next to Lhe Moon . 

TI1e establishment of a lunar outpoti.1 woo Id be 
a significant step outward (rorn Earth - a .step 
that combincead\·enturc, $4;ie11tt, 1echnolog>·• 
and perhaps 1he seec:h1 <.f enterpri!\I~. F...xplorin.g 
and p.l'Ollpet;ting the M.:,on, 1,!arning toLLoic lunar 
rel!IW .l'Ce~ arid work -.-·ithin lunar constraints, 
w(,ml(I provide the experienoe and expe11isc 
11ect:,;;11<1cy for fort her human exploration of the 
~olar sp.tem. 

The Lunar initictt..iva ii. a major undertaking, 
I .ike the Mars initiati,•c, iL n:c1uiroi. a na tional 
<·ommitment tha t 1>p1m.s d c:cadw;. It. too, de­
m1mds un early iu,·at;trnent in advanced teelmol­
<>g)' , Earth -to-orbit I.Jilr1.sport1nion, and a plan for 

Space Sta t ion evolution. Even corisidcring its 
gm.dual t1volutiou over the li.n.t fo·e yea.n;, the 
amb itious b ujldup of the lunar outpos.t en­
visioned in 1his scenario would require a hi~h 
ltwc.l of effort iu the mid-16-latt 1990&. and · 
would placea.ubslll.rltial dema1~ds oo ln'.Lru1porta­
tion nud 6rbital facilities. T hi& i& a period wheo 
resour<:es may be scarce. 

Ho-.-·ever, tl1isa ini1i11tive iS, quite Oe,cihle. 
lt<1. pace cau be controlled, and more im­
portant, adapted to capability. It i..s possibJc to 
lay the foundation of the outpost in the year 
2000, then build it gradua lly, to ease the burden 
on transportation and Space Station at the tum 
of the ee nmry. 

'111e Lunar iu.itiatl\'e is d~igucd to be evolution­
ary, 1101 rcvolutjouary. ltely'ing on the Space 
S tation for tsysteihS audiu.1:..-sytt~ms. for opera­
tions experience. tind for technology d evelop• 



ment nml lf!E;ling, ii builds on and gradually e1t-
1end.s uxifiling capubilitfr:&. Many o( the S)'lHem, 
m.•t."<led for rcacl,ing ouLward to Ma.rs could be 
dcvclop(.-d ond pn>,·en in theoourse of "'·oit in 
the Eurth-Moon region. h is l)Ot (lbsolu1ely 
necessary 10 establish thi~ 151epping i;1on-,, bu1 
ii certainly makes sense 10 goin experience, ex­
periise, and confidence nearer Eanh fiNll 1 and 
then to set out for Mnrs. 

Thi~ i.tudy did not include an asscs.sment of the 
level of public .support for these initiuti\·c3, 
lfowe\ler, there is considerable tsentimenl that 
Apollo "''as a dead-end venture. and we ha,·e lit­
tle lefl Lo show for it. Although thi~ IMl: fo.-.,_,e 
found some who dil!-miuc-:J thi3 ini1ia1i,·e 1-w,­
causc .. we\·e been to the Moon,•• it fwnJ many 

more who fee) thal thi!;generatfon !ihould con­
linue t.he work hegun by Apollo. 

Al1hough exploren; h1we reached the Moon, the 
Moon has not been fully explored. 1ltis iniliath·e 
would push buck frunticn. no1 io ot.hievea bloie 
of glory, but to explore. to undenuand, to learn, 
und to develop; it would plaoe 1..heApolfo Pro-, 
gram into a broader context of oontinoing ex­
plortttio,1. s 1:ia.nr, iog several genemtio-n i, of 
Arnerictt11$. And i1 fits h,eautifully into a natural 
prog~ion o( human expansion 1h11t leads 
"from 1he highlands of the Moon to the plains of 
Mt'ln1." 



56 



CONCLUSION 

0 ·.-er th~ l~l 25 yea.rs. 35.! a rei.uJl of thc- eu..:Ce,l,$ of programs lili:e 
Apollo, Slryltlb, Viki~, Voyager. and die Sp.1c.:ieShutdc, the Amer• 

ican public hut<'ome l(l ex-peel Lhis cow1Lry to lea(I the world in space 
science, &f>UCeexplora1icm, undspaeecule1vl'i~e. Dul during the 1~. 
membenihip in 1he once-exclusive club of sp;u;ef a.ring nations hais 19"""1'1, 
and our leade.f"!'lhip is heing challenged in many areas. 

ln today'~ world. America dearly cannot be th~ feuck:.r in all sptite en• 
dea,·on. But ..... e will be the le,u.for in very fow unless we nH)\'e promp1ly 
to develop a 51ra1cgy to n-g11in nnd rerain lcadershi1> in lhO&e ru-e;1i- we 
deern iinports:nt. 

Lcndership results from both 1he1;apabilitiesa c01.1r11ry hti acquired nnd 
1he ac tive demoni!twtiou of thoi,e capabilitje&, 'nu1i, 1he strategy we 
c.hooac must IU)' 8 strong foundation of .scientl6c ,e,;.earch and technology 
de,•e.lopm<:nt, aod mu:sl include visible . sigi1i!i~an1 accompl.ishrne rH& 
that dcmon~lnt1e the 1;uc;oesliful pur5uit of c:>or .stated goals. 

Tostimuluie -' d ilcu.ision of the fu1ure of the U.S. eivilia.n~paoe progmm, 
four potential leaders.hip initiativ~ "'·ere develOftOO. Eacl:t fit~ comfort• 
ably unJerthe untbrdJa of NASA ·s ch11:r1er. each contlllm visible mile­
.sloneti within the next twodecad<'$, andeac;h roquirri a.sc.lid fou1l(lation 
of le,c;lmology, tran! port.11\()11, And orhital focifj1ies. 

J1 "''ould not be good.strategy, guod science. or good !'JOii.Cy for the U.S. 
to select a!;in,gle initiative. then J>ursue it s i.ngle,mindedly. The purSuit 
of n !'lingle iuitiati,·e lo 1}1e exclusion of all oiheD rei.uhs in Jcadc~hi1> 
in only II lim.ited rallge of space endean,r . 

• <\ strategy for the U.S. t,paceprogram mu$t be carefully s-electe(I w h1• 
con!i!teul wi th our nmiorntl 1.U:µiration~ an\i consistent with NASA's 
capabi1i1ie11. h is no1 NASA's rol~ todetennine the strategr fo.r the civil­
ian sp~c::e program. Bui it-is NASA'& n.,le IO lead lhc debate, W i:•ropose 
technieell)' feasible options:, o.nd 10 n1akt thoughtful reoommen<lations. 
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lt i!'I in 1his :opirit lhlll wt! ,,uggei-1 t11to~1tl ine of 
one strategy - A ~trategy of evu1u1io11 .iml nat ti .. 
raJ proJZ1C5sion. Thcsl"rategy would l:w..gin l1y io­
creasing our capabilities in trani;VC)rt.<tl iv11 ao•J 
t«.b.oology-not as goals in thcmsel,·t:$, but a1> 
the tlCCt:1!15at}' means to achieve our goals in sci­
ence .and r:.x:ploration. The mo.st critical and im• 
mecli ,;1te m:e-l.l-t1 are rd.ated. loadvanced trauspor• 
latir,n :,1,yi,tt1n~ lo $Uppli:m1~nt and oomplcmcnt 
lhP. S1•;it:e S1mHle. aod .1dvanccd tedwology lo 

enahle the holJ mi!i'~ione: vf the next century, 
Un1il we t.::m gel i,eo1:1le .tm.l cargo toauJ from 
orbi1 relial.,ly ,am.I efficiently, our reach will cx­
eeec-1 our gra.!5p; l)t1lil t,,,-e bt=giu the tedutolugies 
pm1)0s.ed b) Prvjei;t P,11hfir1der. there«litotion 
of our aspirnt:ion.1 will renmin •.wt=i:' a Jc:wde 
a"'·ay. 

11-ie stmtegy emphasizes evolving our caps.­
bili1i~ in low.f'.arth orbit, and u.!lini; tho.;c 
cupuh ili1ie~ tos1udy our own world and explore 
oihers. With lhc~ capabiliti~s. we would po. 
~i1ic1n oul'!!elw:~ to le,1d in characterizing and un­
dc~1,mding pluncl Earth ; we would also posi• 
1ic1n 1n1~d\'~ to crm1inue leading the way in 
human i:'.xpl,,ra1io11. 

Acoording to the NASA Advjsory Cour1cil's 
Taisk force Oil Coale. ··1tec:o~uized let1dcrship 
,,bsoluh:1) ~quires Lhe expan1;.ion or human lifo 
beyvnd the Earth, siuec huuwm c.xplonu.iou ii, 
vot:-of 1he roost tballengir,gar)(i comJ)t:IHngdi$• 
plnys or ,)ur@1>.tc-efaring abiUties." 

We should explore 1hc );foon forwh111 i t can It'll 
us, and what it can give lL-.-as a .«:icnrific lab .. 
oratory and ob.serving p latform, as a reM.Art~h 

:18 

and teehooJog_v test bed, uruJ ru; a putunt.ial 
twUJ'Ce ofim1:,ortru.H n:s,,uroe!, \\'bile cx1)lorit1g 
lht \ loon, we 'ft'Ot.tld learn LO li ve and ""'or.k or1 
i , hos,11le world beyond Eo.nh. ' r1lit should be 
dvne i11 an .,,,olu1ionary m11nner. ,md onti time 
scall.l thal it- t·oni;i.Hwut ~ith our <fe\'e lot)ing 
c~pttbilician. 

The nalum) progession of human exploration 
then le;u:I~ to )fars. There is. no doubt that 
,·xr,lr_,ring, p~pecting. and settling Mars 
,..huukl he the u11imntc ohjcctiw:s of human cx­
ploratic.1n. Bui America .~hould not 11.uh head• 
lollg tc,wan:1 \tan; ~·ee;hould ndopt a strategy to 
(:o,ui,lue. ;m orc.lerly exp;.misioo outward. from 
Esr1h. 

111e N:11ionnl Co,nmis.sion OJl Spaceorgea21sl 
Century Amen,·a ""To le.-id the explormional\d 
deve.lopmen1 of 1hi:. i.1>ace frcuuier, odvancio,g. 
~c;iem;.e, techoology, anrf "n1erprii=;r:, ond huild• 
ing-i11stitu1iom.: imd 1:1yi.wms thal makr: OCXf!5$i• 

bh: vai.t new re!1ources und auppon human set• 
tlcrncuts bc)'ond Earth orbit, from the h ig_hlt!nd.!I 
or du; Moou to th,: pluini. of Mun,.. ·· Thi• United 
S tates !J)8t.-..C program nccdl'! to define o c_-ourse 
1.0 make 1hi$ \'il!ion 11 rc.uli1y. 



EDUCATION 

An informed public is egsenLial to both the 
near-11nd long-terlJ) intere$l!; of the nation', 
civiliur"1 apoee progrttm. 'TI1e public needs an 
uppro1)riate lxise of kno"'·IOOgc of 1Seientific 
und tooh.nologicol isauea in order to r:nake 
educa1ed decision$ on !ipaoc-related go.Js. 
Ad<li1ion$lly, today's educational aytitem 
must JH'Oduce 1he high ca.Jiber&eienti&t.s, eo­
ginee~. technicians, social &cieotists, .:ind 
hurnanii.ts thal will actually mauage the 
laric-scalc space programs that ore now en­
vi~lOncd. lhis means cnr>turing the imngi­
nation& and intcn:8l8 of young pe<>ple at an 
early stag.e in their educational careen. and 
encouraging them toporsuestudies that will 
prepare them l(I ac1h•ely panicipute in the 
space program. 

''Unit-SI> the yout1, <>f this nation are ~tror1gly 
motivated to seek their careers in the often 
difficult Gelds of $Cience and technology- of 
which sp;'.lce is u particularly exciting .ind re­
warding COl.l$1iluenl - no arnounl uf rederal 
progi'n.m empha.'tii. can by it&e1f ~vstain a 
loog-tenn leitdership rolefortl,e U.S. in civil 
spacenc1ivilie1i." U.S. Civil S~ Program: 
An A/AA Assessment, 1987 

•• As revealed in a receut no1ion11I survey of 
student achievement, an es.timl.lled 90 per­
cent of Ameriea"t high school groduatt:'$ may 
not be ct1pahle of acoompliahing C\'t.t\ the 
m01St rou1 ine higlHec.hnology tui.k.s i1l the fu­
ture. While up to 90 pcrcenl of high school 
gr,,Juate~ in other countrie& enjoy tl profi-
1;ier1ct in math and science, a rnere 6pereent 
<Jf U.S. graduate&attain 1he Nme aplitudeff, 

. , . Thit1 ehallengeexists at C\ 'CI)' lt\·el from 
elemeuhu-y through graduate education ... 
Pio,""titag 1-lte Spatt Prornier, L986 

"'l'hus, u~trong educo1ionul Sf!ilem is an es­
sential comp,one1u or o viu1I S,r,:ienee without 
which ~ieolifie progress would come to a 
rapid hah. his moet important to ensure tlmt 
studenl~iue being brondly 61:lucated in con• 
cept~ and 5kills which will be usc:ful through• 
out their C.$ree.rs • ., The Crisis i,1 Sf>(l~ (Jrul 
Earth Sciern:e, 1986 

Wfl:1e futu re of spaoe biology anrl medicine 
will de 1:iend on the quality oft he young people 
tdtrneted to the field. NASA ,i1hould expand 
ii.$ fellowship prognun& to encourage predoc­
loraJ and po&tdoclural training at Univer­
sities, rc(;o('arcl1 in$1ilutes, and NASA re­
search ceoli:ns. Even in a period of reduced 
flight opportunitiei,, there is exciting imp,:,r­
tant ra.carcb le> be done in groum:l-hai.ed 
l11boratorie$.'" A S1-mtegy for Sp<u:.~ Ri<>logy 
ar.d Mtdi.wl Science, 1987 
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ADDITIONAL STUDIES 
~vr,r,ol ;,h1o1li .. ,. prm i,lnl ,.,;g,.ift,,,-,,1 i<1pvl" 1\:1 tl.e ,.utl... tk\lll"rilM,,,J i.11 du~ t'Cl"'rt, Ood' -'Y'"•)<J"'~ <.,( the< 1otud1~, :ire-pn,• 1tkd 
hd (IW. 

Stady, Tiu Nt.'f.t Ci<int [J.r;p in S{l(I«: rln Agc•uk,f<J' }l'll<.m(uil>MI CooperMi()'t, 
S1mn .. nr: 'fh.- t)11i1i::,-I N•lionf A~ciatil)1\ o4 1he tf,S.A.-

Obj~tive.: JU p11rtofll1e UN!\..tJS..\·• tuuhil1111!:f111 l'mjcet, ll)Jl«"'i<lol" .1n<lf'lft0rtlmily fo1 1,liviued1i,t'ft8.li.11,11r1kip,!ltc 
inan cum.in11.1m!I r,f the poet.'llbili1~ rc,r intf!mAtic,nn) ""°perntinn in1he~¢1"(ul 1111e-,.Q( 11pa,:.-..; h)run,il'lr '"''W»"'• 
and polky 01)1.i,,,. wid to dm·dr.-p II li111 c,f f'('l',m'.lmMIMti<:in'I (m 1h.;- U.S. ,., pmi•ue. 

S1udy1 The Criw bt Spa« <1nJ Earth Sdcrkr 
Sf>')1t&1)r: S~e 1111d Emil, Sctl:!riet' Ad,·i.,ury Committeie. NASA Adv,-,. Ulundl 

Obj~cd,.N; To determine 1be 1J1dure,,fthcchnn6C, 1100Cr WllY in tbcct1viroomen1 o(Sp.,,:e .a,..d F".onh Scie11,c:r P,-<igt"Am11; 
to undeTMa1td 1he implications or thil@e chW1£1-c'll und tu m/J(c 1'1';(•11mnw.ndmions ,,, ~ bk NASA to Jl"()Ol"od wi1h II long­
t«m, producti \'e program in Spaee aud l::artti Sci~,c~; w d.:..-t!lup II u...-.re t11tlun11.I proc:""'11 for mj!lkin,; de<-,i,il»l", t'~pecfa.lly 
ooncemioglllt- !.t>fe(:t.iooof nuijof new inittSti\'11"£: to d&etmiue ~ ·toOp(.imh:e th.: ui.eullimitt:cl Avn.iln.ble re""''"'e,. 
in 1<Ud1 " "''") •1o Iv Nln'>ln,C4 11,e ~ po,sible litie11tific ~..un. 

$r,.(ty: 1\',ISA M(u·d Fll'.f'I Study 
Spo~r1 OffM":e of Sp.,ee flight. NASA lleadquo.nera 

Ohjt:etivc.: 1 'o rum1ut .. 1c,,m(ln;ni,l1 NASA 1ni1._"(j fi\•el L1hanth ,tr.ttegy IUJd polkyfu..rtl1eperiod& 1988. }99j 1md 19!)5-
2010. 111et!Ub indud°"' anaAAe,,1une111 .,/ ,n~ i,,., 11(,n,le: 11111~,.,d, l't:hi..:lc;dat.. bil-,e: Laund 1 l't'hKlefpayl-1 <'llplUk' 
11n11lp,i•; mixe,I neec tef'nn.rfo dC"finitinn; •nd rni1cd n.-..1 ~' l'IU'"&l 11nd 1-.Jic,·, 

Study, N.◄S.4 l.ifo Scienr.,.-, Worldng Cr()up 
Spon.or1 Adm.,mdratur', Lml.£ lt1P1£.e Pl1Uu1i11g om~~, NASA He11dqu!.U'tl.'t1o 

OL j ec.li v-e•; To 1dcn11(y lhc :opcci/ic que,.do.u .t.,di must be llnl<w-ercd in !he lif~ M:il':'IW<'li neb1h:1I u, l,0111111111 i 11 1o»lf!• 
du.ntJion ,piw.e nigh I: tc,ootlin.e 1lw! rc:JC11tth pmgm.m rcq,:,ittd 10,c.oh·.-C!W':h l»\IC"': 10.,_~., ;,.,ASA ·,._fll't'•P.,urn ill'"'"'~ 
clf lhi~ t:n11il11uii, r ummtl) ,:in in tu e11eh ,~,.,e. 

Studyi /'lutW,iul C()fflmW1'uri <m SJNU.>t Pricati:.aJimi fo1..-., 
Spoa»or: .A~., lndu,lne. A»oc,a.i-.. -Of Amenca., Luc. 

Objt:,c,dvt":~ Todevulc,1)<irill:ri4todcciiitl! wl1en:, ;,. ,he N,11ic.,n11l UW;run~11,,um~en11id nup, ind'uJ1ry i• likdy 
lf>de&.iNI priv.titati<.on: to identify tt106C llU.nlCli'vecanillclatt:aJ i.n NCOS n-1,-:,rt for privis1·i.r1Jlio,n: 1c,~u~1 NASA .-c:ti'ln, 
and ground 1ulea "11.ieb .,.;u i.n,cn!o,,e l..dl.l.'<ll)' it1teJ-eilt iri prlvalii:11.U1111. 

S1utly: U.S. c;. ii Spoc.t l"<clp-w,~ All AJA-t .4Ut'.);1ffl:ffll 

$p(.n&nr: Am'"l'W'a" 11'1&1i11,1~ r,r r\cn.,o!,flul!Q. tu.d ~ lu.11111,u.Lic• 

Objecth·ee: To cooducuin nnalys.iund de wiled discu.,.s:ion of both u~g,!litl ( ncar•t1►111ld•t1:m1) , u .. l ac:lt.>ctecl 100,;•IC'lffl 
i~\; 11ff ee1jng the U.S. civi1 &pllOO progr11m. four ~ tegorie& of iuues Wert addre&aed: ntiitoriQg 1r11)11M:t1tum. mail.i11ainini; 
11f111Ce 1~11dt:r,;hip, (llpt1iiin,i. •nd m• nll!i•~ the cfriJ ~e prop-110,. u.nd buiJ<liog fot the fut~. 

Study: T,u#; f 'fJAw, Ml h-, ef u Mi.to:d FJ-,.,1 ,,f l-i;,w.11,>/i .5'~0:t11$ 

SponMrl N:\SA Adri,ory Com1e:il 
Objt:clht!il1 Tu 1:unm1e thi: li:.-ue:,i und •1w:t1lic,ni:. 11.n(I mtake rooommcnda1ion1110 NASA ooooemio@ anew policyw 
cooduct lhe m1t1011' • , p:ice !light prusrum wilJ1 :a mi.a.eel Ot:d ,, ~,;:hid ii, . 1~ 1'~1: F'on.:osd:dn.'$!00thr~prir1cipal ~eu,e~: 
anapprupci•lt• niu ol5huttle andnpe:ncbbl.-l1u111d1 ,·dticlcr;: ai>prop1i•1t: poli,dr.61u1d " ' " ctil-"-'li fur NASA tuuije i.n 
pl11.1u1ing ¥00 pro..-idtng liumch M'ITl<!eS; Ilic- role N • .\SA ,r.l-,ld pl• y W1IJ1 n:1,peel ti) c 11m:n1 dforli; IQ ,..-"1111 ,k_: futtloo;r 
ooi,1111iereiali~Lk,,. uf &Jldt:CI liumt•h :o..,rri~,.. 

S tudp 1bJ.tM,.,1e"llt ef llr.e Snud .Spa« Prn;rrn.m 
Spowittr: Admilli.s:ttatf>i& Loog Ran~ Plw:1nin1; Offke. N . .i\SA Hll1t13liuw1t:l'!I 

Obj~1Jvc11: ·r@ u, 11J,·rb1l Q II tt'dmi~lt.l ~.,;.,.. vf the c-• ~111bai1i~ uf 1be Sovkt *pace prugram to mdude tr:ut>-pun;i.1;i;,n. 
and (punch t1y,-tenl6, fl'kitcd l)h.1g.t1t1!o, a r1d llf)ilte ,,dericl:" prog11m•. 

Stndfi f(t.Sk F Qroe cm Spoce f>r~am Coo II 
S1wn_.o.,: NASA A(h<i.,;ory Cu,u1K·i.l 

Ohj1:C:lh•~: i c. 11,~ 1h,e wnd, coocb1t:t.ed by NASA Ill rl"!iftlloncl Iv I ht N111ivn111 C:0.nm~ o•• on ~ce fl:'p(lrt ao1hd, b'e 
1n 1h-e!om111l11rion ofn.n,· pl,)nt, with the.e:mpM~i, ont1>11nl'"'l"-IC"'rr11 gn11l,, r,hj~·li~,...., j)1Vghl1otd ono!>I•• lU1d. 1-vad pulicy 
iAAll-C!I itlenrifi,ed I>)· the t,uk- (OTC,:, 
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Stud1: Mi.-:rQJtnn-"' r M41.-nll'ls &~...,.. A,r,\l',Jtmt11, TfWf Forc.r 
St."•""6.-! ,\drnini,1t11tM'11 T..c,..g Raut(l Pl.tuinin@. OffM.e. NASA H1:adqutu1"ni 

ObJ~ •h·t,fJ 'fotldt:mUnc NASA'• rolt> i11 tt!oel!l''.~1. l"'_!h~ol~grdevclopmlffl t, 1mclh•~...-arcd?•clopmcnt; 1oii;lr..nlify 
ea&emW Meiul of n:,,,;.-..11n:b; to a-,t> NASA'~ 1,ul,:.i1 1111W1u,tn~ 1b f'.u,tocn,cr.i , ntt'~lcid ,n I be STS: to de•clop • rl•n 
for 11 .. illK LIM: Sl1111tlc-, S1)11«.l11b, frec-fly.,n, /11,,1 Sp.r.,e 5t,uKll'I for micro.;n.,ity yl",)«.,611i11g r~4'.Mflh. 

Study: A S1rakgy J.,,-Sfl'll:t' lliwJgy ond Mr4ic,J. .$e-ktll'll 
Sp1.1n,•11r1 S1~ Sciet1oe Uoard, N'ldio,1,11 Ac:adcm) IJf Scie-ooe,, 

Oti;edin:,,;; T'-' devdvp 11 1,11111..gy far "fl"ICC ~"M nm:I ,n1:o'l i,:al !11'.icncc for 1he- 19801! llnd 19CX>..: lO ide-mify and 
11~ 1.lio,.:e IUC'I'~ ..,r fond11llloCnt11l-"Ci~nti-'1c irmciitig111M)C1 tn 4'G«I' biolog eod med kine tbllt ute both ext.itiug and 
lmpof'l~nt lu puDUc; "' ,:Jcvtlop 1he foundAti(.111 (If k.n<,wlcdE1! utid uodeft.landing 1h31 'IOU nuik.e hM1g.tn1D piloted top~ 
bahm,hi>n dt1dlw o,;pkln1ion f~iJ:,le. 

St1.1df: £d"ctufonol ,i/J,.,in Fu.-. Y~r PJo.,. 
S p1:1uor: Edu,;;;itio11wl Altu:ir. Oivi,1on. NASA Ht'11otlq114,nei, 

Objt:c:ti~·et : Tn Ol"•dt1p a f'i \' f:'-)"C'.lll' pUm Iv improve the qu,lil)' of llM.lier,cr., 11:111.thea11tiu , 1111J l'!'l:l111olc,y.t r-.:lucotioan 
,n tJ.c: 1ali<•n·11 ~ hoof ey~1emuntl ioom11~tb"to.len1 pool cJ'pro(1.,'\!,;M1na.l 11.ud tt:elminl pcnonnd ,O\'.nl.!..t i11 tht- field,,-
of .11crur1isu1ics ond ~J)8ce. 

Study: (..'QmmitJnt 1-,1 SjXKi' Tn-1111(1/~ N~lsfor 1M f:'llJ.Wl'. 
S.;011~ ,,: Ao:mn.uho 1t11d 51),llc-.· "Eo,giMe1ing !:Joo.rd, Nlltimal A,,.kr:ny of Scietictt1 

ObJ«riVU! To ic.len1il)· 1:n11.blfog &bd enbon('l~ 14,cl,m:.i(,l!Y ~u1red 11, ~ppvrt ~n 41~~i-'f" l'iYilL.n ~ cc: ~ 
for ihc nelt130 yr-,nc. oom1idel'Ulg 001.h mitiiK!I, J(\)111" amd die 1wed (oncduc.-ed t:oi,.I!- r(,r .i~ui• ition nnd npen,.tioo.,. ln 
&p,.ICe~ tCYif'w pmb:Wle !i~b -Of •pit\'" ll(-le,1ee, lll-iliUt)', "P""C" 11pphe111lit>i~, and piloted ~plor111MWI mi:IIMU1i,; i<leiu.ify 
1«hnol<1Ki~ n...r.Jcd t@ renlizt: 1mJ ,.1.11,1.1111r1 1b .. ddiDf:d m1u1on11: 1Jcntify ma;e.whtrencw 4nd inniwntiYC:*fJpro&cltes 
arc lili.e l}'IBpniduce~:u:.cpbom!III i.1~1,;m o;, ho-nefib. oir ncwc:11prahilltHll6:00flM.tnd priorilil(: ll rr.:M:11.td 11wd ta--b.1wk,g)· 
ol).,..,(;l;IJl'l1c:nt pt019"arn ,.11111 M,:-nlify pr,)j,e1-.1, 11ntl in-,i:pnN: recmn:h 11t1d technotogy 1\1.'¢1~ t1,t.ringtLe n....:tcff;u')' loclm,ol<,KY 
Iv ii ,:;IAle (Ir n:!IW!n,:,io;, 

Stm:ly-1 S,-:,: Seif~ i.n ,A,e r.,-.-,uy.Fml Ct'Jllury·: /995-2QIS 
S po>lbolm Sp11« St.i1'11oc n.: .. ml, Nn.tioo.11 AcMk1.11y ol Sdtt1ou 

Uhj..etiTer,i T(! ,.J,:r11ify the m,1jor d in:dioni,. fttf" ,;p,a~ &eieoc(I f-Of 1h(- f,,...,. 1995--201 S. The &tudJ """" d,;.-(lt"d 10 
,ht- l'C'\'kw .'" .. i, .• miljl)~.d!&dplioe~P'""'~: fund1t.1nt:11ta.l PJ1yr.i~•~o5I ~h.;,ili .. 11), f111.t1et-'-f]'/Lvruu-E~pl-Oc-ali<ll'I, ,\~1roru)my/ 
A~1rophp1,1~. Eurtl, ~ 1'$:QCN-, :,.,larlS(l1&e"' Pla:u:uat • .toJ Li.fo s.~,e nc ...... 

S1u dy: OSTP e,,..,.rn,;'ttU ond k i:a~tW<,&lilJl'U 011 lhc NmW,.al Conuni.»m,., oi1 Spnt:t 
Sponei:m Offiecl c,f Scit.'1,ec am1 Teebnolos, Poljcy, NASA Ht.l!dqu1u1.tr& 

Objeelivt:• ! 1'o de1"C!lu,p 11 1o1 ,,-1e jl.)' on how lu n:&p:,nd 10 tbc l'()l;om1.11.mcbtiollr. t•OM,toi 11oe1l ii , l~ N.11t1011iJ Gu,ii,ei~Hll'I 
on Sr,11Uie report. Tiu!< 1,; inwnded io inciludc: • tt:vie,1,,· ii ihe l."llln,llt Sl,lol!Ce.ftt'"'°lf'd 1:.ulu•,e, and d 1rettivtt., q w.:ll M 
hHlevelop Pre.-.1d,:nt;11l d irtttion tn IIJllll"tlprla1eagel)Ciet t.,lr.l.lllli.iiiethe Rq,vial Jindd,r.~...,.1.op potent.al lmplemc:n1i,:1ion 
plu.11 .•• 

SbH:Jy: T<Uk fore~ ,-m ln1t.rm.11iw1«I r1Jlily rmtl Propum l,or,d 

Sp4 UWr: NA!SA A.dvi-:y Council 
Oltjed :i,·~ : To oontidcr 1hc. lo,114;•NLl'lgt pltulo\ vi NASA. oth" m•lif,,u., and i.nu:ninlronal W.i~. wi1h rm;,phu..it u.ll 
orportunltie5 fotCOOl)j:'ll'llti\·euctl-vili-Naodl!lll,;m11.foe fomi& ol ,oc•• •••o<lfleTillinll'I, ~ well 11/',~'"of plY"M.'fll and puleritial 
etomf)dilion; oon11i<J,,r lhe ~ .:d" in1~m111t1., .. t u.c:L1\1lla. ,11_, m~l'l·um.ent~ q( fmf'Jgn p0J;cy, 

Stucl~1 LI.ft St;;:.ntt Slf<lt#.'/liC Pfum1ml( S,-uJy Comm1lltt 
Spon.ur; NASA A1h,i ... ,,y Cnunt'il 

Qbj .,.-1i v.-;,; Ct1a111ct~ize prtt,en1 NASA life..:ie1t1:epntgr:Ut,s_ ~111rn."11o:l 111wjor NASA lire Mltt::tt« rcw:11,rd1 gonb 
1mil ••bjt!eli~es: proj«:t (o,c~1tblr. ,,rogn:~" fo ttl,..,·ant lifo 11Ci\'n..:(;!> 11110:I ttthnolagie.; detenni.nr Whl11 rw,i:IIKh Al'ld 
devdupmi!lll s bould 00 iji,tpl)\JC'lol;liJ: r(>ffl$ul:nc 1«l1mc.;,il 1,.11.-J ,-ci", ... 1tifif" e1nu~e~ la a,rr.omrlL•;l, •he 11el111:t~ objN'lli,•,ee 
and t(la.lt.. 

s,.,~11: Nmi,mal .'ipa,ce Tra,upt,r1flt11.m. a,.J S1'l'("'l'f SnMlJ 
SpoDl!<Or1 Ofr1-te ol Sfw,r(! Flii;ht. NASA l·lt-ackfu;artcn.: Oet1wrl111rmL .:af Oe(enlk' 

Objeetfre&: 1'n i;1u1ly die de"\·dopum,t <Jf" ,,e;<,.-.Jrtoi•gt:nM!ll)l)t\ ~ tr,,n,,-panation :iy~l,-naldllg lff of pi101cd 
aud liUl(lo!Bi!le<I ,:,y,-te11-.t,,r11ttt ilue re<1ni«'.111n1hi"' all 11"<'111. ,\ full ranff'of apliOl\ll-·ill beatudied, it1cludingShonle-de­
n..-eJ tl!a;hn.-.1,We:o 11nd c,ther,. The t1tndy will ei•mil)C ffic 11)95-2010 1.imc: fr.am~ 
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