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de:ermine the systems requl;efints for a

space nuclear reactor power system, a

and spacecraft heve been examined vhtch

●lectric propulsion and this nuclear
power for multiple tranafera of cargo

low Earth orbit (LEO) and geosynchronous

Earth orbit (GEO). A propulsion system employing
ion thrusters and xenon propellant was selected,

Propellant and thrusters are replaced sfter each

sortie to CEO. The mess of the Orbital Transt’er

Vehicle (0~), ●mpty tind dry, ia 11,000 kE; nominal

propellant load la 5,000 kg. The OTV operatea

between a circular orbit at 925 km altlcude,

28.5 deg lncllnation, and CEO. Cargo 1s brought to

the OTV by Shuttle and an Orbital Maneuvering

Vehicle (tXTV); the Oil/ then takes it to GEO, The
O’fV can also bring cargo back from CEO, for

tranafer by OMV to the Shuttle. O’111 propellant la
resupplied and tne Ion thrusters are replaced by

the OMV before ●ach trip to GEO. At the end of
mlssio,l life, the OTV’S electrlc propulalon la used

to place it in a heliocentric orbit so thal the

reector wI1l not return to Earth. The nominal cargo

capability to GEO 1s 6000 kg with a Lransit time of
120 days; 1350 kg can be transferred In 90 days,

and lL,X)O kg In 2b0 days. Theme capabllltles can

be confilderably lncruaaed by using separate Shuttle
lsunches to bring up propellant and cargo, or by

,:hacglng to mercury propellant.

The iP-10fl Pro]ect waa ●stabllahed to develop

~nd dmrmnsllate feasibility of a class of space re-

actor power systems (SRPS) that produce ●lectrical

pnwer In the less thnn 100 kld to 1 flW rmnRe, To

+elp deiermlne systrmn r~qulrnrnents for the sRPS, A

mlsslon and spacecraft were ●xamined which utlllze

this clams of nuclear re~rtor power and ●lectric

propulsion to meko mnmy lrnnsfers of cargo between

low Esrth orbit (LEO) and geosynchronulla Earth orhlt

(GE()). Anpects of thn mlNnlon ●nd spnvecrsft bear-

lnR nn the pownr system were the ptlmsry objectlve~

O( this slurfy. The mludy was cmtrled out by the
Syslems l)cilRn Audll Tpnm of the sP-10tl ProjecL.

[)?talln nrr runlnlnrd 111 Itrt. 1. Annthor mlmnloll

nnd nprnrcrrnt t nludy t.iMlt.rrnlnR SP- 100 In reporlod

Ill Mmf. 2,

Prior’ Ln the lnlLlnlluIi of lhla IIlildyt ]00 kWe

(kllowntt~ mlorlrlc) hnd hnrII mele,,lrd rtfi lhn ,Iernlgn

power level for development and ground test of key

portiona of an SRPS. To maximize applicability of
the study to the planned SP-1OO effort, 300 kWe was

assumed as the power level for the spacecraft.

(After the study wafi completed, the d~slgn level
was changed to 100 kWe.)

Important ❑ission requirements were:

(1)

(2)

(3)

(4)

The OIV shall perform 10 sorties between
LE’Y and CEO, ●ight of these carrying cargo

from LEO to GEO, and two carrying cargo

from CEO to LEO.

The trenalt time from LEO to CEO ehall not

exceed 120 days,

The cargo carried to CEO, and the

propellant required for the OTV sortie,
shall be within the capability of a r’ngle

Shuttle Orbiter.

If an intermediate staue i- needed between

the Shuttle ●nd the Ofi, propellant for
the lntermsdiata stage -hall be included

in the sin~le Shuttle paylOAd mentioned.

Spacecraft functional requirements included:

(i)

(2)

(3)

POwe r. ----

After deployment of flexibla ●lements of
the power system, the acceleration pruvlded

by the electric propulsion tystem ia the
maximum that munt be withstood by the O’Ill,

Pointing angle ●ccuracy shall be S5 deg.

Launch of ●ll mission elements by the

Shuttle is assumwd. (Titan h lr.unch was
later ●lso consldared. )

spa, ,.crSft Syeternq

The power source is a f~~t-np?ctrum re~ctur

fueled with UN mnd ~ot]led w!th !iquld ll~l)lum,

A shield nhadowa the rest of Lhc tip~rrrrnfl frnm

reactor radiation and an extendahlq hoorn ‘Ilrthc+r

reduces the dose. Pumped llthlum I)entn nne rlxf ill
n set of thermoelectric rrlementfi Md? of SI-(;C

doped wilh Gap, khlsLe h?ml t’rom the ct)ld rnd o[
the th~rmoelectrlcs Iq rcmuved hy h~nt PIPFM iitltl

rndlated to rnpace. F.lectrlral powrr pr,nlurrrl hy
Lhe thermnelectrics lH ru!ldlticrnrd nnd d?llv~r,,d 10

Lh@ rn~l of the ❑y~,.ocr,.fl n~ ronml,iul v!~lln~e 11,-,

The Mnn Of the SkpS in ~hl)() kg, I$l,,krll ,IOW!l ,~~

nhuwn 111 Tnhle I ,

I



Table 1. Spacecraft Has G I?reakdon
.—=— .—..———. . . .. .— .-. .—-----

SRPS
Reactor

Shield

Feat transport
Power conversion

Heat rejection

Syotem concrol, power

conditioning and distribution
Structure and mechanisms

MISSION MODULE

Consnunications, conwnand,

attitude control

CARGO BAY

Structure

Skin

Cargo Interface tlxtures

PROPULSION

Electric Propulsion
Propellant Tank

TOTAL ,

PROPELLANT

TOTAL ,

CARGO

TOTAL ,

!lry and Empty

(Xenon)

with Propellant, Empty

with Propellant

.-.:
kg

—----

1,650
700

1,450

775
1 ,/,111)

950

420— .

25!)

500

110

_ 100

:,995

400

s ,0140

5,990

—-— ..—___------- _..

kg

7,385

250

710

2,b75

10, H2rJ

l\,960
-.

21,850

Propulsion

Electric propulsion characteristics used in the
study were l~mited to those con~idered to provide
low or moderate developmental risk for the 1995 time

period. They are eunsnarized in Tables 2 and 3.
Ion thrusters and xenon propellant were selected.

Alternatives considered were reslstojets, arcjets,

and ion thrusters with mercury propellant. It was
found that the performance of resistojets and

ammonia arcjcts waa too low to bring any cargo to
CEO within the miaa{on constraints of a single

Shuttle launch for cargo and propellants. With

hydrogen arcjets, the Shuttle cargo bay would be

almost filled by the hydrogen tank, leaving

i;,?dequate room for the cargo meant for GEO.

Mercury ion thrusters would provide somewhat better

performance than xenon, but there are possible

Shuttle safety and ●nvironmental issues associated
with using mercury.

The characterititica assumed for electric pro-
pulsion included a minhnum Is. with xenon of

29,kO0 N-s/kg (3000 lbf-s/lbm) and a lifetime of

5000 hours for ion thruetere. This necessitates re-
placement of the thrueters after each sortie to GEO.

Other Syotems—_-—

The spacecraft miseion nmdule contains

consnunlcations, comsnand, data handling, and

attitude control ●quipment. Small low-gain and
wdium-gain antennas are provided, Consnuniration
1s via TDRSS or another satellite when the OTV in

relatively low, direct to Earth when orbit

geometrlea ● re lnapproprlatc for satellite-

satellite consnunleation.

Tabic 2. ~lcCLKic Propulsion Cllnrncteri~tlcm Assumed (Time Period: 1995-2000)
——- —----- —. —-. —... .—- ----.-—--—- . . .. -.-—

Arc Jet~

I’ropcllrlnt
lAP, ib!/lbm-~
En~inu inpul ,,owcr, kW
E[ficlcncy, P?U

Efficiency, cngino
Thruster IMHS, kg
illlginc-nskaci,~ic(l mnnti, k~

(!nc~udlug Lhruslur)
I’I’U sl)cclfic musti, kg/kW*

Lifci!mc, h

Ml I

1 ,()()0
100

0,96
0.4s

3H.8

150
1,1,

1,000

Hz
1,500

100
0.96
().54

38.8

150
1,4

1,000

lUII ThrutiLcrM

Propullil,,l xl! Xa
‘Engine !,itc, cm 50 ‘I(I
lnp~ ,bf/lbm-n J,ooo 3,bnll
EIIKII: !I1pJL power, kW 19 29
Nfri-.cury, PPU (1,02 0.92
l-,fIi irll(:y, rllgille (),/)’) 0.75
l’1. ru~ter m,i~fi , k~ :(),1, 10,1,

;:.II UiIIP-IIKI, {II, i;ltvll mntlri , kti

(illl.!l,,lillfl 11,1’uhLIIr) 1()() I 20
1’1’11 ●;w, .1 I,. 1:,,11.,1, kj~/kU* ,,., 1 ?.L
:.1:1,1 11118., :1 ‘1 ,OJII !) , O(;U

. . . . . . .

:;, I(I!B : Pll]v: d!! Il,lilllluillllt l!ll~illl!ti, t-ll,lllp,, h L,) I:,) VI, I, f,Iilbrt! of nL Irnnl ii)% [I>r nrc Jetn slid 20Z fljr 1o11
LhI, \IMLv IK . l:xt, I,ll[ 1,11- i! ,l,,qkll,,\Ul) ,,[ I III1klIIII UII-;Inlk, PIIR\IIrU Mhall be in nctn Lhnt hnlance Lhrilnt,
/i!. buIIII! Lt~,Il i: I t,llfii,,r 1,,;::, IIM I.1,1 WI ;1 II,! hlIIIL dIIWII iIIhl Ifiplncnd hy n rddumhnl ~et. ‘t’Illn Inny
IO,lliil, F 1111:1, ts,lhil ~ LIIm ll!lll)l,l, l- ,)[ Is,,llllll\, \ll[ ,,ll~lll,,h, Inrludo tsIIBIIIn-fin*I) t:l Atatl manm fur lhm rrdutulfinl

l~ll~lllrli,

Xe
50

14,710
‘85

(),92
().79

20. h

I 10
1.7

!) ,000
. . . . ..- ,.. .

flg HE

50 50
3,330 6,260

29 45**

0.92 (),92
0.77 ~.:ln**

20.4 20,4

120 170
2.J 1 .~**

5,000 5,0011
.—-. — . . . . . . . .. .. . .

*ti W I,)r ,tllrtil II: IIImII. ,1: II il)i,lll kW LII I’1’11,

*nl,”I%l’ Vili\,4sl. .11 11111Qllllt, d;,lll! \i!iII IIIIiId, ;IL II’ iIILu I’PuliIl !IIII,‘l!~,
---- . . ---- ——.: . . ..- -----



Table 3. Tank.+ h,. and Plumbing Mass Relationahipsa
. ~—. .-.G_ : v. .--c—-G_= .:-= .— -- ._-s -_

Propellant Tankage and
Propellant ?12sa, mp Pl\unbing flass

kg kg

—— ——— ..— ——. —

NS3 5,000-18,300 120 + 0.173 mp + 2. 2.9 mp2~3

!0!3 18,300-22,000 lo~(y + Otlqs Mp

H2 5,000-13,000 610 + 0.L93 mp
Xe 5,000-22,000 52 + 0.075 mp + 0.15h mp2/3
Hg 5,000-22,000 150 + 0.020 mp

—-— .-— —— ..—.

aData for hW3, H2, and Xe are from B. Palaszweaki.

-———————— .— _—— — -—.——— .——-—...—..-—..-. ..-——— ———.—— ——

Horizon and aun aensora are used for attitude

control. Attitude control torque ia provided by

control moment gyros. These are unloaded by inter-

action with the Earth’s mgnetic field and by

gimbaling or throttling of the propulsion thrusters.

Attitude cliangea will be relatively E1OW.

Conf&ration..—. . . . . . -

Three candidate ON configurations

(Fig. la,b.c) were tvaluated. In one (Fig. la),
propulsion thruut is perpendicular to the boom of
the power nyatem. This neceaaitatea a very long

boom ●x:enaion to poaitlon the center of gravity

properly. Aa a result, the power cable length,

maaa, and loticen are ●xceaalve. The other two

configurations (Fign, lb and lc) place the thrust
vector along the boom. They have the propulalon

system at the mnd of the spacecraft [urtheat from
the reactor, and adjacent to the cargo bay. Theue

configurations dlffe- primarily [n how the cargo la

loaded ir the OTV cargo bay, from the aide or fron,

aft, Side loading (Fig. lc) wa~ selerted to

maximize conmnonal lty of cargo interfaces with those

used In the Shuttle. If, however, rllan h 1s 10 be

uaeu to launch the cargo going to CEO, cmsnonality
with the Titan cargo interface 1S more {mportal]t

and the Hft-~ufidin# OTV configurml loll (Fig. lb)
would be preferred.
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The selected configuration is 50 m long when

deployed (Fig. 2). Ita cargo bay ia h.5 m in
diametar, the same aa the Shuttle cargo bay, and

its length 1s 20 m, aa compared to 113.3 m for the

Shuttle cargo bay. These dimensions were chosen to

provide room fol any cargo that can be carried by
the Shuttle, plus an Orbital Flaneuvering Vehicle

(OMV), to be used for operatior,6 in CEO. The On
cargo bay structure folds to fiL in the Shuttle for

launch, The OTV masa, empty and dry, ia 11,000 kp;
Table 1 gives a breakdown. 5000 kg of xenon

propellant are normally carried for a sortie to GEO.

“’’’u’)’’’’’”’”- r“ ~ :—,5 “’ ,,MMM, ,,”LI.J,19

.* I !
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—n, muvam[ 5nm —-

2SII.
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Fig. 2 Orbital Transfer Vehicle Oetails

Hiasion Profile

The OIV is oi,erated on!y ac altitudes of

925 km and above. This constraint waa aaaumed to

●nsure an orbital Iifetlma of ●t least 300 yeara
for decay of radioactivity if a spacecraft
malfunction should occur. (A decision on operation

of the reactor ●t lower altituaes is pending. )

The Shuttle cannot deliver ●ubstantlal payloada

to an altltude of 925 km. 4 chemical upper stage

is neaded to place the On In lta nperating orbit

●nd, aubaequently, to bring cargo, propellant, and

replacanmnt thruatars to *he 0~. Expendable

stag-a ●nd an WV were connideret’. The OMV was

chosen because It can alao be used to install and
renxxre carge, rafuei the OTV, replace thrusters,

and provide other needad functi(>ll:. .

Twelve acenarloa wera conside,.ed for placing
the ON In operational orbit snd then transferring
rargo between Earth and CEO. Criteria used to
●valuate the scenarios included the resultant OTV

performance, th~ nunrher of Shultle launchea

requlrcd, the orbital operations required, and
Iluclear eafety.

The selacted acenarlo ia us [ullnwo: An

Initial Shuttle fllght launches the folded ON,
less propLlnlon, plus an attached OtlV (Fig, 3).

(The OIV propulglon rnndule Id not rnrrled because
of lnaufflclenl room in Lhe Shuttle, ) The OTV and

OHV are plnced in a clrculnr orbi, nt 27H km

riltltude nml 28.5 deg lnclin~tlnn. Tile OTV cfirgu
bny riepluy~oilrndin ~onsrwtnd. Extrn vuhlculnr

nctlvlty (EVA) 1# umcd to lllnl~ll nlnhlllzern III

the cargo bny stpul:turu rind plnrr n lhrrrn~l blankel

Around the buy, The ,.’~ th~n lnkf?,{ lh~ (H’V LO
92+ km, 2fi,’I d~R. TIIO SRI’S h]m IN rleployd ISIId

tha SRPS In st~trlod. [hlrlng lhr n~nrl-up sr,luellrr,

SRPS ronlmntn lhnw nm! Lho SRPS mnlll rndlntor

pnnrla nro deploy-d, TllI~ ~KIV relllln~ LLI ‘!711 km.



the cargo and 0111 prop~lsion modul+ to 925 km and

t[ansfers them to the OTV, The OMV returns to

278 km. The ON brinfls the cargo to GEO, places it

there, and returna to 925 km. Subsequent flights
are similar, ●xcept that ir,scead of the OTV
propulsion nmdule, rel)lacement OTV thrusters and

prripellant my be brolght to the OTV. Propellant

is tran~terred and thruatera replaced by the OMV.

Table k gives a mesa breakdown for the various

ShuLtie p~yloada.

n ,)1”

,.~ . . . . , . . . A.a,,il

;, .,., “.’,’, I !,J, ,,,,, .

\ \ .,, ..,..,,, ,,, .,

.. .-
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Fig. 3 Placing ON in Orbit, First Shuttle Flight
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Fig, h flrirtgin~ Cargu LO CFO, Second Shuttle

Fiight. (in rIIIbmTIIIIIIIIl fll~l}!m, Shuttiq

mnd OFfV nvty hrln~ up pr!]poll~tnl and
replacement Lhrllnlvrm ({jr OTV, rnlhrr

thnn compiete pr~jpulrnloll mmlulc.)

When cargo ia to be brought down from GEO. the
OTV carriea an OMV to GEO. Ihe OMV rendezvoused
and docks ~ith the LdrgO, then places it in the OTV

cargo bay. The ON takea the cargo down t: 925 km,

and an OMV then brings it to Shuttle orbit.

A Titan 4 could be used in place of Shuttle to

launch the cargo, with some decrease in the mess

that can be transferred to GEO. me old OTV
thrusters and empty propellant tanks could be

jettisoned instead of being retu.~ned to Earth.
Because of the EVA planned for in,itallation of

structural stabilizers, a Shuttle would be needed
for the launch of the OIW itself, unleaa r. cargo

bay atrucLure with self-deploying stabilizera can

be designed.

At the ●nd of miaaion, the OTV ia dlapoaed of

by using ita electric propulsion to take it to a

heliocentric orbit. (Tranefer from CEO to helio-
centric orbit rcquirea much ices propellant than a

return fli~ht from GEO tn LEO.) The reactor ia

then turned off by ground conmutnd, backed up by an

on-board clock.

Interactions with Shuttle and

Orbital Maneuvering Vehicle

Figures 3 and ft ●how spacecraft ●lewnta

atowed in the Shuttle Orbi~er cargo bay.

Structural support of the SRPS in the Shuttle bay

ia deucribed in Ref,~. The 0f4V, launched with it,

ia aupperted per the standard Shuttle/Of?J irterfaca.
Tha OTV miselon nmdula and the folded 0~ cargo bay

are between the SRPS and the OW and are supported

by them. The OTV propulsion module, carried on tha
●econd Shuttle launch, can be mounted to tho
Shuttle Orbiter bay keel and tiille. The xenon

propellant of the OTV will have to be vented or
refrigerated while in the Shuttle.

The CWV playa an eesentlal role in the
aalected scenarioe, servinm as ● “tender” to
the OTV “ship”. K~y functions include:

(1)

(2)

(3)

(lb)

(5)

Initial. tranafer of the O’N from Shuttle

orbit to ith 925 km operational orbit.

Bringing cargo from Shuttle to the OTV and

inee:tirrq it in the OTV cargo bay.

Bringing the OTV propulsion mdule,

propellant, ●nd replacement thrustere from
the Shuttle to the OTV, and attaching or
transferring them to the OIV.

Picking up rargo In CEO and placing it in

the OTV cargo hey, and subsequently

transferrlnR tha cargo from the O’fV nt

925 km to Shuttle orbit.

Bringing used propulsion tanke, thruatere,

and propulnon moduiee from the ON back to
the Shuttic for subhequertL refurbishment

nnd re-uee.

Pln:la for the OMV cali fcr a ,lumber of
capabilities to be incurpormted over a period uf

time (Ref. b). AtnonC the 0~ capabiiiLiea nevded

for the OTV ~~inainn ara:

[1)

(2)
(“f)

Reeuppiy and tranefer of expendable

fiuide; ep~tcecraft oervicing a,~d mmduie
replacemallt, Inrludlnn placin- c~rgo in
Lhe OTV cargo bay and removing cargo from

it.

Abliity to opernte in CEO.

Abiiity 10 rendesvuue and dock with (he

On whiia Lha OWV is carrying c~rgo.

4



Table 4. OTV Performance Suntnary

Deaig.
so Deliverable to CEO k~

Transit With Xenon With f4ercury
Time, Days Propellant Propellant

Selected Deoign

OMV initially at 278 km 90 1,350

OTU initially at 925 km

3,100
120 6,000 (Baseline) 8,400

Single shuttle launch for cargo, propellanLa,

and thruatere 240 14,500

Iap limited to low to rmderate risk

Ion ●ngine efficiency increaaed 5% 90 2,300

Ion

Low

Low

Luw

LOW

Two

Two

120

thructer lifetime increaaed from 5000 to 7000 h 240

ion ●ngine I~p (high development risk for 1995) 90

120

Imp and 2 propellant tanks, one discarded near GEO 90

120

I~p and 52 increase in engine efficiency 90

Iap and twO Shuttle launches 90

120

Shuttle launchea No

360

Shuttle launcheo, hydrogen arcjets, high I.fi 21io

7,200
111,700

2,750

a,loo

3,000

8,200

k ,200

23,200

28,500

2,900

4,iO0

9,700

5,600

7,300

5,900

26, ‘LOCI

(high development risk for i995)
-r

Note: Cargo ma-sea for alternative deaignc are li~ted only if greater than thoao for the selected

design and lean ambikioua alternative, at a given cranait the.

.—— ———

(4) Ability to place itself in the OKll cargo

bay and to renmve itself from the bay.
Additional tankage beyond that planned [or lnlclal
Of’fV capability will alac be needed.

Environment and Paylogd_4ccomodat~ons on the OTV—. .—. . — .——.— .-

The maximum radiation doa~ delivered t.o the

cargo from the nuc;ear reactor during ● 120-day

orbital trannfer will be lern~ than 5 x 103 rad
and 5 x 1011 neutrons/cm2, The dose of ionizing

radiation ●xpected from the natural ●nvironment

durin8 this trannfer, under average condltlonn,

will be ●bou: 1 x lob rad through 0.1 g/cm2 of

aluminum and 2 x 10L rad through 1 g/cm2, An

lniulatlng blanket surrrnmdlng the cargo compartment

of the OIV w1ll protect OTV cargo from poaslble

contamir~tion by tha thr,~ster .A;,.-ust, and will

provide panslve tamparature control, The OIV Will
al-o provlda ●ctlve heatln~ or coollng ● t

required. Any power needed by tho cargo wnlle IL
is attached to the OTV can be ●aaily auppl lad.

Comnunlcatlonr belween tle cargo ●nd ground wII1 be

pr~vlded via the OIV’n ronrmlnlcatlon links,

Ao mentioned nbove, the OIV cargo h~y size

wIII match that of the hhtlt.tln find wII 1 provide

addltlunal Iengtb to holln~ nn OMV. Strtlcturml
lnterfacln~ for cargo will m~tcb the Interfacing

used by the cargo for nnmntlng In the ShuLL\e,
(Alternatlvel), if cargo in trJ be brought up

pr~nmrlly by Tlten h, the Interrnre will be

rfeolg!utd to match thut wnvd for rltnn 4,)

[nterfnce merhnn!nmn and ronnectofn will hc

provided In the CITV raruo bny lrI pnrmiL rerelpt of

th~ cargo from the OMV, lncllldln~ maklrl~ vlul.lrl(:al

connections. These amchaniamm wi!l alno permit
releatie of tha cargo on counend, ●ith~r to the OMV
or as an unattached spacecraft.

Perfortince

Performenca of tho salected O’IV denlgn in
shoim in Table 4. Alno shown la th+ effect of

v~rirms optiono in increatine performance.

The nominal cargo capablll?y to CEO 1s 6000 kg vltn
s transit time of 120 day-; 1350 kg can be trans-
ferred in 90 dayc, and 14,500 kg in 240 daya,

The capability can be lncremaed to about 28,0f)0 kg

by using one Shuttle launch for the propellant and

anothar for the cargo, and extending the allownble

tranmfer tlm. For special minslonr the tJTV
propulnlon modula can be replaced in orbit wllh nnp

Incorporating mrc~ry inn thrunterm or anmw]nla
arcjeta, as demlred.

Conclueionn

Findingo conc~rnlng the nu~lenr power Hyn:em

are:
(1)

(2)

(3)

The nt.nwed length of the puwcr Hynlcm III a

detilgll drlv?r for thin mlu#lol}.

To maxlmlzc tbe number of oTV #{lrtle# to

[:P,O for n glvcn burnup [If renrtur fuel, It

nhould bc ponnlble to rcduru renctor l~UtlJlll

to a low level for weeku or IMIllhN,

Thin would porrnll III oTV rnlml trlprn WIIIIIII
the SRPS dcNlgII Il(lte of 7 ypnrn nt fIIll

p(jw~r, 10 :“fir” t(jtfil ]~fe,

pI~rIllR LII? renrtor IIIIidlloel!nlril’ urhlt

nhculd ho r,mNidercd no on- g~n~rnl meLhIMl

of {llafluHlllJ Ur il at, cnd of ml~Mion.



30MS rlnalngs relevant to the UN mlsslon are:
(1) The minimum altitude to provide 300 years

orbital lifetime in about 900 km for the

spacecraft envisaged in this study. It

maY be desirable to keep the operational

ON above this altitude co al Low time for
fission products to decay if the spacecraft

should fail during operation.

(2) The OTV should be used with an OPfV. The
OMV ia recommended aa che meana of btinging

and ti nnsferring cargo, propellant, and

replacement thrusters from Shuttle or

Titan & to the OTV. When cargo is to be

taken from GE’J to LEO, the OIW should

bring an OMV to C50 to retrieve the cargo

and place it in the OTV.

(3) Tranafer of cargo at the Space Station is

unattractive for this mission because of

the low capability of the Shuttle to bring

mess to the Space Station.
(4) The lifetime aasumed for electric

thrusters will neceas~tate frequent

replacement of thrusters in orbit.

Technique which can be used by the Ot’lV

need to be devel?ped for orbital
replacement of thrusters, propellant,

.lnd/or the ●lectric propulsion ayatem.

(5) The design of the OIW should preferably

pro”.ide full self-deployment in orbit
without the need for mnned assistance,

(6) Methods should be considered for retrieval
of apinnlng or tumbling spacecraft by the

Orfv .
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