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ABSTRACT 

.,.",-

The purpose of this thesis is to de scribe the G leg~lly ., 
1 -" 

relevant technical aspects of the space debris issue and to 
"-

analyse the legal and po1içy implications derived from. these 

facts • 

Chapter One provides a detaiied description df the 

,te-cl)n.i,cal as'pects of the spaèe debris issue. Topics discussed 

are the sources of space debris, the risks p.osed by space 
...' } 

" "debris to space activities-"'ândl to th~, outer space environment, 

the locations of space debris:: and 'its detection, and the" 
," , 

probabl1ity of the occurrence of a srac.e debri~ risk event. 
D 

Chapter Two offers a comprehensivt-na1YSirt" of the 1.ega].. 

and-policy' implications 9f the space debris issue in order to 

evaluate the adequacy of the present international 1egal 

régime for recognizing and regu1ating" space debris. The first' 
1 

section -of the chapter examines the re1ationship between space 

deb.ris and the linternational law of outer spa~e ; the second 

s'ction examines the effectiveness of present leqà1 mechanisms 

for the regu1ation of space refuse, the proposed 1eqa1 term of 

art for space debris. 
", 
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~ RESUME 

\\ ' . 
Le but de c~tte thèse es,:t de décrire les 'aspects teoh..~ 

\ ~: 

niques cpti sont .,j uridiquement pertinents à la question de' 

débris dans l'espace et· d'en analyser - -les implications 

juridiques et politiques. 

Le premier chapitre contient une description' détaillée 

des aspects technicjues .reliés à la question d~' débris dans 
1 

l'espace. Parmi les suj ets discutés l'on retrouve:, les 

" 1 • espace 1 les r1l?ques 'posés par.' ces sources de débris dans 

débris aux activités spatiales et à l 'en~ironnement spatial, 
". ~ 

les e~droits oÙ,l'on retrouve ces débris et leurs moyens de 

détection, et, finalement la probabilité que les débris dans 

1 • e$pac_e causeront un j our un évènement risqué. 
, 

Le deuxième chapitre analyse les implications juridiques 
, 

et. politiques du problème posé par la présence de ~ébris dans 

l • _espace, afin éi' évaluer si le régime jurid}que international 

existant est suffisant pour reconnaître et réglementer cette 

question. La partie un de ce chapitre se penche sur les liens 

èntr~ le problème de débris dans l'espace et le droit interna-

tiona1 de l'espace. La partie deux examine l' eff icaci té des 

mécanismes juridiques actuels pour la réglementation de 

'''rebuts spatiaux", le terme juridique proposé pour les débris . 
dans 1 f espace. 
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Today the greatest hazard facing human activities in 

outer space is spa ce debris. These man-made objects orbiting 

Earth pose dangers to spacecraft and astronauts alike. The 

space debris hazard has alr~ady introduced new safety issues 

for consideration by national space agencies, spacecraft 
'" . 

designers, space station manufacturers, scientists - and 

insurance underwriters. 
., 

Spa ce debr is presents a significant hazard to current 

space systems, is given serious consideration as a risk to 

future manned spacecraft and space stations, and may eventual-' 

1y render certain portions _ of near-Earth space unusable. 

Moreover, space debris is virtua1ly impossible to rem ove once 
, ~ 

it has been placed in outer space. 

Whi1e there has been much discussion of the materia1 

proble~s which space debr;i.s poses, there has been 1itt1e 

se~ious analysis of the 1ega1 and policy issues which- this 

hazard ~aises. This thesis is the first academic effort to 

describe the 1ega11y ,~el~vant technical aspects of the space 
.. 

debris issue and to analyse the le9a1 and policy implications 
'. 

derived from these facts. 

A detai1ed description of the technièàl aspect'? of the 

spa ce debris issue is provided and is specifically intenàed to 

give the lega1 co~unity an understanding of the context in 
"-

which thè prob1em arises. Tapies addressed are the sources of 

space debr:j.s, the risks poseà by space debris to space 
'" 

acti vi ties and to the outer space environment, the locations 

, " 
,\ 
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of spa ce debris and its~etection, and the probability of the 

occurrence of a spacé debris risk event. 

A comprehensive analysis of the legal and policy implica­

tions of the space debris issue is provided in order ta 

evaluate the adequacy of the present internati~:mal régime fpr 

recognizing and regulating space debris. The relationship 

between space debris and the international law of outer space 

is examined first. Commencing vith a proposaI for establish-

ing "space refuse" as a legal term of art, this section 

analyses the concept of "space abject" and the legal issues of 

jurisdiction and control over space refuse, international 

, responsibility for space refuse, identification of space 

refuse and compensation far damage caused \by space refuse. 
,{I 

Next, the effectiveness of present legal mechanisms for the 

regulation of space refuse is examined through an anàly~is of 
~ 

international law and international policy and with reference 
, 

to the- national space law and policy of the United states.a9d 

the United Kingdom. 
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AlI man-made debris I;j\ -orbi ting in outer space (space 

debris) is generated 1:,y manned and unmanned spa ce programmes 

of the world's space-capable nations and international 

organizations. While meteoroids _a~e a source of naturally­

occurring orbital debris, they are not considered to be a 

serious hazard. 

Space debris. poses a much greater risk of harm to manned 
.. 

and unmanned space ~ctivities than its natural counterpart 

does~ fo~ several reasons. First, the meteoroid population is 

,essentiallY consistent, while the quanti ty of space debris is 
.... :, 

steaà.i'ly increasing.1. Second, meteoroids are transient 

through the near-Ea~th environment; space debris is permanent 
~ 

in'its orbit during ~ts lifetime, thereby posing a risk over a 
; 

greater period of time. 2 Third, ~ince space debris is largely 

confined to Earth .orbits, it oecupies a mueh smaller volume 

----------------------~ 
1. M.G. Wolfe, "orbit;.al Debris -- Current Issues as They 

Impact on an Expanding Material Presence in Space" (1.98,5), 28 
Colloquium Law of outer Space 260 at 261. Readings from 
meteoroid sensors indicate that the microparticulate popula­
tion alone may already exceed the nàtural meteoroid environ­
ment; D.J. Nessler and S-Y Su (eds.), Orbital Debris. proeeed­
ings of a Workshop sponsored by the NASA Lyndon B. Johnson 
Space Center, Houston, July 27-29, 1.982 (Washington, OC: NASA 
Scientific and Technical Information Branch, 1985) 8. Subse­
quent re-examination of the data obtained from a sensor on 
board Explorer 46, which was intended to evaluate the effec­
tiveness of double-wall structures to'proteet'against meteo~­
oids, revealed that most of the impacts were from micropar­
ticulate matter; see D. J • Ressler, "Impacts on Explorer 46 
from an Earth orb:iting Population" in Ressler and Su, ibid., 
220 at 220 and, infra, A/4(a). 

2 American Inst,itute of Aeronautics and Astronautics, 
"Space Depris" in Kessler al:1d Su, ibid., 365 at 366. 

". . 
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than do interpl~netary natural materials. 3 Finally, as part 
• 

of the uni versaI ba,6kground- thro).lgh which Earth -<passes, the 

- counted f'o'r in spacecraft desiqn. 4 

presence of the meteorôid population has already been { ., 
ac-

The spa ce debris population can ,be div~de_d into -four 

classes: inactive payloads, operational debris, fragmentation 
# 

~ ~ -~ 

debris and microparticulate matter. In 1987, there were'more 

than 7,000 trackable obj ects in out~r space. 5 As qf December 

1984, inactive payloads acc9unted for 20 par cent of the 

trackable popt~lation; operational debris, 25 per cent, and 

fragmentation debris, 50 per cent. 6 Microparticulate popu~a­

tions 'can çnIy be estimated, since they are untrackable. 

Excluding, inactiv~ payloads, which severai commentators 

/ 
3 " D.J. - Kessler, "Earth Orbital Pollution" in E.G. 

Hargrove (ed.), Beyond Spaceship Earth: Environmental Ethics 
and the Solar System (San Francisco: Sierra Club Books, 1986) 
47-at 48-49. Consequently, the estimated total mass of space 
debris' below 2,000 km altitude is 2,000,000 kg. For the 

~meteoroid population, the mass ls about 200 kg; Draft Special 
Report of the USAF Scientific Advisory Board Ad Hoc Committee. 
on Current and Potentiai Technology to Protect Air Force Spacé 

-- Missions from Current and Future Debris (Washington, DC: The 
Pentagon, 1986) 1. 

4 D. Fielder, -"Considerations for Policy on Man-Made 
Debris Propagation Control" in Kessler and Su, supra, note l, 
410 at 412. 

5 D. MCKnight, "Determining the Cause of a Satellite 
Breakup: A Case Study' of the :KOsmas 1275 Breakup". Pre-print 
of a paper prepared for presentation at 38th Congress of~·the 
IAF, Brighton, 10-17 October 1987, at 1. 

6 E.A. Roth, "Space Debris -- A Hazard f~r the Space 
Station?" (1985), 44 ESA Bulletin 63 at 64. ' Activeo pay10ads 
comprise just 5 per cent .of the trackable orbiting objects • .. 
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1 go not consider to be space debris, 7 about 57 Rer cent of the 

remaininq material ha~-been qenerated by the United states, 40 

per cent by the Soviet Union and 3 per cent by a combinat ion 

of the. United Kinqdom, the European .Space Agency (ESA) , 

France, West Germany', India, Japan and the ,people's Republlc 

of China. 8 

The length of time an item of space debris will. remain in 

outer space ls related to its orbital period, ie.l' the time it 
r \ 

takes a space object to complete one circuit arou!ld Earth. If 
( 

the orbital period is less tHan 95 minutes, natural decay 

mechanisms will cause the fragments to decay in a relatively 
, 

short period of time. With 'lenqthier periods, space debris 

can cause an "essentially permanent threat" to space naviga-

7 '. . See, eq, E. Marshall, "Space 'Junk Grows w1th Weapons 
'Test" (1985), 230 S(,lience 424 at 424, R.C. Hall, ,"Comments on 
. Traffic Control of Space V.ehicles" (1965), J Air L & Comm 327 
at 328 and D.J. Kessler and B.G. Cour-Palais, "Collision 
Frequency of Artificial Satellites: Creation of a Debris Belt" 
in H.B. Garret and C.P. pike Ceds.), Space Systems 'and Their 
Interactions w"ith Earth ts Space Enviroriment (NY: American 
Institute of Aeronautics and Astronautics, 1980) 707 at 107; 
oriqinally published in (1978), J Geophysical Research 2637. 
The latter also excludes jettisoned rocket motors' from the 
operational debris category. -

_.8 Marshall, id. 

9 WOlfe, supra, note l"'at 261 and 263. 
of natural decay mechanisms, see, infra, 
notes 219-223. 

1 

For a _discussion 
text accompanying 

1 
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1. INACTI~ PAYLOADS 

Inactive payloads are those former active payloads which 

can no longer be controlled by their operators. 10 

1;-000 ina~tive paylqads are now orbiting ~~h 

,from a few hundred kilom~tres -to 100,000 fi and 

lifetimes of many hundreds of years or more. 11 

foIore than 

at altitudes 

with orbital 

spent Earth-

orbiting satellites and spacè probes do~inate this-category.12 

1 
2. OPERATIONAL DEBRIS 

Operational debris are those objedts associated with 

sp~~e activities, which remai~ in outer space. since.Sputnlk 

l . was launched more than 30 years ago, some 7 , 500 of these 

mission-related objects have been deposited in outer space. 13 
" -

~ 

Mostly launch hardware, operati'onal débris also includes items 
- ~~ . 

1..~' r' 

placed,in outer space, either aèoidentally or deliberately, by 

humans during manned missions.'· ~I.,f the object is intentionally 

left by an astronaut or cosmonaut, then it i8 litter. ' 

T~e largest ,pieces of operational debris are- associated 

with placing satellites in orbite They consist of burnt-ou~ 

10 Loss of control over a. ilfunctioning space obj ect may 
occur due to the depletion off station-keeping 'fuel or the 
inability to communicate with the object: W.B. Wirin, "The Sky 
is Falling[:] Managing Space Objécts" (1984), 27 Colloquium. 
Law of Outer. Spa ce 147 at 151. 

Il N.L. Johnson, "Preventing Collisions in Orbit" 
(~ay-June 1987), SPACE '1 at 17. 

12 Wirin, supra, note 10 at 151. 

13 Johnson, supra, note 11 at 17. Many of these space 
objects have re-ent~red the Earth' s atmosphere and disintegrated • 

l, -.... ~\ 
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first and second 
- r.( 

stage < rocket bodies, orbital transfer 

vehicles (OTVs) and apoqee kick motors. 14 Other mission-
- . 

related objects inelude nose coneèlS and payload separation 

hardware (eg, ejected satellite shrouds and clamps,16 exploded 

restr~ininq bolts,17 fair1nqs18 and unattached release 

straps19), de-spin weight~ and staging mechanisms,20 exploded 
t" 

fuels tanks and Insulation,}l window and lens covers22 'and a 

camera from an Apollo mission23 . Technical mishaps have 
\ 

contributed raw propellant inadvertently dumped during fuel 

/ 

14 OTVs carry payloads from a low-Earth orbit (LEO) to 
the ,geostationàry orbit (GEP); apogee kick motors circularize 
the trajectory of the payload at the geostationary altitude. 

15 D.J. Frederick, "Litter in Space Increasing: Orbiting 
Trash Can Proposed" (March 1985), ~pace World 17 at 18. 

16 Marshall, supra, ~~te 7 at 424. 

17 D.A. Olmstead: "Orbital Debris Management: Interna-' 
tional Cooperation for a Growing safety Hazard" in G. W. -Heath 
(ed. ), Spa ce Safety and Rescue 1982-83. Proceeding!3 of the 
15th and 16th International Symposia on Space _ Safety and 
Reseue held in conjunction with the 33rd and 34th Internation­
al Astronautical Congresses (San Diego,' CA: Univelt, 1984) 241 
at 243. 

18 "Debris -- The POllutant- of oute~ Space" (unpublished 
paper, Webster University, CO, February 1987) 3~ , . 

~ 19 R. DeMeis, "Cleaninq Up Our Space Act" (February-March 
1987)-, Aerosp,,"ce America 10 at 10. 

20 :rd. 
, . 

21 Marshall,--'supra', note 7 at 4241. 

. 22 M.S. Smith, "Program Detail's of Màn-Related Space 
flights" in Staff of Senate comm.~::!Onautical and- Spa ce 

. Sciences, Report on Soviet Space P:r , 1971-75: Volume ,I 
(Comm. print 1976) 173 at 195 and Johnson, supra, note 11 at 17. 

23 Wirin, supra, note 10 at 16. 

" 
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t~an:sfers24 and "transient bits of frozen sewage" from the 
<, 

space shuttle25 • 
-

Human _spacef~rers have also left their mark in the forro 

of an astroriaut '-s glovè, 26 screws lost during the Solar 

Maximum- satellit~ ;-epair mission27' and other" "odds and ends" 
\ .. 

left byastronauts. Litterin9,is not the exclusive domain of 

ei ther maj or space power. US Gemini astronauts Young and 

Collins threw a trash ,bag overboard, "in a manner remîniscent 

of ea!"th bOU;' motor car travellers" ;28 ~o,viet cosmonau~s have 

jettisoned f;db the Salyut 7 s~ce station medicine ball-sized 

bags of garbage containing "ditty clothes, food.wrappers, and 

other trash". 29 

I~ addition to mission-related debris in o,rbit, items 

from space explqration activitie~ remain on celestial bodies. 

Various paraphernalia resulting from-the Apo~lo missions are 

'still on the Moon: failed space probes, such as the Viking 2 

24 B. -.Nolley, "Last Gas for 22,000 Miles" (February 
1987), :Space World 26 at 27. Leaked fuel f~eezes into flaky 
crystals. t 

25 Marshal~( supra, note 7 at 424. 

'. 26 "Debri's -- 'The 'Pollutant of Outer Space" (uJlPublished 
paper, Webster University, co, February 1987) 3. 0 

2.7 DeMe'is, supra, note 19 at 10. 

28 R.C. Hall, 
Made Obj ects from 
outer Space 117 at 

! 

"Comments on Salvage and Removal of Man­
Outer Space" (1966), 9 colfoquium Law of 

117. 

29 J.E. Oberg, "Eyes on the ·Sky" (May 1987), Air and 
Space 42 at 42-43. These object$ remain in orbit for several 
weeks before they disintegrate; ibid., at 43. 

, , 
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on Mars,JO remain on -the surface of .... other''planets in our sola~ 

system. , 

t'j- , 

3. FRAGMENTATION DEBRIS " , 

Fragmentation debris is produced when space objects break 

up as a resul t of explosions, collisions and possibly other 

unknown phenomena. Fragmentation debris from nearly 100 

identified satellite breakups accounts for 46 per cent of all 

cataloqued space obj ects in Èarth orbi t, and is found at 

altitudes below 2,000 km where many applicatio~s satellites 

function and whére all manned operations take place. 31 

, (a) Explosions 

Explosicms may be deliberate or acéldental.· As of 7 

Feb~ary 1987, approximately 90 èatalogued explosions32 have 

contributed' more tha'n 36,000 kg of debris fragments to the 

outer space environment, with, a s~gnificant portion of this 
> 

mass in the untrackable range of 1 mm to 1 cm. 33 Deliberate 

explosions result mainly from military programmes; accidentaI 

., 

, 30 "Satellites ip Trouble" (AuqUst-september 1983), Space 
Wor1d 20 at 21. Viking 1 faile~ May 1976. 

31 Johnson, supra, note 11 at 17. 

32 D.M. Nel.~pn, "Space Debris [ :] The Peril in Orbit" 
(unpublished paper, Webster University, 'CO, February 1987) 2. 

33 "Debris -- The Pol lutant of Outer space lJ (unpublislled 
paper, Webster University, CO, February 1987) 3-4. 
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explosions ate 

failures. 34 

, 
generally related -to prdpul~ion system 

(i) Deliberate 
, ~ 

Deliberate explosions are detonated to pre,!ent recovèry 

of certain satellites and to test military' we~ons. 
The Soviet Union has intentionally exploded certain 

ph9tographic, reconnaissance satellites as a means of preven­

ting their ,recovery by uI:tfriendly nations, when a formaI re- , 

entry was impossible. 35 In addition, the weightof cir-

cumstantial evidence favours deliberate explosions as the 

cause of the fragm~ntation -of at least .eight conventionally­

powered Soviet ocean surveillance sateilites. 36 

Three examples of deliberate destruction are Kosmos 1654,1 

exploded on 21 June 1985 to prevent recovery;37 Kosmos 1813, a 
" J USSR ·military surveillance. satellite, exploded on 29 January 

1987 to prevent either reco~ery by the United States or impact 

on a ·populated ,area after an uncontrolled re-entry, 38 and 

• 
34 Johnson, supra, note li' at 17. 

- - p • 
35 -N. L •. Johnson, "Artificial Satelli té Breakups (Part 1): 

Soviet Ocean Surveillance Séitellites" (1983), 36 J Brit 
Interp~anetary Soc 51 at 51. 

• 36 Ibid., at 58.. The reason for these intentional 
explosions is unknow~ However, accidentaI detonation due to 
a defective propulsion unit has not 'been ruled out; ibJ,.d., at 
57. 

37 Roth, supra, note 6 at 64. 

38 "Soviet Proton Booster Fails; Reconnaissance Satellite 
Explpdes", AVWlt&SpTech (9 February 1987) 26-27. The explosion 
produèed more tnan 100 trackable pieces of fragmentation 
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Kosmos 1906 , a new commerbial imaginq satellite 1 -èxploQed on 

)l.,_January 1988 to prevent possibre recovery by the United 

States39 • 

The anti-satellite (ASAT) programmes of-the United states 

and the Soviet Union and the us Strategie Defence Initiative 

(SOI) are also responsible for deliberate explos~ons. 

The term "ASAT" is used to describe any device capable of 

destroying the operational capability of satellites in Earth 
, . 

orbite These devices may be ground-based, air-based or space­

, based. 40 The two major'components of an ASAT system are the 

interceptor and the target. During testinq, only the inter­

ceptor breaks up: there is no evidence t9 suggest that target 

fraqm~tation occurs. 41 Every explosion is capable of 

producing ug to 10 mil~ion particlés42 which are concentrated 

debris in orbits more than 160 km'higher 
3aO-km orbit at the time of destruction. 
is unlikely any of the debris remained 
effects of atmo~pheric drag. 

than the spacecraft,' s 
At those heignts, it 

in orbit, drie to.the 

39 "Soviet Imaqing 'Satellite Explodes; Proton Booster 
Launch Fails", AVWk.&SpTech (22 February 1988.) 23. The 
explosion praced more than 100 pieces of space debris'in orbite 

40 M. =toja;, Legally pe~issible Scope of current ..... 
Hili,tary A vities in Space and Prospects for Their Future 
Control (Mont al: McGill University, 1985) 32-33. 

- ~ 

41 N. L. Johnson, "Artificial Satellite Breakups' (Part- 2) : 
Soviet Anti-Satellite Program" (1983), 36 J Brit 
Interplanetary Soc 357' at 358-61. Although two target 
satel4ites have alsintegrated in orbit, this phenomenon 
occurred lqng after they fulfilled their ASAT mission: see, 
infra, text accompanying note 73. 

42 F .K. Schwetje, "Space Law [ :] The Legal Aspects of 
Space Debris Control and Space 'Salvage Operations". Paper 
prepal:"ed for present~tion at the Inter-American Bar Associa-

, "','';­
, ' 
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at approximately 800 km altitude43 • If the target of an ASAT 
~-

attack were a satellite with a nuclear power sourCe (NPS) on 
14j. •• 

board, the explosion could release radl.oactl.vl.ty as well as 

fragments. 44 

The Soviet Union has an' o~erational qround-based ASAT 

system which it has been testing since 1968. The interceptor 

satellites are launéhed into an orbit close to that of -the 

'tarqet satellite and explode about 1: km from their t.~rgets. 45, 

If the test is unsuccessful and the interceptor remains ... 
intact, it ~ay still be exploded. 46 

a 

The Soviet ASAT programme can be divide~ into ~wo pnas~s. 

From 1968 to 1971, seven ASAT tests resulted in the breakup of 

six Soviet interceptors which, as of 1 February 1983, had 

accounted for 438 pieces of trackable debris. 47 The second 
, 

phase began in 1976. Of the 1:.0 tests flown until Atiril '1983, 
. , 

three interceptor f~aqmentatidb~ created. 136 t~adkable piec~s 
1 

1 

. of space debris. 48 'Although four othe~ il'l;terceptors fra'g-q 

tion meeting, Buenos Aires, May 1987, at 4. .. 
43 M.f? Smith, "protecting the Earth 'and Oûter jpace 

Environment: Problems of On-Orbit Space Debrids" (1982), 25 
Colloquium Law of Outer Space 45 at 46. 

ù 44 Id. 

45 Stojak, supra; note' 40 at 33. 
1 

46 IINÈiw"'>Soviet Antisatellite Mission 
US'Tests", AvWk&SpTech (28 A~ril 1980) 20. 

, " 

47 Johnson, supra, no~e,41 at 358. 

4B Ibid., at 358 and 360. 
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mented, a reduction in the flight time by half ,enabled any 

debris ta decay in the Earth's atmosphere. 49 

The 

pbases. 

warheads 

US ASAT programme can also be divided )pto two 

Phase 'l' ran from 1964 until 197 S, u~,.fig nuclear 
t 

launched by ground-based missiles. Phase II began in' 

1982 as a response to the continued Soviet effort, and 

consists of a miniature homing vehicle (MHV) which would be 

launched from a two-stage ropket, carried by an F-15 
o 

aireraft. 50 The US Air Force (USAF) is aiso examining the 

possibility of complementing ,the,MHV system with free-electron 

lasers in th~ future. 51 Unlike their Soviet counterparts, US 

ASATs will destroy their targets by impact, 52 possrbly 

'" producing less debris53 . The system began testing ?in Autumn 

49 Ibid., at 360. , 

50 Stojak, supra, ...pote 40 at 39-41. 

51 "Defense Dept. Unveils $1. 2-~11ion ASAT Restructuring 
Plan", AvWk&SpTech (16 March 19B+,) 19 at 20. See also, 
"Physicists Assess Laser Lethality for Ballistic Missile' 
Defense RaIe", AvWk&SpTech (18 M.ay 1987) 104. 

52 Stojak, supra, note. 40 at 39-41. 

53 Smith, supra, - note 43 at 46. Notwith~tanding, this 
possible reduction, VS ASAT tests are adding to the debris 
population. Eq, on 13 September 1985, a US missile struek an 
old Air Force satellite ~78-1) in a low polàr orbit of about 
530 km altitude, creating "100s of bits of debris"; Marshall, 
supra, note 7 at 424. 

l' 

---, 
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198554 and is expeeted to beeome _ ope~~tional in the early: 

1990s55 . 

The SOI programme, announced in March 1983, will provide 

the ~S with a spacetbased capability to ~ntercept and destroy 

strategie ballistic missiles systems before they can reaeh the 

ground. 56 Opinion is divided on whether SDI weapons tests 

will substantially increase the space debris populat~on. One 
(J 

analyst has stated that these tests "could present a maj or 

debris problem". 57 Another has suggested that the tests would 

not n.ecessariIY add ~problem if they are conducted below 

570 km, thereby enabling the debris to deeay within a few 

weeks following the test. 58 

(ii) AccidentaI J 
AccidentaI fragmentation is generally the result of a 

propulsion system failure, although engine failures during 

operations have also resul ted i~ satell i te'l eXplosions. 59 Old 

54 "Reagan Orders Test of Antisatellite Vehicle Against 
Space Target", AvWk&SpTeeh (26 August 1985) 23. The two 
initial ASAT launches in 1984 did not involve interceptinq an 
object in space; ibid, at 24 •. 

. 55 "Defense Dept. Unveils $1.2-Billion ASAT Restrueturing 
Plan", AvWk&SpTech (16 Mareh 1987) 19. 

56 Stojak, supra, note 40 at 43. 

57 Smitn, supra, note 43 atJ'46. 

58' t ~ DeMe1s, sURra, no e 19 at 11. 

59 JZson, supra, note 11 at 17. Eg, the explosion of 
~ I<oslbOS 1423 in December 1982 was due to en9ine. failure. 

----------------~.~--
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US and USSR rocket bodies whose fuel tanks have exploded are a 

prime source of debris. 60 

-
Perhaps the classic example of propulsion system failure 

is that of the second stages of the US Del ta rockets. 

Beginning in 1973 , seven Del ta second stages exploded after 
.1(' 

successfully performing their payload delivery missions, 

producing 1,230.. known space debris objects. 61 More important­

ly, some of these rqckets were presumed de ad fin outer space . -

for as long as three years prior to explOding. 62 Subsequent 

investigation revealed that residual hypergolic (self-

igniting) propellants were, responsible for the explosions. 63 

As a result of this discovery, depletion burns were imple-

mented in the early 1980s following payload deployment. wi th 

the tanks emptied, no further explosions of this type oc-

curred. 64 As of June 1981, more than 22 per cent of the total 

space debris population was attributable to 

explosions. 65 

60 Frederick, supra, note 15 at 17. 

61 Johnson, s~ote 11 at 1;-18. 

62 Schwetje, sup~a, note 42 at 4. 

these Delta 

63 DeMeis, supra, note 19 at 11. Shutting the propellant 
tank vent valves had allowed pressure té::> build up, until one 
of the two fuel tanks in th~ rocket ruptured and shot frag­
ments into the other. The hypergolic propellants then met and 
exp1oded; id. 

64 Johnson, supra, note 11 at 18. 

65 Johnson, supra, note 35 at 58. 

1 
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The 13 November 4986 explos~on of an Ariane-1 third stage 

booster rocke~ is >lEln bvent- likely ta be recoqnized as t1'!-e 

worst satellite breakup in his1!hry.66 Launched i'ri Fe,bruary 

1986, the booster exploded at an altitude of about 780 km, 
. -

creatinq sOlll,e 200 pieces of trackable space debris in orbits 

'" " of about 430 to 1,340 km altitude, a reÇJion- where much of the 
, ,. 

Del ta debris is located.,67 As o~ February 1.987, invèstigators 

hpd not set1:-led 

dent. 68 

on a definitive explanation for the. acci-. , ,).. 

J 

(iii) Cause Unknown 

The cause of several rècord~ed explosions has yet to be 
0' ..... 

determined. Alternative explanat~ons include deliberate-

destruct.i,on, 'malfunction of a satellite sub-system and 

cOllisiçn. Examples of such debris fragmentations include the , . 
suspected 

o 

breakup of two. Soviet space stations69 and thé 

unexplained disintegration of two ,Soviet ASAT target satel­

lites70 . 

On 14 April 1973, 11 days after take~off, -the USSR Saly~t 
. 

2 spa~e station underwent a catastl:ophic malfunction, leavinq 

66 Johnson, supr~, note 11 at 18. 

67 '.Used Ariané Stage 'Explodes, Creatinq Space Debris 
Hazard", AvWk&SpTech (1- December 1986) 34. - , , 

68 DeMeis, supra, note 19 at 11. See also, infra, text 
accompanyin~notes 131-133. 

69 smith, ~pra, note 43 at 46. 

70 J~hnson, supra, note 41 at 361. 

---------~---~--------------
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the vèhiële tUIl\l:iling in space without telemetry return. An, 
~. 

-léxplosiQn or' a mis-firing thrus~er were both suqgesteà as 
( , 

. , 
causes for the inciàent. The most 'widely held theory iS-that , 

the spacecraft' s orbiting 0-1 booster upper stage exploàed, 

with its debris damaging the_ space st~tion. 71 The deca~ 
Kosmos 557, believed to be a manned Salyut spacecraft, has 

also been attributed to an explosion, although details' of its 

de~ise are sketchy.7~ 

1 \ The ASAT target- satellites, Kosmos 839 and Kosmos 880, . -' ., 
broke up on 29 September 1977 and 27 November 1978, respec-

tively, long after fulfilling their missions. They are the 

·only two target satellites known to have expl.pded. Although 
Q 

it is impossible ta ascertain what cauSed these explosions,the 

most likely explanation is a collision with àebris. 73 

-
Cb) Collisions 

Fragmentation àebris causeà by collisions poses a gre~ter 

threat to active payloads--', than breakup fragments from ex­

plosions. Collision,,:,induced fragmentation àe~ri,s Is pr<?duced 

in qreater quantities than explosion fragments, is qenerally 

too small to be tracked and travels at speeàs ~a~ greater than 

i~s explosion-induced counterpart. 74 

,71 Smith, supra, note 22 at 194-95. 

72 Ibid., at 195-96r 

73 Johnson, supra, note 41 at ~6l-62. 

74 Johnson, supra, note 11 at 18. See also, infra, B/I. 
" 
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(c) Cause \unknown 

,certain incidents of debris fragmentation cannot he 

attrihuted ta a specifie cause. Examples include the breakups 
~ 

of Transit 4A, KOsmos 954, SNAP-I0A and Kosmos 1275. 

The first known satellite breakup was the 'il'ransit 4A 

Ahlestar rocket body on 29 June 1961. with 206 pieces still 

in orhit, this incident ranked in 1986 as the third worst 

fragmenta-tion event on record. Although the exact cause of 

the accident is not known conc~usively, an 1 inadvertent 

activation of the range safety destruct package is corisidered 

the 1ikely·culpr!t. 75 

Kosmos 954 is perhaps the most infambus case of fragmen-

tation to date. Launched on 18 September 1978, the Soviet 

ocean surveillance satellite hecame uncontrollable, premature-

ly re-entered the atmosphere, deposited radioactive ,~ebris 
, 

over Northern Canada and was responsible for an expensive 

clepnup of the contaminated regio~. The cause of t~e fragmen­

tation is not yet confirmed. A Soviet spokesman stated that 

the satellite collided in flight with either a meteorite or 

space debris;76. Canadian officiaIs stated that the separation 

was caused by an engine malfunctlon. 77 The latter explanation 
\r.. '~. 

is more convincing, since those monitoring the Kosmos 954 were 

75 Johnson, ibid~, at 17. 

76 "Fallen Nuclear Satellite' Poses No Danger" (1978), 30 
current Digest Soviet Press (1 March) 1. 

7"1 "Intensive Analysis Under Way on Cosmos Debris in 
CanaQa" 1 AvWk&SpTech (13 February 1978) 22-23. 

\ 



c 

•• 

~, '~, 

'" - .. 

21 

aware of its irregular behaviour before its failure on 6 

January 1978. 78 

SNAP-10A, the only US nuclear reactor spacecraft placed 

in orbit by September 1986, was laul)ched in April 1965 in a 

_ 1,300 km orbit.~ince late 1979, SNAP-10A has produced pieces 

of space debris on at least six occasions. The nature of the 

debri~ ~nd the cause of its liberation are un~n.79 

Kosmos 1275 broke up into more than 200 trackable 

fragments on '24 July 1981 at an altitude of 977 km. Although 

there is still much uncertainty due ta a lack of info~ation 

about the fra~entation, it has been speculated that the event 
( 

was the result of a hypervelacity collision with space 

debris. 80 Evidence in support of this theo~y is becaming 

increa~ingly difficult to refute. 81 

78 Id. 

---_ 79 "Radioactive Space Debris Study Cites Hazards to 
Satellites, Earth", AvWk&SpTech (22 September 1986) 19 at 20. 
SNAP stands for Systems for Nuclear Auxiliary Power. AlI qpd­
numbered SNAP power plants use radioisotope .fuel. Ev\en­
numbered units have nuclea,r ~fission 'reactors as a source of 
heat; Wirin, supra, note 10 at 154. See also, text accompany­
ing note 144. 

80 Hypervelocity speeds occur when an object travels a> 
1 km/sec or more. . 

, 
text 

81 McKnight, supra, note 5 at 1 and 7 .. , See also, infra, 
accompanying not~s 126-127. 

\, 
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- 4. MlCROPARTlCULATE MATTER 

..,. Varying in size from 1-100 microns 82 microparticulate .,. , 
'" --o:e. matter consists of particles, gases and spadeglow. lt has 

been estimated that between 10 billion and thousands of 
J 

trillio~s of microparticulates are present in outer space. 83 

This class of space debris is created from- various sources, 

including solid-propellant rocket motors, surfaces of orbiting 

objects and manned spacecraft. 

(a) Solid-propellant Rocket Motors (SRMs) 

SRM effluent comEis from three ·sources: the exhaust plume 
-

during rocket firin.g, the rocket nozzle during the postfire .. 
period and SRM auxiliary hardware. 

tI\ 
Effluent sampling of inertial upper stage (lUS) exhaust 

plumes has revealed production of aluminum oxide particles 

ranging from 0.25-5.5 microns,84 solid carbon particles of 

82 D. J. Kess~er, "Space Debris: More. Than Meets the Eye" 
(June 1987), Sky , Telescope 587 at \.)587. One micron is one 
millionth of a metre. 

83 '---M.G. Wolfe and L.P. Temple III, "Department of Defence 
Policy and the Development of A Global Policy for the Control 
of Space Debris". Pre-print of a paper prepared for presenta­
tion at 38th Congress o.f the International Astronautics 
Federation, Brighton, 10-17 October ~987, at 3. 

84 In composite SRMs, metallic aluminum is often. -mixed 
with the solid propellants to make them burn faster. ' As a 
result, the final product of combustion is aluminum oxide in 
the forro of solid particulates; see F. Zwicky, "Examples of 
Activities in Extraterrestri'al Space Which Might be Judged 
Harmful, Harmless, Useful, or Either[sic] One of These, 
Depending on the Viewpoint" (1972), 15 Colloquium Law of Outer 
Spa ce 259 at 261 and P.T. Girata Jr. and N.K. McGregor, 
"Parcicle Sampling of .Solid Rocket Motor Exhausts in High 
Al ti tude Te~t Cells" in J. A. Roux and T. D. McCay (eds • ) , 



( 

1 
23 

submicron sizelS and particles o1i potassium, phosphorus, 

çhlorine,. 'sodium and calcium in a molten state86 • Gases emit-
, 

. 

ted during the rocket burn inclu~e principally carbon dioxide 

and with'. small:er amounts of oxygen and various 

hydrocarbo '9. 87 

the postfire period, effluent may be emitted from 

the nozzle, possibly f~ as long as 20-35 minutés. AlI 

effluent constituents have not yet been identified: however, 

it ls known that gaseous and particulate.substances are given 

off when the propellant has bl:rned out. 88 During this phase, 

the major contaminants are oil and grease, both of which are 

r~leased when·--the nozzl.e flexible-seal è::omponents rupture. 89 

Spacecraft contamination: Sources and Prevention (NY: American 
. Institute of Aeronautics and Astronautics, 1984) 293 at 293. 
It has been estimated that more than 450 kg of aluminum oxide 
particles have been deposited in outer space. In contrast, 
there are about 200 kg of meteoric material below 2,000 km; 
SAB draft report, supra, note 3 at 1. It is estimated that 
tens of hundreds o·f trillions of aluminum oxide particles, 
generally smaller than 0.01 !":lm (10 -microns) in diameter, are 
in outer space: Kessler, supra, note 82 at 587 and Wolfe and 
Temple, supra, note 83 at 3." r 

85 During th'e combustion process, carbon microparticu­
lates result from erosion of the carbon-carbon rocket exhaust 
nozzles; Girata and McGregor, ibid., at 294. 

86 P.T. Girata and W.K. McGregor, "Postfire Sampling of 
Solid Rocket Mot'ors for contamination Sources in High-Altitude 
Test Cells" in Roux and McCay, supra, note 84, 312 at 325. 

87 Id. 

88 Ibid., at 313. 

89 Ibid., -at 326. 

, .' 
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outgassing of adjaèen~~ materials outside the nozzle 

producès unknown contaminants which result when heat from the 

SRM nozzle is transferred to the surroundinq surfaces. 'Also, 

more importantly, emissiQns from auxillary hardware (eg~ 

actuators and lubricated seals) 'may occur for several minutes 

after burnout, due to thermal heatinq.?O 

(b) Surfaces of orbiting Objects 

Various coatinqs and materials used in spacecraft, 
~ - .-

notably paints and their binder agents, leave bits of space 

debris behind. This coating degradàtion and chipping is due • 
to e~osurel to ultraviolet radiation and atomic oxygen and ·to 

expansion and contractïon stresses ,resul ting from sev~re 

-éhanges in temperature. 91 

(c) Manned Spacecraft-induced Objects 

The first four fliqhts of the space transportation system 

(STS) orbiter revealed a variety of STS-induced microparticu­

late mé)tter, both planned and ~nplanned. - R\eas,,:d materij\ls 

inc~uded cabin leakaqe, outgassinq of heavy molecules, water 
, 

dumps, flash evaporator system operation, reaction control 

system engine firinqs and particlè and gas releases. Future 

9rbiter payloads will be protected from this type of sp-ace 

debris throuqh the use of prQtective coverinqs. Other 

90 Ibid.,~t 313-14. 

91 Frederick, supra, note 15 at 17-18. It has been 
estimated that there are trillions of - paint flakes -.in outer 
space; Wolfe and Temple, supra, note 83 at 3. 

" .. 
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occasional events such as the operation of enqines and payload 

hay doors are causes fOl: "excessive molecular and/or particu-,. 

late contamination ••• ". 92 1 

Th~ orbiter also exhibited a, radiated qlow (spaceqlow) 

which extended outward from its sur~aces.93 Althouqh it is a 

transient phenomenon, spaceqlow is a potential debris source ~ 
'k 

since it interferes with space-based optical measurem:ents. 94 

Spac~qlow is nôt yet well understood by scientists. What is 

known ls that a continuous qlow exists' durlnq passive opera-

tion conditions and thruster firinqs~95 Recent studies 

indicate that spaceglow,depends on the energy trahsfer to and 

the subsequent desorption of adsorbed species such as nitrogen 

compounds, particularly nitrogen dioxide. 96 
l , 

, 92 H. K. F. Ehlers et al., "Space Shuttle Contamination 
Measurements_ from Fliqhts STS-l Throuqh STS-4" (1984)-', 21 J 
Spacecraft & Rockets 306 at 306 and 307. In these studies, the 
cargo bay of the orbiter was virtually empty. Therefore, the 
amount of space debrls created when payloads are on board may 
be significantly greater. 

(7'" 93 R.K. Cole et al., "Ato~ Oxygen Simùlation and. 
Analysis" (1987), 15 Acta Astronau~ils 887 at 887. 

94 Ibid., at 889. 

95 B.D. Green et al., "The _Shuttle Environment: Gases, 
Particulates and Glow" (1985) L 22 J spacecraft " Rockets 504 
at 504, 506 and 510. 

- 96 Cole, supra L note 93 at 890-91. 
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BI RISKS POSED BY ~PACE DEBRIS 
'IhT • 

-- Collisiôn
1 

and ,interference are the major risks spac,e 

debris poses to human life -ând active payloads. A collision 

may result in loss of property or life, damage to pers ons ,or 

prope~~ qeneration of further debris,. misinterpreta.tion, 

release of contamination" or the need to alter filpace opera­

tions or space objecu design. Interference~wfth _scient~fi9, 

commercial and military space activitJ.es may be caused by the 

quantity of debris ~ccumulating in outer space. The pos-

sibility also exists that space debris could be used for 

military purposes. 

The threat from space debris varies wi th the size of 

debris obj ects encountered. As Table 1 on the next page 

illustrates, possible hanns range from loss of the capahili-
, , 

ties of a Ei~tellite suh-system, to spacecraft ~obliteration. 97 

Objects of the qreatest concern are between 0.1 and 10 mm in 

diamet:er. 98 Present spacecraft systems are particularly -,~ 

vulnerable, mainly because the y have not been -designed wi th 

these threats in mind. 99 " 

97 O.s. ~qecombe et al., ftspace Craft Design Alterna­
tives, to Accommodate the Collision Threat Posed by Orbiting 
Man-Made Débris" _ in Heath, supra, note 17, 223 at 226. 

98 SAB draft report, supra, note 3 at 4. 

99~EdgeCOmbe, supra, note 97 at 226. 

" 
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DEBRIS SIZE 
<MSS) 

SUBMILLlMETRE 
(microgram) 

MILLIMETRE 
(milligram) 

CENTIMETRE 
(gram) 

DECIMETRE 
(kilogram) 

1. COLLISION 
\ 

t· 27 

" TABLE 1 - lUSE OF DEBRIS SUMMARyl00 

NA~ OF TKREAT 

DEGRADE OPTICS, 
SOLAR PANELS 

RELATIVE 
PBQBABILITY 

MOST PROBABLE 

PENETRATE UNSHIELDED LESS PROBABLE 
S A T ,E L LIT E 0 R,,- THAN ABOVE 
SPACECRAFT 

PENETRATE SHIELDED 
SATELLITE OR 
SPACECRAFT 

FRAGMENT SATELLITE 
OR SPACECRAFT 

LESS PROBABLE THAN 
ABOVE 

LEASTJ PROBABLE 

(a) 'Loss of or Damage to Persons and Property 

• (i) Loss 

. A common assumption about space debris is that the 

col.lision nazard it poses is not a serious one. Over time 

this is. Ilot'the case. With speeds averaging 10 km/sec (more 

than~35,OOO ~/hour), a,o.s-mm chip of paint could punctur~ ~ 

standard space suit, killinq an astronaut engaged in 

extravehicular activity. (EVA) .1.01 Thé risk of such a 

100 Adapted trom Table 1, id. 
- J 

ft' ~, ... 

101 L.P., Temple - III, "The Impact of Space Debris ~n 
lfanned Space operations" .. Paper-~prepared for presentation at 
the AlAA Space Systems Tecbnology C9nference, San Diego, CA, 
9-12 June 1986, at 6 and Wolfe and Temple, supra, note 83 at 3 •. 

-. ! 
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co11ision has increased four frders of maqni tud'e' in ten . 
years. 102 ... 

, 

(",,. t • 

At these 'speeds, a pol1ision, between a piece of space 

debris and a spacecraft cou1d be catastrophic.~03 For 

examp1e, if a debris object one centimetre in diameter struck 

a space station, it cou1d penetrate the - pressurized crew ... 
module, ki11ing the -crew and. causing the station to break 

up. ~04 The same object could pierce the window of a space 

shutt1e, ki11ing its occupants and seriously damaging ~the 

spacecraft,105 or cou1d disable or destroy a satellite in GEO, 

since the collision w01.1ld ~ect from the satellite .,a mass of 

115 times the mass of the impacting debris106 • 

(ii) Damage 

Ç,allisions " wi th space debris could caUse varying degrees 
. 

of damage. "Graceful" degradation of spacecraf~. capability 

coüld occur, due to pitting or fracturing of optical surfaces, 

~02 Temple, ibid., at 6. 
factor of 10. 

One order o;e ~agnitude is a 

103 M. Nagatomo,· "E~r"th Satellite .Collision Probability. 
in,s:pace station" Er\" (1986), 13 Acta _Astronaut~ca 333'at 333. 

.. , 6 .. 

'104 "Stati911 Likely To Be Hit By Debris", AVWk&SpTech (17 
September 1984), ,:16 and Edgecombe, supra, .note ~7 at 226. 

105 A. Obl'arg, "Trashirig the Orbital Frontier" (October 
1984), Sc~ence Digest 41 at 42-43.-

, 106 S. wiessner, "The Public Order of the Geostationary 
Orbit: Bluepr!nts for ·the Future" (1983), 9 Yale J World Publ 
Order 217 iJt 226-27. For a summary of this article, see 

. "Acpess to a :Res Pub~ica :InternÇional.is: The Case o~ the 
Geostationary Orbit" (1986L, 29 cdlloquium !av of outer Space 
147. ,-

, 
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solar cell cover glasses or special thermal coatings; the skin 

of a spacecraft (shielded or unshielded) could be penetrated, 

leading to damage or destruction of secondary sub-systems· (eg, 

computers and'communications equipment) or of even more robust 
~ 

sub-systems· (eg, propulsion system cODlponent~ ~nd high-

pressure fuel tanks).107 In addition, launching upper stages 

with SRMs in the vicinity of the STS orbiter leaves open the 

possibility of damage to thermal protection tiles and crew 

observation ~indows from the impact of single l~rge particles'~ 

or from erosion caused by a high velocity cloud lOf small 

particles. 108 

The risk of damage is not limited to manned spacecraft 

and satellites, but aiso includes a significant and escalating 

danger to Earth-orbiting observatories such as the Hubble 

Space Telescope. 10g , , 

(iii) The Evidence 

The first indication· that spa ce debris was cOll-iding _ wi th 
~ ~~ 

active payloads was obtained from Explorer 46. Launched on 13 

August 1972, tli~~ __ ~~atellite included a meteoroid humper - ~.- --\.. --. 

107 Edgecombe, supra, note 97 at ~26. 

108 Girata and McGregor, supra, note 84 at 294. 
-1 

109 "Hubble Trouble?" (January 1987), Sky & Telescope 31. 
The Hubble telescope is the first in a series of Great' 
Observatories planned hy the US spa ce science programme for 
placement in LEO; W. W. Mendell and D. J. Kessler, "Limi ts to 

, Growth in Low Earth Orbit lt • Papf3r IAA-:S7-574, prepared for 
. presentation at 38th Congress of the IAF, Brighton, 10-17 
Octoher 1987, at 1-2. See also, ~nfra, note 167. 
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experiment which was sensitive to impacts by particles larqer 

th an about 0.1 mm. Analytieal results of the 43 impacts with 

Explorer 46 can only be explained by a population of Earth­

orbiting objects. The orbital flux was 1.9, ab~a factor of 

3 below that for meteoroid flux. 110 

The first real proof that spacè debris was strikinq 

active payloads was the Skylab cosmic dust experiment, 5-149. 

Its purpose was to look for meteoroid impacts. Chemical 

analysis revealed a high incidence of aluminum in the impact 
\. 

craters~lll the source-of which could only he man-made. , 

windows on the returned Skylab IV Apollo Command Module 

were also examined for meteoroid impacts. It was discovered 

that about 50 per cent of the hypervelocity pits covering the . . 
windows were aluminum lined, probably the result of collisions 

with aluminum oxide particles'~om SRM exhaust. 112 
Q; 

The windshield of the STS orbi ter Columbia suffered , 

damage during 'the STS-5 mission and had to be replaced after 

it was likely 'Struck by a 13x13 cm Jftetal tile carrier piate 
.? 

-
dislod~ed from the orbi ~er 1 s nose on re-entry. 113 Al though 

" 110 Kessler, supra, note 3 at 57-58 and SAB draft'r~ort, 
supra, note 3 at 2. The orbital flux factor represents the 
number of objects found in one square metre every year. 

\ 

'- 111 Wolfe and Temple, $upra,(note 83 at 3-4 and Kessler, 
ibid., at 57. 

112 Kessler, ibid., at 57; Frederick,'- supra, note 15 at 
18, ~nd Wolfe and Temple, ibid., 63 at 4. -" 

113 "strike craters Shuttle Windshield, Forces Repiaee-
mentit, AVWk&SpTech (11 July 1983) 18. 0 ' J 

" , ' 
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not strictly a collision with debris separate from the 

- - spacecraft, i t could be arqued that the tile is operational 

\ debris. 114 

Perhaps the most widely discussed collision ta date is 

the Challenger windshield incident which occurred in June 1983 

an the third day of the STS-7 mission. This impact represents , 
the first confi:.rmed damage ta an operational . spacecraft by 

space debris .115 At first believed to be a micrometeorite 

impact, it was later determined that the object which damaged 

the orbiter's windshield was a particle of thermal paint about 
\ 

0.'2 mm in diameter, striking the glasS at a speed of between 

3-6 km/sec. The collision left a crater 2.0-2.4 mm across and 

0.63 mm deep, and damaged the glass out to a diameter of 4 mm. 

Due to the severity of the impact, the window could not oe 

reused.-l16 

Another collision which occurred in June r9'83-~as gone 

virtually unnoticec;l. ~hortly after payload separat!"ion,) the' 

~at Oscar 10 amateur radio satellite was struck twice,~by the 
..... 

Ariane third-stage rocket which launched it. The' venting of 
-

residual propellant from the stage apparently pushed ~he 
" 

of 

-' ~14 This incident rad.ses the issues of when a space 
object becomes space debris and whether appropriate precau­
tions are taken on the ground to prevent the accumulation of 
such debris. 

115 Kessler, supra, note 82 at 587. 
; 

116 "strike Craters Shuttle Windshield, - Forces Replace-) 
ment", AVWk&SpTech (11 July 1983) 18; Frederick, supra, note 
15 at 18; DeMeis, supra, note 19 at 10: Kessler, supra, note 
82 at 587, and Kessler, supra, note 3 "at 57. 
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A='0cket into Oscar 10. The satellite suffered damage tO'one of 

its antennae, but was able' to carry out its mi~sion.117 

Most recently, examination or insulation blankets 

recovered from the Solar Maximum Mission satellite (Solar Max) 

has revealed'tiypervelocity impacts with meteoritic materials, 

paint particles and particles of' an unknown origin. 118 
. 

Scientists found ~ many more impacts in the blankets than 

expected. 119 - Analysis indicates 'that possibly 70 per cent of 

these impacts resul ted from sp,ace debris. The source of the 

particles Qf unknown origin ,remains en!gmatic. It se~ms likely 

they are' part of the space debris population, although it is 

, but highly imprQ.bable, that l certain of these conceivable, 

particles have an extraterrestrial origin. 120 

In several cases where the cause of loss of or damage to 

active payloads is unknown, collision has been put forward as 

a possible e.Kplanatf0n. In these instances, analysts have 

concluded that, but for a collision, the incident would not 

117 "European Radio Satellite Hit After Ariane Separa­
tion", AvWk&SpTech (25 July 1983) 25. This incident points to 
the necessity of more adequate graund planning in arder te 
avoid collisions in space. 

tl~ Kessler, supra, note 3 at 58. Launched in 1980, Selar 
Max had been expesed te the outer space environment for four 
years and 55 days before its orbit decayed ar:td the satellite 
was retrieved by the STS 41-C crew in April 1984. 

119 Wolfe and Temple, supra, net~ 83 at 4. 

120 F.J .M. Rietmeijer et al., "An Inadvertent capture 
Cell for Orbital Debris and Micrameteorites: ~he Main Electro­
nics - Box Thermal Blanket of the Solar Maximum Satellite" 
(1986), 6 Advances in Space Res 145 at 147-48. 

( -
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have .occurred~ however, even the s't:rongest evidence is on1y 

circumstantial. 

circumstàntlal evidence suggests a-good possibility that 

the US communications reflector balloon PAGEOS was fraqmented 
'" 

r -
in 1975 by a collision with space debris. If an obje~t had 

pierced the balloon, there should have been two separate sets 

of fragments --one moving out from the entry hale and one from 

the exit hb1e. Computer ana1ysis pointèd to this poss.ib:i:Jity: 

a potential suspect for the impacting obj ect was even iden-
-

tified. However, that piece was never detected aqain. 121 

- Soviet target satellites Kosmos 839 and Kosmos 88-0 
-

dissociated -éxplosively in September 1977 and November 1978, 
>{J 

( 

respectively. A~th6uqh it has been impossible to ascertain 

'!--~t" whéther either of thes~ satellites was struck by spaee debris, -,l, ' 
7, ''''-a circumstantial case can be made that they :!lere struck by 

fragmentation debris from the \ Soviet ASAT Kosmos 886. 122 

Circumstanees surrounding the sudden depressurization and 
'-

deseent to Earth of Soviet oeean surveillance satellite Kosmos 

954 on 6 January 1978 suqgest that a collision may have 

oceurred. 123 The official Soviet view is that the rapid 
p 

'depressurization could not have- been caused by other than a 

121 11. Schefter, ~'The Growing Peril of space Debris" 
(July 1982), Popu1ar Science 48 at 51 and N.L. Johnson et a1.-, 
History of On-Orbit Satellite Fragmentation (2d ed.). Prepared 
for US Army Strategie Defense Command (Colorado Springs, CO: 
Teledyne Brown Engineering, 1986) 1-47. 

122 Johnson, supra, note 41 at 361-62. 

123 Marshall, supra, note 7 at 425. 
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collision with space debris. On the other hand, US observers 

state that the satellite was misbehaving as early as \7 

December 1977. The two v,ersions might not be incompatible. 

\ If the satellite was out of control on 17 De mber, it could 

have subsequently collided However, the 

soviet Union denies that the satellite inoperati ve 

before 6 January.124 
.( . 

ESA 1 S magnetospheric' satellite (Geos-2) appears to have 

been involved fn a collision in 1978, based on the fact that 

this satellite was carefully designed to eliminate the damage 

which occurred . :If this incident was the result of a col-

.. lision, it is significant, since Geos-2 was 

GEO.125 

The viorènt breakup' of Kosmos ,12':75 (1981-53A) 'over Alaska 

in July 1981 odlY seven weeks ~fter launch suggests that f a 
~ 

hypervelocity collision might have 
, 

occurred. It may be 

signifkant that this payload was at an altitude (900-1,000 
/ - -

km) and inclînation with a relatively high probability of 

collision. This Qrbit contains debris from several fragment-

124 v. Rich, "The Facts About }{osmos-954Il (1978), 271 
Nature 497 at 498. 

125 G. Wrenn, "Geos 2 in Spaa-e Collision?" (1978) , 274 
Natul:e 631 at 631. 
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intensive on-orbit breakups.126 
1 

However, the official cause 

of the breakup is listed as unknown. 127 
\ 

On 27 Ju1y 1983, about three weeks after the Challenger 

windshield incident, a window on the Soviet Salyut 7 space~ 

stat.r"n was struck by a space objecte The impact, heard by 

the two-man cosmonaut crew, 'formed a crater of about 3 mm in 

diameter .128._ Although scie~tists we~e not certain whether the 
, 
" 

damaqe was caused by a mi~rometeorite or space debris at the 

time, the most recent version of the ihcident states that the 

object was a micrometeorite. 129 

One case of damaqe(possiblY the result of a collision 

involved a Tracking and Data Relay Satellite (TORS-A) in April 

198,3. [RS-A s~ffered vehicle dynamics and thruster prob:ems 

when 't col1ided with its IUS booster, after the booster 

malfun tioned. It has been suqgested that when TDRS-A 

separated from the booster, the spin rate of the TDRS-A 

126 N.'L. Johnson, "Historyrtnd consequence of On-Orbf.t 
Break-Ups" (1985), 5 Advances i~: :wace Res Il at 14: Marshall, 
supra, note 7 at 425, and Kessl(er, supra, note 3 at 51-52. 
See also, infra, text accompanyin9 notes 232-233. 

127 Johnson, supra, note 121 at 1-276. Further discussion 
of this incident is available -for those with access to 
classified NORAD Technical Memorandum 81-5-3. 

128 "Space Object Strikes Salyut Window", AvWk&SpTech (8 
Au~st 1983) 20. 

" 

129 "Soviets Conduct Unusual Manned, . Unmanned Activi-
ti$.s", AvWk&SpTech (7 September 1987) 29. 

-,-
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allowed the booster to scrape aLong the bottom of the satel­

lite, thereby causing th~ damage. 130 

The in~orbit fragmentation in November 1986 of the third 
~ --

stage of an Ariane rocket could have been caused by a col-

lision. Scientists suggest that the destruction resulted from 

either an explosion of undissipated gases or a collision with 

an orbiting fragment. 131 OfficiaIs prefer the explosion 

theory;. when computer analyses were conducted to determine 

whether the breakup was caused by space debris, no trac~able 
"-debris was found in the area. 132 --At present, the US National 

Aeronautics and Space Administration (NASA) and ESA are 

examining -the rocket fragments for a defini ti ve explanation. 

An abundance of evenly distributed, small chunks would 

indicate an explosion; larger pieces on trajecfories skewed 

'toward one direction would suggest an impa9t.133 

(b) The Cascade Effect 

Perhaps the most serious consequence of collisions with 

space debris is the cascade effect, first hypothesized in 

130 "TORS Orbital Shift Oelayed Pending Study" , 
AvWk&SpTech (18 April 1983) 26-27. 

131 "Ariane Booster Fragments in Space" (February 1987), 
Satellite Telecommunications 11. As a resul t of this ex­
plosion, the US government requested that ~ new study of space 
debris be conducted. 

132 "Used Ariane stage Explodes, CreatiI1g Space Debris 
Hazard", AVWk&SpTech (1 December 1986) 34. 

133 DeMeis, supra, note 19 at 11. 
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.1978. 134 ,Simply stated, cascading is _aLprocess by which space 

debris ,will become self-generating and therefore uncontrol-

lable. 1 -

Proponents of the cascade effect argue as follows: As the­

number of space obj ects in Earth orbi t increases, the proba-
':l 

bili-ty of collisions between them also increases. Possibly 

weIl before -the year 2000, collisions could produce new 

orbi ting fragments (secondary debris), eaoh of which would' 

increase the pr~bability of further 'collisions. When suffi­

cient secondary debris has been generated, the debris flux 
~ 

will" increase exponentially with time, even if.no new_abjects 

are placed in orbit by man. Unless specialized launch 

constraints and operational proc,edures are implemented; 

caseadin~ could lead in. this century to the formation of a 

debris belt around Earth. since only heavily protected 

spaeecraft could survive such an environment, this belt eould 
" 

'pose~a significant problem during the next century.135 

If this hypothesis is correct, describing secondary 

134 In 1970, while investigating the collision danger to 
spacecraft posed by asteroids, the cascade effect was hypothe­
sized to_ > explain the formation of asteroid belts; see D.J. 
I<essler, "Estimate of Partiele Densities and Collision Danger 

" - for Spacecraft Moving Through the Asteroid Belt" in T. Gehrels 
(ed.), > Physical Studies of Minor Planets (Washington, DC: 
NASA, 1971) 595. 

135 Kessler and Cour-Palais, supra, note 7 at 707 and 
724. See also, United Nations, Official Records, committee on 
the Peaceful Uses of Outer Space [hereafter UN GAOR, COPUOS], 
Mutual Relations of Space Missions, A/AC.105/261 (7 December 
1979) par 10 [hereafter Mutual Relations]. 
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debris as "insidious"136 and the "ultimate hazard of satellite 

- break:"up,,137 is not an over-reaction~- The significance of the 

cascade effect is three-fo'ld: (1) the occurrence of a few , 

collisions could dramatically increase the sever~ ty of the 

space debris problem; (2) collisions and any ensuing cascading 
-

. may make this problem unmanageable, since space debris is 

virtually impossible to remove,138 and (3) the near-Earth 

environmen~ could become-so populated with space debris that 

LEO would be unusable, especiallyat its lower limits139 .o 

(c) Misinterpretation-

As .humani ty pursues i ts adaptation to the outer space 

environment; collisions with space debris are Inevitable. 

However, the intént of these impact events could easily be 
1 . 

misinterpreted. For ~xample, if a collision resul ting in a 

loss of life were followed by hostility and suspicion among 

nations, PIs:s for a rapidly expanding human presence in outer 

• 
136 Mendell and Kessler, supra, note 109 at 1. 

137 N. L. Johnson, Space Environment Background Assess­
mènt. Prepared tor NASA Johnson Spa ce Center in conjunction 
with US Army strategie Defense Command (Colorado Springs, CO: 
Teledyne Brown Engineering, 1986) 2-9. 

138 R.C. Reynolds et a1.~} "A Model for the Evolution of 
the On-Orbit Man-Made Debris Enviroflment" (1983), 10' Acta 
Astronautica 479 at 481; also published in Kessler and Su, 
supra, note 1 at 102. 

139 R.C. Reynolds et al., "Man-Made Debris Threatens 
Future Space Operations" (September 1982), Physics Today. 9 at 
116 and Mendell and Kessler 1 supra, note 109 at 1. This 
possibllity is a "worst-case" scenario. " 

-------_._--------- --~ - -
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- space could 'he frustr~ted for decades, possibly generations, 

to c~me.140 

If space_ debris were to strike an active payload,' that 

collision could he mistaken for an armed attack or some other 

delibera~ attempt to cause damage. Suppose, for example, 

that a fragment of space ,debris were to strike and destroy a 
1--'-' ,~ 

satellite used' for verification of armes c~rol agreements, 
\ . 

d~tection of intercontinental ballistic missile launches or 

military communications. This collision could be interpreted \ 

as the deliberate use of a weapon, especia~ strike 

'occurred shortly after an ASAT, SOI or other defensive weapon~ 
.- ' ," 
related test in outer space. Fears of auch a misinterpreta~ 

tion have been aroused on several occasions. Moreover, the 

risk of such an occurlience will increase as weapons-related 

tests involving collisions with targets continue. 141 

Misinterpretation eould also oeeur on the re-entry of a 

collision-induced.fra~ent into the Earth's'atmosphere, since 

the final traj ectory of a decaying, large space obj ect is 

140 Wolfe and Temple, supra, note 83·at 2. 
" ' 

141 B. Jasani, "Military Uses of Outer Space" in stock-' 
holJll International Peaee Research Insti tute, SIPRI Yearbook 
1987: Wor~d Armament and Disarmament (London: Oxford UP, 1987) 

"57 at 67; UN GAOR, COPUOS, Physical Nature and Technical 
~ttributes of the Geostationary orbit, A/AC.105/203/Add.4 (18 
May 19'83) par 36 [hereaftèr 1983 Physical Nature], and SAB 
'draft report, supra, note 3 at 4-5. Regarding weapons 
testing, see, supra, A/3(a) (i) .. __ 
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similar to tl)1at of a :~e-entering ballistic missile. 142 

Therefor~-, if the debris fragment were large enough, it is 
~-

possible that its re-entry1could be mistakenly identified as a 

military offensive. As early as 1971, there have been 
~ j 

instances when obj ects in <, orbi t è,OÙld litave confused defense 

,radars guarding against surprise missile attack. 143 
1/ 

/,' 
/;' ,1 

(d) Release 'of C:on~(amination / 
~ - {~/. 

C?llisions between active paytbads'and space debris could 

~elease radioactive contamination and other various waste 
o 

'product$ into the outer space e~vironment., 

Active payloads with NPS on board a~e the prime source of 

radioactive contamination. Two types o,r NPS have~ been 

launched into outer space: radio-isotopic generators and 

nuclear reactors. Radio-isotopic generators are perhaps the 

simplest nuclear power supply, consisting of radionuclide 

fuels surrounded by energy conversion systems. 
.J 

The radio-

142 J .A. Howell, "The Challenge of Space surveillance" 
(June 1987); Sky & Telescope 584 at 588. When a satellite de­
orbits in this way, great precautions are taken fo ensure that 
neither the united states nor the Soviet Union mistakes its 
identity, regardless of who launched the sa~ellite; id. 

143 C.S. Sheldon II and B.M. DeVoe, "United Nations 
Registry of Spa ce Vehicles" (1970), 13 Colloquium Law of Outer 
Space 127 at 130. The US-USSR Nuclear Risk Reduction Centers 
could be 'used in the future to facilitate communications, in 
order to prevent misunderstandings concerning unexplained 
incidents involving either nation's satellites or other spaèe 
assets. At present, the purpose of the Center is to augment 
the superpowers· ability to reduce the risks of nuclear war, 
particularly as a result of accident, Illisunderstanding or a 
third-party nuclear terrorist threat designed to foment a US­
USSR confrontation. See "S~~ets Will Pay US for Risk Center 
Equipment", AvWk&SpTech (21 September 1987) 31. 
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isotope decays spontaneously, emittlng ionizing radiation ' 

which is absorbed as heat and can be converted into other 

forms of energy. Nuclear reactors derive their thermal ene~gy 

from th~ controlled fission of uranium-235 and ~re usually 

considered superior to radi~-isotope generàtors for providing 

greater power levels. The reactor consists of an enrfched 

uranium core with a reflector, pr"oducing heat for possible 

conversion to other forms of energy.144 

The Soviet Union has 31 NPS satellites in orbiti US space 

plans calI for the launch of nuclear reactors and rockets 

.p~wered by nu~lear engines. 145 A 19é6 study indica~ed that 48 

radioactive satellite components carrying more than one tonne . ~ 

--~. 'of highly enriched url~lum-235, plutonium-238 and ~ssorted 

fission products are' orbiting Earth. By the end of this 

century; it is estimated that there will be more than .three 

tonnes of toxie fuel and fission products in orbit, unless 

there are setbaeks in NPS satellite programmes. 146 

Thé majority of NPS satellites reside in the most densely 

populated regions of LEO (ap~roximately 900-1,000 km), thereby 

144 UN GAOR, COPUOS, "Report of the Working Group on the 
Us~ofNuclear Power Sources in Outer Spaee on the Work of Its 
Third Session", -Report of the Scientific and Technical Sub­
Committee on the Work of Its Eighteenth Session, A/AC.I05/287. 
(13 February 1981) Annex II, par 7 [hereafter NPS Working 
Group report] and N. L. Johnson, "Nuclear Power Supplies in 
Orbit" (1986)', 2 Space Policy 223 at 224-25. 

145 "Reactors in Space: US project Advances,", The New 
York Times (6 October 1987) Cl. 

146 "Radioactive Space Debris study, Cites Hazards td 
Satellites, Earth", AvWk&SpTeeh (22 september 1986) 19 at 19-2Q. 
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enhancing the danger of collision' with éther Earth-orbiting 

objects. Destruction of an NPS satellite ~il·l not only make , 

it impossible to dispose of the satellite in the future, but 

will also release radioactive contamination and radioactive 
" debris fragments, threatening Earth and active payloads. 147 

Such a collision could produce as many âs one million radio­

active pa~cles of 1 mm or more in àiameter. Some'of these 

particles would bé' injected into orbits with pe:rigees well 

below 1,000 km, regions which could be populated by large 

~anned spacecraft. 

If the active payload popul~tion continues to grow at 

present rates, the. chance-of a collision with an NPS satellite 

before re-~ntry fram its. stQrage 'orbit148 is a "virtual 
o 

çertainty". Ms>reover, due to natural orbital decay, NPS-
J 

satellites or their radioactive component parts," whether in ,1 

operafional 'or disposal orbi ts, will begin -.to enter lower 

altitude régimes after several hundred years. v By then, this , 

region mayObe populated by very large structu~es, both manned 

ancl-' unmanned.. For example, the' impact of a spent NPS fuel 
". 

core with a space station "could be devastating", causing 

radioactive contaminatj.on in " aùdition' to structural damage, 

147 Id. 

148 Storage orbits serve a: warehousing fl1nction. To 
ensure that Earth' is not exposed to a radiation\hazard from. 
the re-ent'ry of NPS satelli~es, the Soviet Union' places the l,. 
NPS components in st orage :orbits when the satellite has 
completed <fi ts mission. When the risk of harm has passed, 
these components will be-returned to Ear~. 
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sinee the halt-life of uranium-235 is in excess of 700,000 

years. 149 

In addition to' damage, the release of radioactive 

~aterials fol~owinq a collision could affect the performance 

~ the proposed U5 space-based radar, by dlsrupting the 

propagation of electromagnetic waves in the atmosphere .150 

previous releases of radioactive contamination into the 

atmosphere have disturbed radio connections, altered the 

radiation situation of the Earth environment and produced an 

artiticial radiation zone affectinq the Van Allen belts. 151 

perhaps radioaètive contamination in outer space would have, 

analoqous effects on space-based communications systems and 

orbital habitats. / 
• 

Collisions with space debris could also resu1t 

releases of other contamination. Unusable waste by-products 

destined for Earth, quarantined microbiological organisms and 
"-

used or eontaminated material, (eg, stored gases and rocket 

motor' lubricant lea~a~e) could be released, increasing the 
, ' , . 

<:::::: 
149 Johnson, supra, note ~44 at 23,0-31. 

150 "ONA Models Nuke Effects for Space Radars", Military 1 

sp~ce (12 Oçtober 19~7) 4. ',) 

151 E.R.C. van Boqaert, Aspects of Space Law (Nether­
lands: Kluwer, 1980) 64. The three Van A~~en belts, located 
between altitudes of 1,500-20,000 ~' form a zone around Earth 
-with particles charqed with high enetqy. Their disturbance 
can influence the natural radia ion fields of the Earth 
énvironment. ' 
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quantity- of acèumulating- space ,debris and causing hazards to 

navigation, communication ana health. 152 

, " ,J 

(e) Alteration of ,operations and Design 
. 

Risk of colliSions - with space debris is becominq a 

significant facto~ ~:;;'-;p con~ng' spa~e operations and(l the 

design of spacesuit~-'and spacecraft. 153 Already, the poten-
. -

tial hazard to humans and active payloads has resuîted in the 

alteration of operations and design. Efforts to plan and 

implement these and future unanticipated changes require . 
unbudgeted expenditures of time and~ money, shifting human and 

technological'repources away from scnedùled projects. 

Space 'opèrations include satellite traffic management and 

satellite station-keeping procedures. Satellite traffic 

'management operations in the United states inc1ude the 

examination of the orbit of every catalogued obj ect prior to 

launching a new payload, in order to determlne whether any 

space obj ect will pass close to the new payload during lts'. 
"... 

first few hours in orbi t. Although comprehensive collision 

avoidance for al,l payloads throug}lout their active lives is 

currently beyond us' capabilities, 154 management programmes 
• 

may have to be modified if the quantity of space debris 

152 P. McGarriqle, "Hazardous Biologic·al Activities in 
Outer space" (1984), 18 Akron LR 103 at 114; M.J. Mackowski, 
"Safety on the Space station" (March 1987), Space. World 22 at 
22-23, and Girata and McGregor, supra, note 86 at 326. 

11::." t t ~ Temple, supra,' no e 101 a 6. 

154 Johnson, supra, note 1?~6 at 14. 
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increases as predicted. currently, the US Space Command and 

NASA are working t~gether to assess the feasibil'ity of 

manoeuvrinq the pi'oposed space station to avoid collisions .155 

When satellites are desiqned, weiqht is the limitinq 

factor. Therefore, these payloads are allocated c:::arefully 

calculated quantities of 'fuel for station-keeping functions. 

The possibility that these space objects will have to consume 

fuel to avoid space debri,s upsets these calculations. When a 

collision occurs but does not damage the satellite, small 

changes in course may result,156 also necessitating the use of 

allocated fuel reserves to steer the satellite back on course. 

Space planners are primarily conperned with protectinq 

the lives of those carryinq odt space activities -- astronauts, 

on EVAs and crews manninq STS orbiters and the future space 

station. 157 Since the risk of spaèesuit damagè is unaccep-

tably high for prolonged operations, new sui ts are being 

designed to qive qreate~ protection aqainst collision impacts. 

However, the additional degree of protection offered by these 

alterations still needs tp be evaluated. 1j8 In" addition, 

design of a. Crew Emergency Rescue Vehicle (CERV) for us~ on' 

155 "orbiting Junk Threatens Space Missions", The New 
York Times (4 August 1987) Cl at C3. 

156 "The orbitinq Junkyard" (April 1982), ,1.6 Futurist 77. 

157 Frederick, supra, note 15 at 17. 

"1; ..... 158 Temple, supra, note i 101 at 8 and DeMeis, sUPFa, note 
19 at 10. 

. " 
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the ,space station will take debris-related hazards into 

consideration.~59-

-Active payloads ," are desiqned to withstand impacts from 
î " 

the natur"tl meteoràid flux, not space der.ris .160 At relative 

velociti.es of 10 km/sec, even millimetre-sized debris par­

ticles canno~_ be ignored. 161 At _present, th~ current level bf 
.-

siqnificant or trackable space debris is of sufficient hazard 
r 

that it must be considered by the designers of large struc-

tures such as the space station162 and the advanced X-ray 

a"strbnomy facility163. Designers are shielding the planned '\ 

wi thstand the impact of minor space } space station to 

debris. 164 However, the 

added to a spacecraft is 

amou~t of ;hielding which can be ... 
limited. For example, protection 

requirements against even a 100':"gIn impact, are so severe that a 

space station may have to accept a much higher probability of 

-159 ~ Mackowski, supr~, note 152 at 22-23.,-

160 Ressler ,and Cour-Palais, sup~ar" n~te 7 at 707. 

161 J .A. Sanguinet,_ IIsâtêÎlite-Based Instrument Concepts 
for the Measurement-~-of Orbital Debris" (1985), 5 Advances 
Space Res 59 at -59. 

162 The possible coll ision between space debrls and - the 
spac~ station has been an important design consideration since 
at least 1984; "station L!kely to Be Hit by. Debris"" 
AVWk&SpTech (17 September 1984) 16. 

163 Temple, supra, n~oe 101 at 4. 

164 "Orbiting Junk T reatens Space Missions", The New 
York Times (4 August 1987 C1. 
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impact damage or be restricted to orbi ts where ,the space 

debris flux is lower. 165 

other design alterations include those already made to 

rockets to reduce the chancè that a collision with space 

debris will cause an explosion. 166 Work ia a1so underbway to 

determine the possible ~ffects of space debris on space 

- tel.!!scopes. Then, satellite observatories will be able to 

plan ahead and avoid the damage which will likely be suffered 

by the Hubble Space T~lescope.167 

2. INTERFERENCE 

The quantity of space debris of v~rious sizes accumula­

ting in outer -space could interfere with scientific, conmÎer-
". 

cial and' military activities. Interference with space 

activities could also re~ult in misinterpretation. 168 

- -----

165 Ressler and Co~r-palais, supra, note 7 at 723. 

16t "Orbi ting Jùnk Threatens Space Missions", The New 
York Times (4 August 1987) ·Cl. . 

1(17 tI~ubble Trouble?" (January 1987), Sky & Telescope 31-
Scheduled for launch in- 1989, there is alper cent chance 

~ that the Hu1;>ble' telescope will be destroyed by a collision 
with space debris during its 17-year projected lifetime; S. 
Van Den Bergh, "century 21: The Age of Space Junk?" (July 
1987), Sky & Telescope 4~ However, the, telescope is too far 
along in its development to incorporate structural alterations 
which would protect i t from collisions:. "Debris in Space 
Presents an Increasingly oifficult New Dilemma for Scien­
tiste", Satellite New"§.",C 10 A!lCJUst 1987) 7. . 6> 

168 See, infra, B/1(c). 
, .. 



f 

o 
• 

, ~ . 

Il''' 

48 

(a) Scientific Activities 

Space debris may interfere with the acquisition of 

scientific data from experiments based in space or on Earth. 

Space-based interference may cause the "graceful Il 

degradation which damages without destroying the surfaces of 

optical instruments and solar panels. 169 This surface erosion 

could impair the accuracy of scientific data or eliminate its 

collection. Gases, solid particles and glow released as by­

products of S'ts orbiter operations cou1d also affect future' 

scientific.observations from orbiting space vehicles. 170 

Solid microparticulate matter is especially troublesome. . . 
It can settle out on optical surfaces, reducing their trans-

mission, and can scatter unwanted light from the Sun or Earth 
'" 

into'" the line of sight of a telescope. 171 In the past, 

scientists have expressed concern about the impact that this 

particulate interference could have on observations from 
"1 

future astronomy-oriented payloads172 such as the Hubble Space 
A , 

Telescope. Of s'pecial interest are the exhaust clouds of 

a1uminum oxide given off when second-~tage SRMs are fired. 173 

These clouds, existing for as long as two weeks af,\:er thè 

169 See Table l, supra, text accompanying note 100. 

170 See, supra, A/4 (c) .• 

171 Green, supra, note 95 at 504. 
1 

172 "Contamination Threatens USAF 
(24 May 1982) 63. '1 

Pay1oadIl AVWk&SpTech 

l 
173 See, supra, Aj4(a). 
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• rocket f iring • l. 74 signif icantly aff~ meteoroid measurements 

in Earth or'):,i t and stratospheric cosmic dust collection 

experiments, by altering the very desirable "clean" environ­

ment of space. 175 

Gases (eg, water vapour) can absorb light from astronomi­

cal sources, giving false, partly attenuated spectra (visible 

and infra-red). spaceglow may stand in the way of a telesco­

ping line of sight, adding spurious signaIs and limiting the 

s~nsitivity of astronomical or Earth observations. 176 

'\ The large concentration of space dehris' in LEO may aiso 

cause interference with radio signaIs used by vaFious radio 

astronomy space missions. 177 

Earth-based scientific activities also suffer from 

4nterference wi~h space debris. Inactive payloads and rocket 

fragments may disturb the receiving frequency bands in which 

sensitive instruments (eg, radio telescopes) are operating, 

174 Marshall, supra, note 7 at 425. 
t ", 

175 A.C. Mueller and D.J. Kessler, "The -Effects of 
Particulates from Solid Rocket Motors Fired in Space" (1985), 
5 Advances in Space Res 77 at 77. Analysis of the Microabra­
sion Foil Experiment flown on the third STS orbiter flight 
suggests that aluminum oxide contamination "is not a serious 
threat to the collection and analysis of at least the smaller 
craters" in the 5-microgram thick foil used for cosmic dust 
collection; w.c. Carey et al., IISpace Shuttle Microabrasion 
Foil Experiment (MFE): Implications for Aluminum Oxide Sphere 
Contamination of Near-Earth Space" (1985), 5 Advances in Spa ce 
Res 87 at 87. ' 

176 Green, supra, note 95 at 504. 

177 I.A. Vlasic, "Disarmament Decade, Outer Space and 
International Law" (1981), 26 McGill IJ 135 at 195. ,-\ 
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thereby preventing clear reception of cf~lestial radio sig-

naIs. 178 Space debris regularly disfigures photographs of , 

distant stars and galaxies, taken wi th grounc'l.-based tele-

scopes. 

Already, spa ce debris has prompted false discoveries: 

What were thought to be distant pulsing stars sending out 

powerful but rare optical flashes, turned out to be reflec­

tions off the solar panels of dead, tumbling satellites. 179 

Space' debris, among other phenomena, has also been mistaken 

. for unidentified flying objects. 180 Although these "dis-

coveries" lack scientific rigour, they are noteworthy sinee 

they indicate that spaee debris may interfere with naked-eye 
\ 

observations of the ~ky and beyond. 
1 

In the future, threats of interferenee may come from more 

diverse sources. Proposed space-based projects have included 

a plan to launch a ring of 6-metre-diameter aluminum-coated 

spheres into an 800-kilometre orbi t. Such a ring of light 

would do incalculable harm to astronomy, causing a loss of 

" 
possibly 1 per cent of aIl observat,!ons due to individual 

o 

spheres passing through the fields of view of telescopes, and 

destroying or severely damaging quite a few types of detectors 

178 M. Benko et al., Space Law in the united Nations 
(Netherlanqp: Nijhoff, 1985) 140. 

179 "orbiting Junk Threatens Space Missions", The New 
Yo't"k Times (4 August 1987) Cl at C3. 

180 J. Mahoney, "Who's Zoomin' Who?" (Fall 1987), 18 York 
Uni",ersity Alumni News 8. ' ' 
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by even a brief exposure to such a brilliant source of light. 

Another proposaI ~s the art satellite project, a highly 
",.. "-

reflective sail wit a surface of 1,800 sq m. Its brightness 

could have exceed CI that of the full Moon, blotting out the 
1 

faint ~tars and distant galaxies which are of greatest 

interest to man~astronomers.181 

In response to thls potentiall'y harmful rnterferen~e wi th 

- astronomical observations, concerned scientiste have formed an 

organization to counter ,the proliferation of space debris. 

One of their targets is Celestis 'Group Inc., a Florida-based 

corporation which plans to launch cremated human remains into 

polar 'orbits 

tubes. 182 

using shiny- canisters the 

(b) Commercial Activities 

size of lipstick 
1 

Interference with commercial activities by space debris 

is dominated at present by the problem of congestion. In the 
-- -

future, space debris could interfere with the 'effective 

functioning of pr~posed solar power satellites and other 

space-based facilities and could possibly disrupt manned 

spacecraft operations. 
" ", 

181 Van Den Bergh, supra, note 167 at 4 and "Debris in 
Space Presents an Increasingly Difficult New Dilemma for 
Scientists", Satellite News (10 August 1987) 7 at' 8. These 
projects have since been withdrawn; Van Den Berqh, id. 

182 Id. Celestis Corp. has tentative approval from the 
US Department of Transport for its plan: yan Den Bergh, id. 
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congestion (or crowding) of outer space~ is an ·obvious 

risk posed by space debris to. commercial space. acti,t~s. 

When applied to the vast expanses of outer space, the use of 

: ,,_ "congestion" would be absurd if present and future spa ce 

\, 

.activities were evenly distributed throughout this seemingly 

infinite environment. However, thé largest number of active 

payloads is located in the vicinity of Earth. 183 It follows, 

therefore, that the bulk of space débris is located in LEO and 
è 
GEO, tho~e_, areas of near-Earth space bèginning to experience 

eonqestion. 

Several manned missions have confirmed the existence of 

conqestion in LEO. In March 1965, Soviet cosmonauts reported­

ly cried out, in surprise on viewing a man-made satellite 

passing within 1.5 km of their spacecraft. Three months 
\ 

- \ 
later, US astronauts reported seeing and photographing several 

s-atellites while in orbit. 184 The crew of the STS-9 Spacelab 

mission observed an unidentified satellite pass in the 

vicinity of their spacecraft. 1850 It has been calculated that 

an STS orbiter, at an al1itude of about 270 km on a four-da y 

.. mission, would come within 200 km of some 67 space obj~cts 

183 Vlasie, supra, note 117 at 195. 

184 Hall, supra, note 7 at 329. 

185 It is unclear from the information available whether 
the sightings in these three incidents were of active or 
inactiv~ payloads • 
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larger than 1 metre. 1B6 Future accumulations of space debris 

can only e~acerbate this problem. 

In GEO, satellites sharinq -cc the same nominal orbital 

position, come close together periodically at the borders of 

their slots. In a sample of GEO encounters for 21 satellites 

during a six-month period in 1981, there were ,,120 predicted 

encounters in a 50-km IInear-miss ll distance. 'Several close 

approach predictions were in the 1-5 km range, necessitating 

collision ayoidance manoauvres. For example, FLSATCOM 1 

(1978-016A), a US military, satellite, had eight close ~n-

counters with SBS 1 (1980-091A), five of them between 2.6-6.0 

km, and rive additional nea~misses,with other satellites. tn 

May 1980, FLSf\TCOl;t 1 was, forced to take evasive action to 

-avoid colliding with IMEWS-4 (1973-040A), another US military 

satellite. 187 Again, increasing amounts of' trackable and 

untrackable space debris will only make this problem worse. 

Congesti~n in heavily used regions of space could lead to 

interference with the transmission of satellite telecommunica-

tion data. Reflections off a debris fragment nearing an 

active telecommunications satellite __ could interfere with the 

latter t S atti tude control sensors, causinq alti tude distur-

186 R.T. Swenson, IIPollution of the Extraterrestrial 
Environment" (1985), 25 Air Force LR 70- at 72 and Schefter, 
supra, note 121 at 50. 

187 1983 Physical Nature, s~pra, note 141, par 33. 
1 
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bances and breaks in service. l8S Such close approaches could 

also unintentionally j am radio frequencies, thereby dltlrupting 

satellite operations. 

Frequent act~ of congestion would almost cert~inly have 

adverse effects for commercial telecommunication satellite 

operaters. Corporate profits could be af'tected. Business 

could be lost if frequency interference or altitude changes 

regularly interrupted data transmission. Costs could increase 

in order to recoup losses occasioned by unplanned fuel 

expenditures for collision avoidance. In the latter instance, 

too many unplanned avoidance manoeuvres cou~d reduce limited 

station-keeping fuels' te such an extent that ei ther the 

operational lif~ of the satellite would he..:.- decreased.pr the 

satellite would not be boosted into a disposaI orbit,189 

th~reby adding to the congestion. 

\ Solar power stations will need a clear path for transmis-,rç; 

~ 

sion of their energy beams from spa ce te ground recel ving 

188 UN GAOR, COPUOS, The Feasibility of Obtaining Closer 
Spacing of Satellites in the Geostationary Orbit, 
A/AC.105/340/Rev.1 (22 April 1985) par 50 [hereafter Closer 
Spacing report]. 

:il.89 DisposaI orbi ts are analogous to Earth-based j unk 
yards. When an operator has no further use for an active 
payload, particularly telecommunication satellites in GEO, 
these payloads are boosted from their operational orbit into a 
higher orbite Boosting from GEO frees up its limited number 
of orbital positio~~ for further use. \ It is believed that 
disposaI orbits will not interfere with active payloads in GEO 
or other operational orbits. . . 

It has also been proposed that nuclear wastes produced on 
Earth be placed in disposaI orbits; see D. Lunan, "Nuclear 
Waste DisposaI in Space" (1983), 36 J Brit Interplanetary Soc 

1 14:]. -
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stations. Preventinq undesirable reflections from space 

debris might require s~phisticated co-ordination. Also, space 

manufacturing facilities would require free paths between 'the 

celestial body beinq tapped for material and the facil~!-y' s 
~ "~ 

mass catcher. These traj~ctories should not be traversed by 

another body durinq operati&n of the mass catcher .190 

Finally, a recent a~d un!que incident indicates the 

, extent to which space debris could interferf'/. wi tl1 manned space 

operations. on\s April 1987, the Soviet union planned to dock 

the Kvant astrlhysi~, module wi th the Mir space station. 

This attempt was' unsuccessful, as was a similar effort four 

days later 1 _due to the failure of the connection between the 

two spacecraft to seal itself completely by just a fe~ 

centimetres • A third attempt succeeded, following an un-

planned EVA -to inspect Kvant's docking unit. During the EVA, 
- ~~ Il 

c 

the cosmonauts discovered,a 40-centimetre square, white cloth 

object wedqed inside the module. After the obj ect was 

removed, the docking ~was completed. The object may have been 

a protective coverinq, label or baq which was mistakenly left 
. 

on Kvant by the ground crew. To 'date, the exact nature of the 

object 'and its oriqin have'not been identified with absolute , 

"'certainty.191 Therefore, the possibility exists that the 

190 Mutual Relations, supra, note 135, pars 17-18. 

191 "Soviets Dock;"Module to Mir ~llowlnq Aborted 
A1::tempt", AvWk&SPTech (13 April 1987) 27; "piece of Cloth on 
Space Craft Puzzles Soviets", The Globe, and Mail, National 
Edition (15 April 1:987) -A8; "EVA Performed to Dock Kvant to 
Mir", AvWk&SpTech (20 April 1987) 21, and "Two EVAs Allow Mir 
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object's o~i9!~ was outside the -module, floatinq in space. 

But even if were not, interference by space debris with the 

mechanical operation of manned spacecraft could oceur in a 
- ! . 

similar manne~- in the future. , 1 

~ Military Activities 

The military has expressed concern that microparticulate 

matter ifi outer space could interferé- with its planned 

activities. As a result of contamination observed by elements , 
of the OSS-1 payload flown on the third STS orbiter mission, 

USAF officiaIs feared that data from botli., their ç~ogenic 

(very low temperature) infrared radiance instrumentation and 

horizon ultraviolet programme sensor coul.d be spoil~d. Some 

scientists believed that solid particle interference could 

render the former payload useless, since cryogenie infrared 

payloads, designed- to track other bodies in space, would 

ei ther tend to lock on to space debris or have their data 

dominated by the debris. 192 

3. MILITARY USES 

Due to its destructive nature, the possib.ility exists , 
• 

that space debris could be harnessed for military us~s. prior 

to outlining these applications, a brief description of 

COsmonauts ter Install Third Solar Array", AVWk&SpTech (22 Jun'l:! 
1987) 35.-

192 "Contamination Threatens US.\F Payload"~ AVWk&SpTech 
(24 May 1982) 63. 
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cOllisi0tl mechanics is necessary in order to appreciate the 

mil! tary potential of space debris. 

Ca) Collisio~, Mechanics 

Thus far, space debris has been presented as individual 

obj'ects of various, sizes, 'ran~ing from rocket bodies to 

microparticulate matter, drifting in a variety of orbits 
S 

through outer space. Al though this perception is not incor-

rect, it is incomplete; spa ce debris also may be viewed as 

o élouds of solid partiqulate matter. 

Individual pieces o~ space debris have an average 

velocity of 10 km/sec on impact. Therefore, two objects will 

be : subj ected to high instantaneous pressures on contact, wi th 

the ensuing hyperveloci ty shock waves causing mel ting and 
" 

possible vaporization in the immediate region of the impact. 
" . 

Either a crater or hole will then be formedp th~ resulting 

molten ejected mass will cbalesce into more or l~ss spherical 
" - - , p~rticles. Th~ ~ombination of'shock waves, particle fragments 

hi tting other surfaces and vap'our pressure may cause fragmen-

tation outside ,t}le cratered region, possibly leading to the 

destruction of both objects. 193 

Debris clouds, are formed by collisions o+, exp-l o's ions • In' 

the 1987 SOI Delta-180 space intercep~ and collision test, it 

was demonstrated that physical contact between two objects is 

not necessary to ,trans'form them into debris clouds. Rather, 
" 

193 Ressler and Cour-Palais, supra, note 7 at 715 • 
• 
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the hypervelocity shock waves re~ulting from the i~tial 

contact may move thrO~gh both objeC~S, pulverizing them before 

contact is made. The result is the formation of two debris 

clouds, each passing through the other and into different 
/ Q .( 

orbits. 194 

There are three stages in the evolution of a debris 

cloud. First, the part,k;Les form a sphere; th en , the sph'ere 

encircles Earth at a fixed inclination in the shape of a-torus 

with two pinch poi-nts. 195 

d~s~r~uted throughout the 

tion at the pinch points. 

The solid particles are 7randomly 

torus, with an initial concentra-
-? 

Finally, due to several perturba-

tion factors, the torus widens at the pinch points until i t 

becomes a steady-state, -evenly dist'ribut~d belt or shell of 

debris, centred about the Earth's equator. 196 

Computer models estimate that debrls clouds could conta in 

between 200 to 3,000,000 fragments, with particle sizes 

194 "SOI 
Shock Waves", 

. --
Delta Intercept Yields Data on' spa~';; ~ll~n 

AvWk&SpTech (8 June 1987).26-27. ( 
\ ~"t,.. 

195 A torus is a three-dimensional band. The pinch 
points result from the orbital intersections of the ,debris 
particles where the cloud volume vanishes, due to the absence 
of gravitational geopotentlal and atmospheric perturbations; 
SAB draft report, supra, note 3 at 50. 

, 196 N!L. John~on and D.S. McKnight, Art'ificial Space 
Debris (Malabar, FLA: Orbit Books, 1987) 55-56; V.A. Chobotov, 
,IIDynamics of Orbiting Debris Clouds and the Resulting Col­
lision Hazard to" Spacecraft". Paper lAA-87-571, prepared for 
present ion at 38th Congress of the IAF, Brighton, 10-17 
October 1 at 5, and S-Y Su, "orlUtal Debris Environment 
Resulting fr Future Activities in Space ll (1986), 6 Advances 
in Space Res 109. Regarding perturbations, see, infra, text 
~ccompanying notes 219-2'23. ' 
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ranqinq from 0.1 to 120 cm in diameter. 197 Actual measurem~nt 

of debris clouds has revealed that the~-may contain particles 

as small as 1-10 micrometres. 198 Tests indicate that only 

about 30 per cent -of debris cloud particles are relat:l::vely 

10nq-lived. 199 

Recent studies also indicate the possibility that a 

different type of debris cloud could. be formed by the effect 

of electrodynamic forces on small alumi~um oxide particles 

ejected into the maqnetosphere from SRM burns. The s~alles9 
, 

particles (~.1 micrometre) would be èjected out of the 

magnetosphere into hyperbol ie orbi ts. The larger partieles 

(about 1 micrometre) would either drift 'away from or toward , -
, 

synchronous orbite If the latter is the case, these grains 
"" 

would form a stable ring. 200 

Ge~allY, the collision hazard posed by debris t:louds 

varies with their density. For example, if there is a low 

densi ty of debris (.one particle/km-squ~red), the dai~ Cll.an~e 

of impact is 0.0032, the monthly chance _ is 0.092 and the 

yearly chance is 0.69. Debris distributions with higher 

197 Chobotov, ibid., at 4. 

198-Johnson, supra~ note 126 at 17-18. 

1,99 SAB draft report, supra, note 3 at 50. 

200 M. Horanyi and D.A. Mendis, "Space Debris: Electrody­
namic Effects" (1986), 6 Advances in space Res 127 at 127 and 
130. 
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nuinerical densi ties would have correspond;ingly higher impact 

rates. 201 .)1 

The risk of a debris cloud colliding with a spacecraft is 

-proportional to the projected area of the spacecraft passing 

through the cloud and the distance litravelled through the 

cloud, as" weIl as the debris densitt of the cloud. The 

greatest hazard occurs at or shortly after cloud formation, 

when th~ cloud volume is small (and its density large. The 

hazard decreases with time as tne torufà circumscribes Earth. 

The collision 1 hazard is reduced to a minimum when the cloud 

reaches its steady-state -condition. 202 

(b) Military App1ications 

The -very.. real possib:j"lity -o( the mil~~ary use of space 
--- -" 

debris is emphasized by the inclusion for the first time of a 
,..--. 

section on collisions with space debris in the~chapter on the 
1 

military uses of space in the 1987 edit ion of the annual & 

y..earbook, of the stockholm InternatIonal peace Research 

Institute. 203 In the united states, outer space is recognized 

as -a medium in' which~ military operations in, support of 

national secu~~an take place and from which military space 

201 J. R. Michener, ,"Orbital Weapons Systems:. Require­
ments, Countermeasures and Offensive Capabili ties Cl:"eatinrr a 
Cost-Effective(?) Defense?" (1987) 7'. ' . 

202 Chobotov, supra, note -- 196 at 5 and 7 and SAB dra!t 
report, supra, note 3 at 50. 

203 Jasani, supra, note 141 at 66-67. 
.. 
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functions oan ~e performed. 204 It may be expeoted that space 

debris polioy will ~1ve a significant effect on us military 

strateqy in the future. 205 oMilitary strategists there have 

already- suggested that an easy way to destroy an "enemy" 

satellite "is to leave a trail of graveI. in its path".2Q6 

Space debris- viewed either as individual objects or 
,,,, 

olouds could have military applications, depending on the 

objeotive of the mi.litary action. Planned collisions between 

space debris and military targets could oause loss or damage. 

Individual objects have the advantaqe of size. Debris clouds 

~ave the advantage of densi ty, making them useful not only for 

inflicting damage,' ~ also for"-interference and oamouflage 

pUXJ>0ses. 'l 

~ 

Spaoe debris would be an effective countermeasure against 

space platforms in polar orbit, sinoe each piece of _ debris has 

an energy potential of more than 15 times that of dynamite. 

Th~ realization that spaoe debris might be used as an offen­

sive weapon would necessitate expansion of platform bumper 

204 As of 25 september 1987, there were 337 operational 
satellites in outer spaoe.· < ôf the 129 US satellites,-- almost 
ha!f were lI'military. Of the 146 Soviet satellites, about two­
thirds were military; J .E. Pike and M. 0-' Gorman, What's Up in 
Space: Operational Satellites on the Anniversary of Sputnik l 
'(Washington, OC: Federation of American Scientists, 1987) 1. 
In GE9, more than a third of aIl active payloads are used for 
mili tary purposes. This proportion could increase in the 
future as more and more countries perceive the need for 
military communication and verification 'satellites; 1983\ 
Physical Nature, supra, note 141, par 35. 

205 Wolfe and Temple, supra, note 83 at 7. '", \ 
t ' 206 uThe Orbiting Junkyard" (April 1982),·16 Futurist 

\. 
77. 
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shields to ensure that any space debris would hit them. At 

·,the same time, this additional weight would m~ke the platform 

less manoeuvrable, leaving its unshielded areas more vul­

nerable to impacts. Spaçe debris striking the shields would 

rapidly create ,secondary debris which ~ would i#turn create 

more debri s . Debris fr~gments which either directly strike 

the p1atform or' successfully penetrate its shields could 

detonate the high enerqy solid fuel motors. Such an explosion 

would tranSform~ the platform into a mass of intersec::ting, 

c01lidi~g debris clouds in approximate1y polar orbi t" thereby 

posing a major threat to other platforms and rendering aIl of 

near-space unusable. Moreover, placement of space debris to ~"" 

achieve these ends is very cost effective. 207 ~ 

Space debria could a1so be deliberate1y introduced into 

outer space to deny access to a particular orbital region. 

For example, one nation might ~ecide that certain regions of 

space are more valuable to its enemies than to itself and 

~ould be willing to deny its use to anyone by littering these 

areas with so much space debris that entering them would be 

dangerous. 208 In addition, the calculated placement of space 

debris could interfere with certain surveillance activities. 

The united states may be concerned that space debris resulting 

207 Michener, supra, note 201 at 7-9. 

208 Reynolds, supra, note 139 at 117 and oberg, supra, 
note 105. at 43 . 

\ 
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from the accidentaI 1986 Ariane launch e~losion/209 is in the 

path of its only' photo-reconnaissance satellite in orbit. 210 

-~ 

209 Sée, supra, text accompanyinq notes 131-133. 

\ 
\\ 

210 Jasani, supra, note 141 at 66. On 26 October 1987, 
the USAF launched a "classified military payload" which ls 
most likely a similar photo-reconnaissance satellite; "Suc­
cessful Titan Launch Ends 18-Month Grounding", Satellite News 
(2 November 1987) 1-2. This successful orbital placement ~ay 
alleviate US concern, as~uming that the new satellite's 
trajectory avoids the Ariane detritus. 

\ 
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C/ LOCATIONS OF SPACE DEBRIS AND ITS DETECTION 

In order to develop the rnost effective rernedial rneasures 

for éombatting the sppce debris problem, space plan~ers must 

determine as accurately as possible the probability that a 

debris risk event will occur. Before the hazard posed by 

space debris to space activities can be stated precisely, it 

is necessary to know where debris objects are and how to find 
. 

them. Since the ability to detect space debris varies with 

the location and size of the debris objects, the various 
~ 

regions in outer space where space debris is found will first 

be examined. Then, the facilities and the equipment used to 

detect, track and identify space debris will be discussed. 

1. LOCATIONS 

Space debris is found in four basic ragions of outer 

space: LEO, the geostationary transfer orbit (GTO), GEO and 

beyond GEO. Discussion will be lirnited to the first three 

areas, as most space activities take place in them. 21l ' Since 

the quantity, relative velocities and orbital behaviour of 

sp~ce objects vary significantly according to the reg~on in 

which the space objects are located,2l2 the physical' nature 

211 However, it should be recognized that space debris 
created beyond GEO could pose problems not only to humankind, 
but also to outer space per se, oth~r celestial bodies and any 
extraterrestrial life. 

212 N.H. Fischer and R. C. Reynolds, "Threat of Space 
Debris" (Columbus, OH: Battelle's Columbus Laboratories) 397. 
Th~ major differences between GEO and LEO are (1) the number 
of l space objects in GEO is rnuch srnaller: (2) the relative 
velocities of space debris in GEO are much less -- 40 rn/sec as 
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and technical attributes--of each of LEO, GTO and GEO will be 
1 

discussed separately.' 

, 
(a) Altitude, Inclination and Orbital Perturbations 

A space object is located in space according to its 

altitude and inclination. Altitude is calculated according to 

the height of the object above Earth. Space object~ in LEO 

may be found anywhere from 200-4,000 km, while those in GEO 

maintain an altitude of about 35,800 km. As of January 1986, 

83 per cent of the app'roximately 5,900 known space objects 

resided in orbits with a mean altitude below 6,000 km. 2l3 The 

~ most densely populated region of outer space is between 500 

and 1,000 km, with another high-density peak occurring at 

1,450 km. Two smaller peaks are found at 3,700 km and in GEO. 

The latter is a special case, sinee the density there is high 

and growing 

fixed. 21-4 

and the relative 
1 • • 

pos~t~ons of satelli.:tes are 

Inclination is measured east to west from 0 degrees at 

the equator through 90 degrees at the North ~ole to 18 ° 
degrees at the equator. Space obj ects tend to' cluster at 

opposed ta 7 km/sec in LEO; (3) abjects in GEO are less easy 
to observe, 50 much sa that smaller debris objects, which 
would be observable if in LEO, cannet be detected, and (4) 
major active payloads in GEO can be controlled to avoid 
collisions in situations where conditions can be adequately 
predicted ahead of time; ibid., at 399. 

213 Johnson, supra, note 137 at 1-1. 

~14 UN GAOR, UNISPACE 82, Impact of Space Activities on 
the Earth and Space EDvironment, A/CONF.I01/BP/4 (30 January 
1981) pars 80-81 [hereafter Impact of Space Activities] • 

. , 
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various inclinations: 0 degrees lat~tude for telecommunication 
. 

satellites in equatorial orbits; 30 and 60 degrees, due 
1 

partially to the location of launch sites; above 60 degrees 
> 

for certain communication satellites with highly eccentric 

orbits; about 80 gegrees for coverage of aIl inhabited regions 

of the world, and between 95 and 105 degrees for sun-synchro­

nous orbits. 215 

The maximum collision risk oceurs between 950 and 1,000 

km altitude. Inclinations wh~re orbits are most likely to 

cross and therefore pose a risk of collision, include areas 

above the North and South poles, where aIl space objects in 

polar orbi ts must cross; GEO, and two bands in GEO between 

about 30-35 degrees north and south latitude, where eastward 

rotating satellites cross paths. 216 The spatial density of 

debris is highest at an altitude of 1,000 km, due to earlier 

breakups in the vicinity,217 and at orbital inclinations of 0, 

20, 40-50, 60 ~nd 90 degrees218 • 

The influence of orbital perturbations is significant. 

Without them, the orbit of a space object would remain 

unchanged forever. However, perturbative effects on active 

215 Ibid., par 78, 

216 Johnson, supra, note 137 at 2-6 and Swensb~, supra, 
note 186 at 72. 

217 McKnight, supra, note 5 at 3. ,- ,) 

218 "Debris -- The Pollutant of Outer Space (un~ubli~hed 
paper, Webster University, co, February 1987) 5, citing D.J. 
Kessler, "The Space Debris situation", NASA/Johnson Space 
Center, 1981. 
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debris traj~~tories are strong and mhst be 
~ J \ 

The domin~nt perturbations are due ta the 

non-spherical shape of Earth,219 whic~ results basically in a 

change in orbit orientation relative ta Earth: atmosphèric 

219 Earth is slightly pear-shaped, with the bulge at the 
~quator, and is flatter at its pales. The pear shape can have 
an important effect on perigee height. In GEO, eq, it results 
in the mavement of uncontrolled space abjects up to 34 km 
ab ove GEO when drifting westward and a similar distance below 
GEO when drifting eastward. These uncontrolled objectslo are 
attracted toward the two stable points in GEO at 105 degrees 
West and 75 degrees East~ UN GAOR, COPUOS, Physical Nature and 
Technical Attributes of the Geostationary Orbit, A/AC.105/203 
(29 August 1977) pars 12 and 13 [hereafter 1977 Physical 
Nature report]; Impact of Space Activities, supra, note 214, .. .. 
Annex l par 12, and L. Perek, "Telecommunl.catl.on and the 
Geostationary Orbit: The Missing Regulation" (1983) , 26 
Colloquium Law af Outer Space 33 at 34. 

The polar flattening (oblateness) makes a difference of 
about 20 km between the equatorial and polar radius of Earth. 
This oblateness has two effects: (1) the orbital plane rota tes 
about the Earth' s axis, so that for a satellite heading 
e~stward, its orbital plane swings to the west up to 8 
degrees/day, depending on the inclination of the orbit, and 
(2) the perigee latitude is continually changing, anywhere 
from 4-16 degrees/day, depending on the inclination of the 
orbit; UN GAOR, COPUOS, study on Altitudes of Artificial Earth 
Satellites, A/AC.105!164 (6 January 1976) Annex l at 13 
[hereafter Altitudes study] and Impact of Space Activities, 
ibid., Annex '1 pars 8~ll. 

Sources differ as to which perturbations are most 
significant in LEO. One says those resulting from the non­
spherical shape of Earth "are the most important". Another 
states atmospheric drag is the "dominant perturbation in­
fluencing the lifetime of a satellite in low altitude orbit"; 
see Impact of Space Activities, ibid., Annex l par 13 and ESA , 
Re-entry of Space Debris. Proceedings of an ESA Workshop held 
in European Space Operations Centre, Darmstadt, FRG, 24-25 
September. 1985 (paris: ESA PUblications, 1986) 77. Perhaps 
the former refers to the overall effect on movement of the 
space abject from its original configuration, while the latter 
refers more specifically to calculation of space object re­
entry. 
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drag,220 which decreases orbital energy, reduces space object 

apogee and may ultimately lead to spaee object decay; and the 
. -

forces of the Sun and Moon,221 which not only may tlecrease the 

perigee height to such an extent that the spaçe object hits 

220 If an orbiting space object comes within 1,000 km of 
Earth, i t suffers an appreciable aerodynamic drag at i ts 
perigee and does not fly out to such a great distance at the 
other side of Earth. Therefore, its apogee decreases and the 
orbi t becomes more nearly circular. After several years if 
the perigee is above 300 km, or only a few weeks if the 
perigee is below 150 km, the space object loses height 
catastrophically, encounters fierce aerodynamic heating and 
plunges to fiery destruction in the relatively dense atmos­
phere at heights below 90 km; Altitudes study, ibid., Annex l 
at 1. See also, Impact of Space Activities, ibid., Annex l 
pars 14-17. Regarding the effect .of atmospheric drag in LEO, 
see Kessler and Cour-Palais, supra, note 7 at 725-30. 

221 -Luni-solar perturbations include gravitational 
effects and solar radiation pressure. The Sun and Moon exert 
smal1 gravitational attractions on space abjects, pushing them 
out of their orbital planes. In LEO, lunar gravit y is about 
twice as effective as solar gravit y, producing smal1 osci1-
latory changes and displacing the space obj ect by less than 
about 2 km during periods ranging from about 10 days ta more 
th an a year. However, gravitational attraction could build up 
over several years and become much larger than expected. In 
GEO, effects of gravitational attraction are considerable. The 
initial 0 degree inel ination of the orbi t of a space obj ect 
increases by about 0.85 degrees annually until a maximum 
in'Cl in~tiQn of 14.6 degrees is reached after 26.5 years, at 
whieh. time the inclination decreases back to zero. This 
a'ttraction also causes a minor change in altitude and minor 
oscillations in longitude. See 1979 Physieal Nature report, 
supra, note 219, pars 15-16 and Impact of Space Activities, 
ibid., Annex l pars 19-21. 

Solar radiation pressure (solar wind) is a radiation flux 
of high-energy partieles from the Sun. This pressure results 
in a, yearly oscillation in the perigee of the orbit, and 
varies with the area of the space object directed toward the 
Sun. The effect of solar radiation pressure can be appreei­
able, especially for space objects with high area/mass ratios 
(eg, balloons) and could alter the perigee altitude so that 
the lifetime of the space object is affected. See Impact of 

. -Space Activities, ibid., Annex l pars 24-27 and Altitude 
Study, ibid., Annex l at 25 • 
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the dense atmosphere or even strikes the Earth's surface, but 
F 

aiso could create a radiation hazard to persons and proper-
-

ty.222 In addition, the effect of the variation in solar 

activity, which incr.eases atmospheric drag during peak 

activity periods~223 must also be considered. 
\ 

\ 

Cb) Low-Earth Orbit (LEO) 

LEO is a spherical shell, bounded below at about 200 km 

-
by the Ea~th's atmosphere-and above at about 4,000 km by the 

Van Allen belts. Space objects cannot operate below 200 km 

due to atmospheric drag, while those operating above ap-

222 G. Janin, "How Long Do Our Satéllites Live?" (1986), 
45 ESA Bulletin 34 at 35. Other perturbations which exhibit a 
small effect on space object perigees include charged drag, by 
which the accretion of ions and, electrons may change the 
cross-sectional area of a space object; solar, radiation 
refiected from the Earth's surface; Lorentz force, resulting 
when an electrically charged space object moves in the 
magnetic field of Earth; the action of radiation arising as a 
result of the non-vanishing velocity of 'a space object, and 
the changing gravitational field of Earth, caused by tides in 
the solid Earth; Altitudes study, ibid., Annex I at 28. 

223 R. D. 'Eberst, "The Crowding Skies" (1982), 35 J Brit 
Interplanetary Soc 382 at 383. Solar activity, which varies 
over time, has its peak at what is called the solar maximum. 
The Most recent solar maximum occurred between 1979 and 1981 
and caused a considerable increase in atmospheric densities at 
space, object altitudes, which in turn increased the at­
mospheric drag on aIl near-Earth objects. Many space objects 
therefore burnt up or decayed in the Earth' s atmosphere far 
earlier than would have been expected if solar activity had 
remained constant. The unscheduledj return to Earth of the 
Skylab space station is a prime example of the effect of solar 
activity; id. Atmospheric bulges produced by solar activity 
caused Skylab to re-enter the atmosphere, fragment and stiike 
Earth in the vicini ty of the South Pacific and Australia 

. before NASA could devise a way of boosting i t into a higher, 
more stable orbit; J .D. Scheraga, "Curbing Pollution in Outer 
Space" (January 1986), Technol Rev 8 at 9 and ESA , supra, note 
219 at 82. 

" 
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proximately 1,000 km must be designed to withstand the solar 

wind radiation which becomes trapped in the Earth's magnetic 

field. 224 
, 

Since LEO is the easiest region of outer space to reach 

from Earth, it offers endless scientific, commercial and 

public use opportunities, providing __ the neare~t Q~ta.~ view 

. of Earth, the clearest near window for observatio,n of the 

universe, an experimental and manufacturing environment free 

from Earth' s gravitational and atmospheric effects, and a 

shelter from the potentially .destructive radiation produced 

by solar winds. 225 LEO already hosts a variety of space 
o 

activities: research, miiitary and commercial telecommunica­

tion satellites; storage orbits for space objects prior, to . 
their transfer to higher orbits,226 ànd temporary domicile for 

224 Mendell and Kessler, supra, note 109 _at 3. 

225 National Commission on Space, Pioneering the Space 
Frontier (NY: Bantam Books, 1986) 81. The ability to withstand 
the effects of solar radiation is particularly important for 
manned operations su ch as space stations; Mendell and Kessler, 
ibid. , at 3. The shel ter provided 'by LEO is especially 
effective between 200-600 km, Due to the shielding provided 
by the Earth' s magnetosphere, radiation in this region is 
almost negligible; Office of Technology Assessment, Civilian 
Space Stat:Îc;:ms and the US Future in Space (Washington, DC: 
GPO, 1984) 50. The uS-initiated internation~l space station 
(USISS) is expected th orbit at an inclination of 28.5 degrees 
and at an' altitude of about 350 km (220 nautical miles);, 
"Fixes to Space Shuttle Hardware, Management Reach Critical 
stage," AVWk&SpTech (4 May 1987) 78 at 79. Even so, the 
cumulative radiation dose is perceived as limiting crew dut Y 
cycles and total career time in space; Mendell and Kessler, 
id. 

226 In addition ta being used for storing NPS elements, 
supra, note 148, storage orbits are used to warehouse com­
munication satellites prior to their use, in order to save the 
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humans launched into orbi t. Eventually; it will con'tain 

permanent human structures suc~ aS,space stations. 227 In the 
0.. , \ •• 

United states, LEO is also seen as an efficient location for 

ah infrastructure for servicing satellites in GEO and fot, 

launches from Cape Canaveral into t~e lowest energy orbit. 228 
" 

'It is becoming ·increasingly apparent that there should 

be serious concern for space debris in LEO. 229 oJ;the JIlajority 
\ ~ 

of man-made~objects residing therè are debris. 230 Generally, 

for space systems operating: iri orbits of 50'0-2 ÎOOO km, a 

persistent background of spa ce debris will be encountered. 231 · 

The most densely populated region of LEO is between 900-1,000 

km, with heavy space debris concentrations 'at around 1,400 km, 

~ue to the Delta rocket explosions,232 and:at 800 km, possibly 

as a result of Soviet ASAr tests233 . Since space debris 

expense of separate launohings and to ensure satellite 
availability if necessary. 

~ 227 Mendell and Kessler, supra, no~e,~09 at 1-3. 

228 Civilian Space station, supra, nôte 225 at 50. 

'229 Reynolds, sUl?~a,' note 138 at 749. 
- t 

, 23~ R. Kling, IIEvolution of an On-Orbit Debris Cloud" 
(1986), 6 Advances in Space Res 99 at 99. 
'1 < 

2,31 Edgecombe, supra, note 97 'at" 225. 

23"2 seeb, su~ra, text accompanyinC]' notes 61-65. 
1) 

. " 

. '. 233' L. sehn~l, ,lIProbability of COllisions of Artificial 
Bodies- in th~ Earth' Environment tt ' (1985), 5 Advances in Space 
Res A 21 at 24 and H. Desau,ssure, "The Application of Maritime 
_S~lvage Law to the~ Law of Outer space' (1985) " 28 Colloquium 
':Law o'f outer SpaGe 127 at 130-31. See also~ supra, text 

- accompanying not:.es' 40-55 and 21.7. 

'. 
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deposition is .essentially ~n irreversible act, .continued 

deposition increases the debris population. With larger space 

6bjed:s and longer orbital durations being discussed, the 

probability of collisions be,tween these. objects and a debris 
T' f· 

fragment becomes large. 234 Already, space debris is in-

creasingly being seen as a substantial hazard- to USISS.235 

Cascading, the uncontrolled self-generation of space , , 

debris,236 ê6uld have al particularly destructive effect in 

LEO, especially in its lower, ,more active region. Al th ough 

atmospheric drag cleansE$ the lower orbital regions ôf space 

deb:r;is, any low-aititude particles which do decay in the 

, atmosphere are being replaced constantly by space debris 

falling from higher altitudes. 237 If cascading begins, LEO 

w111 be plagued by an unending~ continually/in~reasing amount 

of spa ce debris. In the end, LEO c~ b(.-rendered yirtually 

useless: shielding requirements ..would reJult in space objects ' 
} 

too heavy to be launched from Earth ~ addi tionâ\l.; costs for 

properly shielding abjects built in space would likely not be 

economically j,ustifiable to government and corpCJràte sponsors, 

and - any oQjects which were or would be in LEO would be highly 

vulnerable to collisions. j 

234 Reynolds,. supra, note 138 at 749. 

235 C.Q. Christol, "Space Stations: p'olitical, Practical 
and -Legal Considerations" (1984), Hastings Int'l & Comp LR 521 
at 535. 

236 See, supra, B/lfb). " 

237 Schefter, <supra, note 121 at' 50. - J 
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Cc) Geosynchronous Transfer Orbit (GTO) 
.. 

GTO may he considered a utllity orbit, since it does not 

~ontain operationa1 space objects. lts prime significance to 

space planners lies in the fact that abjects in GTO pass 
, 

, throuqh GEO,' increasing the collision hazard there. However, 

space debris in GTO i5 important in its own right: It poses 

the sarne debr,is-related risks facing activity-hased orbits and 

pollutes the outer spaee environment per se. 

GTO is an e11iptical orbit used during the proeess of 

inserting space objects into GEO. The space object is first 

placed in LEO by an expendable launeh vehicle (ELV) or by 

deployment from the payload bay of an STS orbiter. Then, the 

space, obj eet 'is inserted' if.t:o GTO by an upper stage rocket 

such as a PAM (payload assist module) or lUS. On separation 

from the'lupper stage, the space object coasts up to its apogee 

in GEO where an apogee kick motor cil;.eularizes i1:.s orbite AlI 

spent upper stages, associated operational - hardware and 

aluminum oxide particulate matter from SRM burns orbit in 

GTO.238 

Objects in GTO have apogees near 35,780 km and perigees 

of~ about 300 km. Since GTO is a stable orbit, objects in it 

have 1ifetimes varying from a 'few months to more than 1'() 

238 B. MeCormick, "Collision Probabi1ities in Geosynchro­
nous Orbit and Techniques ot'o Control the Environment" (1986), 

-6 Advances in Space Res 119 at 123 and Moranyi and Mendis, 
supra, note 200 at 127. Apogee kick motors and their as:":' 
sociated operational hardware orbit in GEO. 
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years. 239 The important perturbations affecting these 

lifetime~ are the non-spherical shape of Earth, gravit y of the 

Sun and Moon and atmospheric drag. These changes can drasti­

cally alter the orbits of space objects, .either reducing 

lifetimes to a few mont~s, thus removing them from considera­

tion as a long-term debris hazard, or creating very long-life 

orbits. 240 

(d) Geostationary Orbit (GEO) ~ 

GEO is a member of the family of geosynchronous orbits. 

The term "geo'synchronous ll applies to aIl orbits having a 

period of rotation corresponding to that of Earth (about 23 

hours, 56 minutes). Therefore, it applies net only to those 
, 

space objects in GEO but aIse to those having orbits which are 

sUbstantially eccentric (non-circular), inclined (non-equa-

to;wial) or both. From Earth, a geosynchronous space obj ect 

will appear to de scribe a single or double loop about a point 

on the equator E>nce every 24 hours. 241 
.~ 

'. 

239 McCormick, id., and Janin, supra, note 222 at 36. 

, 240 _' Fischer and Reynolds, supra, note 212 a t 399. See 
- also, supra, text accompanying notes 219-223. 

241 Closer Spacing Report, supra, note 188, par 21 and 
UN, UNISPACE 82, Efficient Use of the Geostationary orbit, 
A/CONF.101/BP/7~(16 January 1981) par 8. See also, Impact of 
Space Acti vi ties , supra, note 214 , Annex l a t par 28 . 
Although no active payloads are currently in inclined or 
eccentric orbits, this technique has been proposed as a method 
'of relieving pr_sure on GEO; see Cl oser Spacing report, 

- supra, note 188, pars 88-90. 
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If it is assumed that Earth is an isolated, perfectly 

spherical-spinning mass, then GEO may be defined as a geosyn­

chronous circular orbit around Earth approximately 35,787 km 

ab ove the equator. If the orbit were directly above the 

equator, a space object revolving from east to west, as Earth 

does, would appear,from the ground to remain stationary. The 

advantage of su ch a perfectly stationary orbi t is that i t 

would be the only orbit in which a space object would have a 

constant view of a large area of Earth and would l?e con-

1 tinuously visible" from any fixed point on the ground within 

that area. As a result, there would be no need for a fixed 

~ ground antenna being continually reoriented in order to track 

the space object. 242 

In practice, however, a space ob) ect cannot remain in a 

su ch an orbit with a fixed orientation. Perturbations cause 

slow periodic variations in altitude and inclination of the 

orbit, resulting in movement of the space object from its 

desired geostationary position. 243 The primary perturbing 
" 

factors in GEO are the non-spherical shape of Earth and the 

forces of the Sun and Moon. 244 

To counteract the perturbations,' active payloads such as 
- "'" 

teleconununication satellites have ,station-keeping propulsion 

242 Closer _ Spacing report, ibid., par 18 and Efficient 
Use of GEO, ibid., par 6. 

243 Closer Spacing report, ibid., at par 19. 

244 Perek, supra, note 219 at 34. See also, supra, text 
accompanying notes 219 and 221. 
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systems w~ich maintain the satellites within a predetermined 

range close to their nominal orbital positions245 . These 

station-keeping corrections must be applied periodically 

during the entire active life of the satellite. 
\ 

otherwise, 

t.he natural forces would carry it outside the assigned 

range. 246 

" Station-keeping manoeuvres greatly reduce, but do not . 

eliriîinate, departures from the theoretically circular GEO .. 

Due to 'perturbative forces, satelli.tes in GEO are not station­

ary, but move in figure-8 patterns within the orbit volume. 

With current station-keeping technology, an active payload can 
1 

be controlled so that it strays less than +/- 0.1 degree (75 

km) 'from its nominal position.: 47 Consequently, active 

payloads mova through two bands about 150 km wide. One extends 

north and south of the equator; the other, in an east-west 

, 245 The nominal orbital position in GEO is assigned to a 
space station (a group of instruments mounted on e. 'telecom- L 
munication satellite) by a member admihtstration ~of the 
International Telecommunication Union (ITU) and notified to 
the International Frequency Registration Board (IFRB); 1983 
Physical'Nature report, supra, note 141, pars 4~5. Although 
~el,ecommunication satellites must be separated to prevent 
radio freguency interference, there is no required minimum 
separation between orbital positions of space stations. 
Currently, several stations have been assigned the same 
position; ibid., par 32. Il 

( 1 

246 Cl oser Spacing report, supra, note 188, par 19 and 
1977 Physical Nature report, supra, note 219, par 7. 

247 The 1979 World Administrative Radio Conference (WARC) 
deci4ed that in general the longitudinal station-keeping 
accuracy should be improved from + / - 1 degree to + / - ,O. 1 
degree and should be effective no later than 1987; Cl oser 
Spacing report, ibid., par 78. 
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direction along the orbital plane. Also, perturbations will 

cause variat-ions _in altitude of about 30 km. Therefore, the 

operational GEO should not be considered a circle, but rather 

a three-dimensional band or torus which is 150 km wide '(north-

south) and 30 km thick (altitude). An active payload will 

remain within a 150 km-long (east-west) segment of the 

band. 248 

GEO is a uniqu~ natural resource of vital importance for 
, 

a variety of space activities, including comm~~ications, 

meteorology, broadcasting, remote sensing, data relay and , 

tracking. 249 _ Tod·ay, the entire civil ~elecommunication 
., 

satellite industry is· located there, since only GEO 0 can 

provide conwinuous contact with ground stations via a single 

satellite. 250 However, sorne areas of GEO are already crowded, 

*' • due te;> the need to place telecommunication satellites in well-
'~ 1) 

'248 1 Closer Spacing report, ibid., par 20 and M. L. Smith 
III, "The Orl?it/Spectrum Resource and the Technolqgy of ' 
Satellite Telecommunications: An Overview" (1987), 12 Rutgers 
Computer & Technol IJ 285 at 287. In E.A. Roth, "The Geosta­
tionary Ring [ : ] Physical Properties and Collision Probability" 
(1984), 27 COlloquium Law of Outer Space 378 at 379, the 
thickness of the band is calculated to be 85 km. 

249 UN, UNISPACE 82, Report of the Second United Nations 
Conference on the Exploration and Peaceful Uses of Outer 
Space, Vienna, 1982, A/CONF.I0l/10 (31 August 19,82) par 277 
[hereafter UNISPApE 82 report]. 

2~"O Pioneering the Space Fronti"3r, supra, note 225 at 81 
and House Conun. on Forei~n Affairs, 97th Cong., 2d Sess., 
Report on the Second UN Conference on the Peaceful Uses of 
Outer Space (UNISPACE, 1982), August 9-21, 1982 (Comm. Print 
1983) 12. 
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defined orbital slots. 251 In the future, the congestion 

resulting from placing an increasing number of objects in a 

finite space is e}~pec~ed to become more severe. 252 

~ The physical basis of the spa ce debris hazard in GEO 

arises from the effect of perturbations on space objects. AlI 

inactive payloads, operational debris and ffagmentation debris 

,are influenced by various perturbative forces,253 a combina-

tion of which resul ts in a long-term variation of their 

orbits. The pear-shape of Earth induces a drift in longitude. 

A space object outside the two stable positions at 75 degrees 

East (about the longitude of Bombay) and at 105 degrees West 

(about the longitude of San Diego) will oscillate slowly with 
~ -

a pendu1um-like motion around\the nearest stable point, with a 

period of about 2.25 years for sma11 distances. The period 

increases wi th the maximum distance from the stable point. 

251 U. Thomas, "Alternative Operational Modes and Cost of 
Removing Geostationary Satellite Debris" (1986), 6 Earth­
Oriented Applications of Space Technology 307 at 307 and 
UNISPACE 82 report, supra, note 249 at 283. In Hay 1984, there 
were 115 operational satellites in GEO, with 160 in various 
stages of planning; Smith, supra, note 248 at 2~8. The four 
most intensively used areas of GEO are over the Indian Ocean 
(49-90 degrees E), Atlantic Ocean (1-35 dègrees W) and Pacifie 
Océan, for ~ommunications between continen~~, and over North 
America (87-135 \çl'êgrees W), for aIl North Amêr,ican communica­
tions; Cl oser spacing report, supra, note 188r- par 101 and 
Smith, ibid., at 288, n.16. 

252 By September 1987, eg, the number of operational 
satellites in GEO had inqeased to about 130; calculated hy 
the author, based on a gralm in Pike & O'Gorman, supra, note 
204 at 5. Also, it is generally expected that sat~llite sizes 
will increase considerably as antenna farms or perhaps even 
Quge solar power satellites become operational: Thomas, id. 

( 

253 See, supra, text accompanying notes 219-223 . 

. ' 
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The luni-solar perturbation influences mainly the inclination 

of the orbit. An inclination of tiinitially 0 degrees will 

increase in about 27 years to nearly 15 degrees, thereafter 

. returning to 0 degrees in the same period of time. Solar 

radiation pressure disturbs the eccentricity of ·the orbit, 

with the result that the distance of a space object from the 

centre of Earth varies daily by a considerable amount. 

consequently, space debris obj ects will follow orbi ts of 

constantly changing dimensions and will cross the GEO band 

daily, at a different point every crossing, giving rise to the 

possibility of collisions. 254 

Th*? collision hazard arises since the movements of aptive 
1 
1 

payloads are controlled through s~ation-keeping manoeyvres, . 

while those of space debris are not. For example, wl1lle an 

active telecommunication satellite. will deviate from its 

nominal position by an altitude not exceeding +1- 15 km, an 
-

inactive telecommunication satellite will stray in altitude by 

about +1- 60 km from the nominal value, with an inclination 

exceeding 0.5 degrees. 255 In addition, an uncontrolled space 

object in GEO will cross the equator twice daily, while a 

254 Roth, supra, note 248 at 379. See also, Closer 
Spacing report, supra, note 188, par 19. In the latter 
document, a distinction is made between non-functional 
satellites and other spa ce debris. Since space debris is 
distinguished by the inability of a space object to control 
its movements, non-functional satellites are more properly 
classified as a type of inactive payloadi see, infra, Chapter 
Two: AIL 

255 Wiessner, supra, note 106 at 266. 

·' 
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contro11ed sate~lite maintains its position within the 

confines of the GEO band. Since a collision will occur if 

space debris 'and an a"ctive pay10ad intersect at the sarne 

altitude, the presence of space debris makes GEO an "end1ess 

shooting ga11ery", with active pay10ads "sitting ducks", 

especia11y at its two stable points. 256 Moreover, GEO will 

not readi1y c1eanse itse1f. Al though a11 space debris will 

eventua1ty decay, debris objects can have 1ifetimes in GEO in 

the order of 10 million years. 257 

2. DETECTION 

Accurate ca1cu1ation of collision probabilities requires 

detection of space debris, in addi tion to active pa y10ads . 

Tracking equipment and rel'ated faci1ities provide the means by 

which spa ce debris is located, identified, counted and 

tracked. The greater the technica1 and manage rial efficiency 

of these detection networks, the better will be the abi1ities 

to reduce the collision hazard by predicting orbital paths, 

pinpointing space object re-entries, modelling future debris 

populations and determining the cause of fragmentation events. 

256 D.H. Suddeth, "Debris in the Geostationary Orbit 
Ring: 'The End1ess Shooting Gallery' -- The Necessity for a 
Disposal Policy" in Kessler and Su, supra, note 1, 349 at 356 
and Wiessner, id. In 1982, in addition to 120 active payloads 
in GEO, the trackable space debris population included 41 
inactive payloads, at 1east 25 Centaur upper stages, 10 
ej ected apogee kick motors and at least another 15 transtage 
upper stages, some of which may have exploded: Suddeth, ibid., 
at 352 and 355 and Wiessner, id. 

257 wiessner, ibid., at 227 and Janin, supra, note 222 at 
, "37. 
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(a) ~cwipment 

Artificial objects in outer space can be divided into ~wo 
groups, those which can be observed by tracking devices ~ 
those ~hich cannot. 258 Generally, space debris larger than 1~ 

\ 
cm can be detected from the groundi smaller debris pieces must 

he measured in space. Space debris objects between 0.1 mm and 
~ ~ , 

1 cm are difficul t to measure. While space objects smaller 

than 0.1 mm can be detected in space, the orbiting measurement 

devices cannot distinguish between natural micrometeoroids and 

space debris. 259 

The maj ori ty bf equipment now used is ground-based and 
. 1 

incl udes optical sens ors ,( SJ'Ch as the Baker-Nunn cameras and' 
, 

the_ -Ground-based Electro-Optical' Deep Space surveillance 

(GEODSS) system, and a radar sensor, the perimeter Acquisition 

and Attack Characterization System (PARCS). AlI these 

instruments are operated by NORAD. 
1 

Optical sens ors are currently the primaryc source of 

information. Baker-Nunn cameras, .the oldest of the 

optical sensors, first entered service in 1957 in time to 

observe Sputnik l. They can track objects as small as 4 cm 

diameter at of less than 400 km and objects 2.5 m 

diameter in This system relies on photographs which 

258 Impact of pace Activities, supra, note 214, par 71. 

\ 259 pra, note 3 at 60. 

260 Howell, supra, note 142 at 586. 

261 Smith, supra, not 43 at 46. 
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must he developed and a~alysed before the information can he 

passed to NORAD. The Baker~Nunn cameras are being phased out, 

to be replaced by GEODSS. 262 

The GEODSS system is currently used to track ,space 

objects between 5,000-35,000 km altitude and is capable of 

" ~etecting objects of 1 cm diameter in LEO and of 20 cm 

diameter in GEO. On complet ion , 263 the network of electro-

optical observatories, spaced at- -roughly equal longitudes 

around the globe, will provide complete coverage up to and 

including GEO. Each observatory collects information by 

focusi'ng "sensitive low-light level' television cameras through 

large astronomical telèscopes, then feeding the light measure­

ments in digital form to computers. 264 The Experimental Test 

system (ETS) of Lincoln Laboratory, designed and built as the 

prototype observatory of the GEODSS network, has been used to 

search for, detect and discriminate space debris at lower than 

62 Wirin, supra, note 10 at 5. 

63 The four operational sites are in New Mexico, Korea, 
, Hawai' and Diego Garcia in the Indian Ocean, with a fifth site 

planned for Portugal; see R. T. Herres, "Space Grows in 
I~pordmce to National', Security" (November-December 1986) 1 

Defens~ 86 17 at 22. N~gotiations for the si te in southern 
Portugal will delay completion of the network until at least 
us Fiscal Year 1995, leaving a major gap in eastern hemisphere 
deep space coverage until theni "USSPACECOM Pushes Deep Space 
Radar", Military Space (11 May 1987) 3. 

264 Howell, supra, note 142 at 586; Wirin, supra, note 10 
at 5, and Schefter, supra, note 121 at 51. 

\ 



1 r . , 
i 
! 
! 
1 

! 

------~--, 
" ___ .. ______ .. __ . · __ ···r~ ___ ~ __ . , . ~ , 

" 

c 

/ 

L. 

c 

u , 

L 

83 

normal altitudes of 300-2,000 km in LEO as weIl as in GEO.265 

The improvements in space 'debris detection available with the 

GEODSS system have already been demonst;rated by ETS when it 

determined that debris popul~tions in LEO and GEO were much 

greater than had been previously expected. 266 
• 

PARCS is NORAD's most powerful radar and can typically 

detect obj ects as small as about 8 cm in LEO. Past and 

continuing tests have shown an uncatalogued population between 

7 and 35 per cent greater than the cataloqued population. 267 

PARCS was first u~ed in 1984 to conduct a special test of 

small space objects at altitudes of 400 km and below. Six 

times as many uncorrelated obj ects normally seen by radar were 

detected, leading to the conclusion that there were even 

. larger quanti ties of space debris at considerably higher 

altitudes. This system logged four times the catal,ogued 

population when i t tracked a debris cloud formed by a sate!­

lite fragmentation. 2'68 NORAD is, developing techniquês., to use 

265 L.G. Taff et al., "Low Altitude, One Centimeter, 
Space Debris Searah' at Lincoln Laboratory's (MIT) Experimental 
Test System" (1985), ,5 Advances in Space Res 35 at 35. 

266 See L.G. Taff, "Satellite Debris: Recent Measure­
ments" (1986), J Spacecraft & Rockets 342 at 246; L.G. Taff 
anÇl D.M. Jonuskis, "Results and Analysis Ç>f a Bi-Telescopic 
Survey of Low Altitude Orbital Debris" (1986) r 6 Advances in 
Space Res 131 at 131-32; Taff, supra, note 265 at 35, and 
infra, text accornpanying, notes 354-356 and 388. 

267 SAB draft report, supra, notè 3 at 10. 

268 Johnson, supra, note 126 at 15-16. 
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PARCS" for routine sampling of space obj ects too small to he 

included in the NORAD catalogue. 269 -'-

The first space-based sensing device providing an ~ 

opportunity .for -. space debris, observation was the Infr-ared 

Astronomic~l Satellite (IRAS). Launched in'- 1983, IRAS" can 

detect objects of 1 mm diameter at a range of l.fJO km and of 1 

cm diameter at a range of 1,000 km,270 thereby improving 

current operational ground-based capabilities. In addition, , -

IRAS overcomes constraints or Qptical and radàr sensors. For 

the latter, the smallest object ~bservable is in the order.of 

eentimetres; the former are severely limited by local weather 

and particle 1 ighting eondi tions • The usefulness of this 

system is limited, sinee IRAS is- not part of NORAD's opeJ;a­

tional system. 271 

To eonduct comprehensive hazard level assessments for 

LEO, orbital data on space debris from about 1 mm to 1 cm is 
J 

required. As this need becomes· more critical, the optiOll'l of 

gat~ring statistical data on space debris from orbiting 

269 Wolfe, supra, note 1 at 261. 
\ 

~70 An earlier study indicated that, for space objects 
moving at 7' km/sec, IRAS could detect particles 5 cm in 
diameter at 3,500 km, 1 cm at 700 km, 0.5 cm at 350 km and 1 
mm at 43 km. The latter measurement is somewhat approxima te; 
R.C. Reynolds et al., "Orbiting Monitors for the Low Earth 
Orbit Man-Made Debris population" in Heath, supra, note 17, 
215 at 216. 

_ 271 P. D. Anz-Meador, et al., "Analysis of IRAS Data -;..for 
0rbital Debr~'s" (:1,.986), 6 Advanees in Space Res 139 at 139 and 
SAB draft re ort, supra, 'note 3 at 16. IRAS has already shown 
that much mo space debris exists than expected; see, infra, 
text aecompazp ng note 356. _ 
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senS'OiB will become more attractive. Ground-ba •• d radar 

. cannot meaaure debris particle cross-aections, whil. curr.nt 
1 

ground-based oPtica~ aensora have capabili tiea too 010.. to 

threshold detection levels 1 have limited observation periode 

and are subject to a mospheric interference. 272 

Studies have s own that either an orbiting radar, lidar 

or optical telescope could not only deteot spaoe debri. in the 

1 mm to 1. cm range, but could also obtain sufticient intorma-. 

tien on object traj eotories in order 'to discriminate bàtween 
~ , t 

meteoroids and space debris, a critical. distinction for -
spacecraft design considerations. 273 

,A space-based radar system would require a large platform 

and would provide great versatili ty and accuraçy; ho~ev~r, the 

significant power requirements may be prohibitive. Lidar 
. 

systems are as flexible as radar systems and operate at 
\ , 

" 

shorter wavelengths than radar, thereby 'providing greater "'-.L 

resolution and hence greater accuraoy. 
" 

~as_sive optical" 
~ o." 

272 R.C. Reynolds, "Design Considerations tor Orbiting 
Detectors f~ __ the. Low-Earth Orbit Debr!1l Pop_ulation" (1985), 5 
AcJvances in Space Res 63 at 63-64 and sanguinet, supra, note 
161 at 59. Improvements in qround-based optical devices 'are 
being studied. One system und.er consideration could detect an' 
object with a 6.14 sq-cm cross-section, a capability far in 
excess of that now possessed by NORAD ( Johnson and McKnight, • supra, note 196 at 61.. -" ' 

273 Kessler, supra, note, 3 at, 60 and Reynolds, supra, 
note 270 at 215. 1 
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device would measure either the Sun's reflective energy off 

the objeet or the radiant energy of the objeet itself. 274 
/1 

The choiee 
. .-~--

of whieh system to use is related to the 

nult\ber of objects which can be deteet-ed per unit of tiine. A 
~ 

passivoé optical system could aehieve an event rate of thou-
, 

sands/year at 800 km for objects 10 cm in dialneter or more, 

while lidé?-r and radar systems will only have rates of 100/year 

for very small obj"ect:s. Other variables to be considered are , 

previous use, weight, accuracy and costs of construction and 

operation. While the passive optical device is the best 

overall system, it has been proposed that aIl three deviees be ... .. 
flown on a dedicated platform for comparison. 275 .,.. 

'- ... ~ . 
f' ~ 

'y' 
Mier,?part.:ic\Jlate"," ifia~er ~ al"so be 

"7 v-, ~.... ' 
Spacé-baseà" impact sens ors have measured 

) 
particulates between 1-500 lnierons in 

r • . 

.de):ected in orbi t. 

low-veloei ty 'micro-

to determine 

274 Johnson. and M~Rllight, supra, note 196 at 61. While 
radar uses reflected radio energy ta detect .. objeets, lidar 
(light detection and rang,ing) transmits optieal energy at an 
ollject and measures the reflected energy on a mosaie deteetori 
id. 1 

2-=75 Johnson and McKnight, ibid., at 64. Sç:ientists at 
NASA' s Johnson Space Center recommended in 1984 that a 
dedicated space debris monitoring satellite be placed in orbit 
at an altityde higher' than USISS in order to as~ess whether 
accumulating '. debris would eventually sift down to a level 
where a station strike would be more likely; "station Likely 
to be Hit by Debris", AvWk&SpTech (17 September 1984) 16. 

US Space Command has been requesting a deep space radar 
to monitor Soviet shuttle launches and provide early warning 
of soviet ASAT attacks on us satellites in GEO. However, 
space-based radar i8' too costly and will remain in research 
and development for many years; "USSPACECOM PUshes Deep Space 
Radar", lIi1itary Space (11 May ~987) 3 and ",Aldridge Says US 
Can't Afford SBR [Space-Based Radar]", Hilitary Spaee (9 
November 1987) 1. 11 
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w~ther impacts fram th~se ,0Dj acts p.!lse a danger to .pao.craft 

after the particle~ separate from the çaoaoratt: and remain 1n 

a similiir orbit.21f The device used for thi. mea.ur.ment k I!'\ 

two .. stage acoustic penetration and impact ~.t.ctor. However, 
, 

a one-stage device with similar capabilit"ie. has bean deve­
(, 

loped and oould bé considered for testin.9 on a future .pace 

flight. 277 

(b) Faoilities 

At present, there ls no international nètwork tor .pace 
~ 

obj ect detection. 278 However, three.organizations, two 

international and one nat1onal, do provide infarm~tion on the 

number of active pa.yloads and related abj ecta lau~ched. This 

information is helpful in aacertaining the quantity qf larger 
• 

space debris objects and in compiling statistical predictions 

therefrom. - " 

276 W. Frisch and E. Igenbergs, "The Contamination of 
Metallic Surfaces Dy Sma1l- Partiel es Impacting with Law 
Velocities" (!l.986), 6 Advances in Space Res 151 at 151. 

, 

277 U. Weishaupt and M. Rott, "Large Surface piazocera­
mies Used for an Impact De.tector for Micrometeor9id and Spâce 
Debris App~ation" (1986), 6 Aèlvances in Space Res 155 at i55 
and 158. See a1so, John'son and McKnight, supra, note, 196 at 
64-65. ' . 

278 L. Perek, "The Environmental Impact of spa ce Ac­
tivities" in B. Jasani (ed.), outer Space -- A Source ot 
Conflict. l,. A st~dy prépareà by SIPRI .and UN Un~v.r.ity 
(publication forthcoming) 5. 
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(i) 'International 

aince 1962, . the outer; Space Affairs Division of the 
J 

united Nations has kept a public.reqistry containinq informa-

tion on obj ects launched into outer space .~ _ :tni tially , this 

information was provided voluntarily to the UN .secretary-

\' Ganeral by the launchinq states, pursuant to United Nations 

'General Assemb~y CUNGA) Re~olution '17~1.279 Since 1976, 

provision of certain information ,by the state o~ reqistry is 

mandatory, pursuant to the Reqistration Convention (articles 

III and V). 280 Launch armounèements are publish~d .in the 

order they reach the pnited Nations, not in the time sequence 

of launchinqs.281 

Under Article IV par 1 of the Reqistration Convention, 

) 

- " t. 

the state of reqistry of the space object must furnish-

lit 
information on the name of the launchinq state(s); the 

279 International Co-operation in the Peaceful Uses of 
Outer Space, UNGA Resolution 17il (XVI) 20 December 1961. 
Part B, par r calls on "states launching objects into orbit or 
beyond to furnish information promptly to the Committee on the 

<"' Peaceful Uses of Outer space, throuqh the Secretary-General, 
for the reqistration of launchings", while Part B, par 2 
"[ r] equests the Secretary-General to maintain a public 
registry of the information furnished in accordance with 
paragraph 1". 

280 Convention on Registration of Objec'hs Launched into 
outer Space, UNGA Res~ 3235 (XXIX) 12 November 1974; 1976 
CanTS 36, 28 UST 695', 'l'IAS 7762 (opened for signature 14 
January 1975, enteréd into force 15 September 1976). For the 
text of the relevant port:l.ons of articles, III and V, see, 
infra, Chapter Two: A/5, notes 165 and 194, respectively. 

281 Per~k, supra, note 278 at 5. 
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desiqnator282 or reqistration number of the space object: da,te 

and location of- lauhch; basic orbital parameters (nodal ... 
period,' inclination,' apog~e and 

~ ~".. 1 

perigee) and the general 

function ,of the space object. 283 
, ( 

This information must be 

provided to the UN Secretary-General "a$ soon as practicable" . 
(Article IV par '1), a 'requirement whioh resul ts in customary, 

delays of three months ,to a year after launch. 284 states of 

reqistry may provide ~ adâitional inform~tion abqut l space " 

object from time to'time (Article IV par 2), and must 'provide, 

"to the qreatest extent ... feasible and as soon as practioable" , 

info'rmation on previously registered obj ects which are "no 

lonqer,in ear~h orbit" (Artiole IV par 3) .285 Thus, it ls not 

282 The international desiqnator indicates the year of 
the launch and the launch number within the year. Eg, 197~-58 
refers to LANDSAT 1. In the united states, a capital letter 
designating the object type is often added. For example, 
,1984-90A is Ekran 13, a Soviet co~unications sa~ellite, whiîe 
1984-90B signifies the rocket which launched Ekran 13. The. 
letters C, 0 and E 'indicate space debris which followed the 
payload into space; Howell"supra, note 142 at 586 •. 

283 Registration Convention, supra, note 280. For the' 
text of Article IV, se~, infra, Chapter ~o: A/5, note 17~. 

284 A.J. Young, ilLegal and Techno-political Implications 
of the Use of Nuclear Power Sources in Outer Space" (1987), 12 

. Rutgers Computer " Technol L.1 305 at 320-21. See a180, A • .J. 
Young, "A Decennial Review of the Registration Convention" 
(1986), 11 Annais'Air & Space L 287 at 295. ~ 

285 This 'informatio~ is contained~ in UN doeum~ts 
prefixed with the symbol ST/SG/SER.E/._. Launchings 
notified to the UN by s~ates not parties to the Registration 
Convention are contained in the UN dQcuments prefixed with the 
symbol A/AC .105/INF. ; see UN GAOR, COPUOS " Application of 
the Convention on the Registration of Objects Launched into 
outer Space, A/AC.105/382 (2 March 1987) pars 5-7 [hereafter 
Registration Convention Applicatiop]. ~ , 

" 
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mandatory either to provide information on operational' debris\> 

put into spape at the same time as a launch286 or ta give <> .. 

notice of failed 1aunch at~empts. Als9, states not'parties to 

the Registration Convention need not provide any of the 

required information. 287 

~ 

. The non-qovernmental international commi ttee on Space 

Research' (COSPAR) 288 ~stablished the SPAC~WARN system in 1958 
~ 

so that scientists around the wor1d' cou1d have prompt acceSB 
) 

to information on new launchings and continuaI information on 

orbiting sp~e objects. 289 Information provided'by COSPAR is 

considered to be -far superior than that availab~e in the UN 
'"\ 

registry.290 

COSPAR issues two pUblications on launch activities. The .. 
SPACEW~ Bulletin identifies active payloads according to the 

urgency and detail of information n~eded by the scientific . . 
community and, \ when available, provides recent international,. 

design~tions, texts of launching announcements, data on a,çti ve 

~ 

286 Registration Convention Application, ibid., par 14. 
Only"the United states registers operational debris. 

287 At present, China is the only launahing state not à 
'""tparty to the Registration Convention. 

288 COSPAR is a special commi ttee of the International 
'Couneil of Scientific' Unions (ICSU), a non-governmental 
organization composed of represéntatives of international 
scientific unions and national scientifie organizations. 

289 R. Chipman ( ed. ), The ~or1d in Space: A surVey of 
Space Activities and Issues. Prepared· for UNISPACE 82 (NJ: 
prentiee-Hall, 1982) 656~57. 

290 Young (NPS), supra, note 284 at 321. 
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.payloads-particularly sui~ed for internationaL participation, 

and launching" repo~ts.291 ,The COSPAR J:nformation- Bulletin 

provides a continuous record of l-auncnings apd oontaine more 

information th~ is required under Artiole IV, of th~ Re9iat~~­

tion Convention: COSPAR des!gnation, co~ntry of oriqin~ iaunch 

date, lifetime or descent date', ~av.ilable information on the .. 
• space object and its ·pereonnel (where approprlate) and the 

a 

initial orbital e~ements of apogee, perigee, indlination and 
, 

.. period.29~, 

~ (ii) National 
" 

'Under Article II par 1 of the Registration convention, 293 , 
,. 'sa"ch launching. 'state must' maintain a registry of spaoe obje~ts 

" "'\ ~ 

launched into Earth orbi t,or peyor:and inform ~e U~Secreta-
" i .1: ry-Géneral of thé establ shment.o this reqistry. The content 

v 

. 
of the reqistry ia détermined solely by the state of regfatry 

1.1 

291 Chipman, supra, note 289 at 658. Active payloads are 
identified accordinq to a' three-part classification: category 
l ,-- spacecraft particularly suited for international 
participation, especially those for wJ;lich prior arrangements 
have 'een circulated through COSPAR channels; category II-­
space experiments of unusual general ,scientific interest or 
popular'interest, and manned spaceflight and space probes not 
ilf included in CategoI:Y l, cand Category III -- all other' space 
,ixperiments, not included in ei ther of the f,irst two catego­
ries; id. 

292 Young (Reqistration Convention)" supra, note 284 at 
290 and 293. i .. , 

293 Supra, note 280, For the text of the relevant 
-portions of Arti~le II, see, int'ral Cha.,pter Two: A/5/~ote_ 163. 
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are not consis-' (Article lI" par 3). rus, these reqis'tries 

o tently reliable sources \\Of informàtion. 29,4 

In the United states, responsibi~ity tor cOllectinq 
Il 

information to meet. this t:reaty obliq~~ion ,h,as' been' .~ssiqned 
"I;f" , ' 

. t6 NORAD., 2 9 5 US spacé çommand,' amonq oth~r thin~s , now 

monitors space activity for NORAD 'trom the éommand's ,Space 
, .... ~ 

Surveillance Center eSSe) deep inside, Cheyénne Mountain in 

central. Colorado. 296 SSC op~rations prov,ide data used 't9 
. 

compile and maintain the NORAD catalogue, to tr"ac'k spac~, . ~ 

object re-entries and to manaqe collision .... avoidance manoeu:"-.... 
vres. 

SSC monitors every trackable orbitinq object launched ~n • 
the world, observinq ,all sate~lite launches, breakups and re~ 

ent:-ries, and ia able to deteèt new launches within moments in 

'. 
(' 
'f 

294 Information furnished by States tq.. the Secretary­
General concerninq the establishment of national registries is 
found in UN documents prefixed by the symbol ST/SG/SER.E/INF 

1 Reqistration Convention Application, supra, note 285 7 par - " 8. 

295 Johnson, supra, note 137 at 2-1. 

296 Howell, supra, note 142 at 584. See also, Herres" 
supra, note 263. In addition, the USAF Space Command was 
established on 1 September 1982, due to increasinq military . 
dependence on space systems, Soviet threats and far-reachinq 
changes associated with STS orbiter operations; "USAFls Space 
Command te be Established sept. 1", AvWk&SpTech (28 June 1982) 
30. Cammand headquarters are located at Colorado springs, CO. 
See a1so, W.B. Wlrin, "United states Air Force Space Command 
Formed What It ls and How It Works" (1984), 2 Air & Space 
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lthe absence of prior. notification; 291 
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This intormation la 

compiled in th,e NORAD catalçque of .pac,~ obj acta. 
,~ . .. 

Although 

the'" primary function of the cataloque ls to alert the NORAt), 

commander to.' a decaylng space object so that it w;ll not be 
, 

'mist~ken for "Zl re~enterin9 ~ercontlnentàl halli.tic m'la.-

sile,298 it is invaluable for space debris detectlon, ~ué to 
, . 

the capabili ti~s of ~ORAD trac'king devices ~ 
.' 

Howev~r, the catalogué has Its 11mltat~ons. :tt may b8 

siqnificantly i>ncoVlplete because only obj,ects which have been 
. .-: . 

observed by more than one radar and whidh could be associated 

',W\th a "launéh are lnéluded. 299 AIS~,' the ab~lity to catalogue 
, . , 

objects smaller than about 10-20 cm and abov~ 600 km is 
!J 

~strictèd by the power and wavelenqth of indh~'ldual. radar 
• 1 0 

,sites and by the constraints on Qata transmission withln the 
u , 

ne'twork· of radar site~ .. '300 
.. 

SSC mQnitor~~ space object breakups in order~ ta pr~cHct 

'the more than 500 objects 1 which~ decay annually. T'Wo weeks 
l , 

prior ta the expected.decay·of any'large space object,;the SSC 
, • ~ ; ~Y' 

, 
beg!lls m,pre frequent observations. Two hours prior to ra-

297 Howell, ibid., At. 586. Initial hotice for a US 
launch ~~,~5 da ys prior to launeh, while hotifie~tion of most 
foreiqn 'launches comes from the s~tellite Early· Warning 
System; Wirin, supra, note 10 at 5.~The Soviet Union doea not 
ordinatily announee its launches in advance, nor do.. it 
announce unsuccessful launches; Howell, id. . , 

298 Wirin, ibid., at 5. 8" also, infra, B/l(e). 

299 Perek, supra, not~ 278 at ---S. 

300 SAB draft report, supra, note 3 et 10 and John.on, 
supra, note 121 at i. f 
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entry, a final prediction is cQmputed, accurate to about 12 
, ~ 

minutes. NORAD is currently working to maintain and improve 

its satellite,-breakup reportinq capability.301 -/ ~ 
, ~ 

, Deteètion data is also used to_ prevent collisions between 

BTS orbiters and cataloqued pieces pf space debris. During 

or~iter missions, information concerning possible collisions 

is compiled and, transmitted -to NASA,- which assesses the 

collision risk and considers possible evasive action. SSC can 

pradict the time of a debris fragment's ~losest approach with 

an orbi ter" but ca1culation of the exact miss distance is 

problematic due to uncertainties in determining the relative 

positions of the orbiter and the debris objecte Beyond 
\ 

warninq of ~ close calI, oroital analysts carnot,predict that 

a collision will actually occur. 302 

(iii) Other 

.' Other organizations also monitor space obj,ect:;s. However, 
o 

, unl.lke· NORAD, space· agencies such' as, NASA, ESA and the 

lnternational Telecommunications Satellite Organization 

(INTELSAT) are concerned primarily with their own current 
. 

missions. 303 NASA publishes a publicly accessible source M , 
-' 

information, the Satel1ite Situation Report, which consists of 

data. either computed at Goddard Space Flight Center or NORAD, 

301 Howell, supra, note 142 at 588 and Wolfe, supra, not~ 
1 at 261. 

302 Howell, id. 

303 Ibid., at ~84. 

,. 
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or provided by satellite owners. Eacb vol~a a180 cont~ains 
~ - 0-

th"ê most reç,ntf spa;é Obj écts Box' Sco_~e, a s~ary ot 1 tems 
11 

in the NORAD catalogue. 304 Another usetul publicatc!on ls 

provided by the Royal Aireraft Establ~shment. The RAE Table 

of Earth sa~ites contains a list of apace objecta launched 

and dècayed. 305 

ci 

(c) Prediction and Causal Détermination 

NORAD orbital data may b~ used to prediot orbital patha, 

re-entry trajectories and future populations ot .pace d'bris, 

and to de termine the cause of fragmentation events. 
, ' /.. ~. 

The accurate prediction of orbital lifetimes and re-entry 

paths of space debris objects prior to their decay remains one 

of ;the most difficult a~d intractable problems of orbital 

mechanics. At best, it is é!-n inexact science. 306 Lifetime 

estimates determine ·whether the orbital litetime of a payload 

exceeds its active -lifetime, thereHy ensuring that the payload 
r 

will not decay before completioJ;l of ite nominal mission. 

Accurate calculation of thé exact time and place ot spaee 

obj eet re-entry- is necessary 'in ordeI4b that adequate advanee 
. • t 

notice can be given to the. situe of the re-entry. 307 In 

304 NASA, satellite situation Report (30 September 1986~ 
1-2. 

305 Perek, supra, note 278 at 5 and n.2 • 

. " 306 NPS Working Group report, supra, not~ 144, pars 21-22.-
~ 

307 Janin, supra, note 222 at 34. Heavy .pace objecta 
may not burn up completely durinq atmospherio re-.ntry, ao •• 
pieces may hi t the.J Ba7;th • s surface. The ne.ct tor improvec! 

- t 

0" 
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~ .. 
addition, use of NORAD data to develop techniques for deter­,. 
mininq the evolution of space debris populations is crucial 

, 

~or forecasting collision, risk. 308 
., 

oeterJpining the cause of fragmentation avents is a young 
, . 

science. Yet thj.s type of computer analysis has' already 

p.1ayed a pivotaI role in identifying spac~ objec1;.E\ which have' 

,fraqmented, causes of fragmentations and, to a lesser dégreE!", 
, 1 

objects responsible for fra9mentations.309 Such determina-

tions are necessary if matters of insurance, liability and, -. ' responsibility are to be resolved in a just and efficient 

manner. CurrentIy, the" available evidence is. merely SpeCUli!l'-

tive, due to 

aquipment. 310 

\ 

the, technieal -limitations of the detect~on 
\' . 

Until improvements are forthcoming 1 it will b1!~ 
~ 

difticult to attribute fault' with the desired degree 0 of 

certainty, sinee the very nature of eircumstantial evidenee 

requires a high standard of reliability. 

. The basic method for determining the cause of a. fragmin-
\ 

tation event is by backtraeking orbital paths to determine 

p 

prediction' techniques has been illustrated by the re-entries Q 

o~ Kosmos 954 (January 1978), Skylab (July 1979) and Kosmos 
1402 (February 1983); id. . 

, 

308 'For an example of a model for the evolutlon of space 
dabris in LEO, see Reynolds, supra, note 1'38. '1;'his model is 
designed tp discriminate bet,,!een space obj ects 1n long-life 

. and rapid-decay orbi ts and to analyse the haza:E'd they pose to 
active payloads. . U , 

309 See, eq, sch~fter, supra, not.,;" 121 at 51, and supra, 
taxt accompanying not:.es 121 and 1:-31-133. 

310 Scherter, id • 
.. . 

l' 
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" 
which abject fragmented and -the - location and tima D of the 

"\ event. 311 
.,.. 

Sinàe the breakup ,of a spaee obj.ct i'. ~.ldom 

det,oted as it ooeurs, a debris oloud will be ob.erve'd in tha 
. , 

vicinity of where the objeot was .last sean. Eàch piace of 
'" • • 

,debris ls then -tracked separat~ly; trom thls data, the in! t!al 

position of each fragmentes pa~h oan be datermined. Breakup 
, . 

ls . considered w be that point whfllrè 

fragments have a minimum separation. 31~ ~ 
'--

" 1 

the colle~tion ot 

Several techniques have been developed ta aid il) space 

debris analysis-'~nd causal .determination .. 313 One method il:!" 

the sateliite Fragmentation Event (SAFE) test. SAFE combines 
~ . 

several debris analysis methods and calcùlates whether a 

debris cl~ud has the characteristics of a typ!cal co11ision-

induced breakup or propulsion-related explosion. A hiqh score 
/ 

indicates tHat the bre~kup is likely collision induced. 314 
tI 

y .The simulation of a space objeQt· fragmenting in orbit is 
, 

a, te'chnique used to identify th'e original causEt of the 

33,1 Id. 

,,' 312 Johnson and McKnight, supra, note 196 at 58 and 60. . - ",.......,,' ..... 
313, Each of the techniques( discussed, in~ra, was used to 

dE\term..!ne the cause of the breakup of satellite 1981-53A 
(Kosmos ,1275). Each concluded that fragmentation wa. du. to u 
collision with a piace of .pace debris, s •• KCICI'\!qht, .upra, 
note 5. See also, supra, text accompanying notes 126-12'. 

'" - .. ~ . 
314 Johnson and McKniqht, supra, nota 196 et 52 and 

McKnight, ibid., at 3. SAFE uses a checklist ot criteria 
related to distribution of debris altitudes and tragmentatiofi 
masses; see MéKnight, id. 

, .. 

. . 
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breakup.315 The. basic simulation tool is the Gabbard diagram 

which plots a space object's Apogee and perigee heights 

against its orbital periode Gabbard diagrams can be used to 

determine whether a satellite's orbit is elliptical or 

circular1 whether the breakup occurred at Apogee, perigee or 

somewhere in between; w~ether t~e breakup was lict;;;y col­

lision~ or explos±on-induced, and whether there{ are any 

notable characteristics which might help in the analy~is.316 

Both SAFE and simulation models are very subjective. The 

formulation of an objective, accurate and automated test which 

identifies the éause of a space fragmentation is essential to 
/" 

future space debris analysis. SAFE II has been developed to 

meet this need and is currently formulated to test whether a 

breakup event has been caused by a propulsion-related ex­

plosion or by a collision with a small debris fragment. 317 

) . 

315 Johnson and McKnight, ibid., at 60. simulation also 
provides better models of the space debris environment and can 
account for untrac~able objects in a debris cloud; id. 

316 Ibid., at 38, 41 and 45. 

317 McKnight, supra, note 5,;1 at 1 and 5-6. SAFE II 
incorpora tes pre-breakup para~ters of trackable space 
objects, the most important of which is the proba1;>ility of 
collision. Other observations made before and alter the 
breakup are used to adjust the initial )2robability of col­
lision into the probability that the breaRûp was the result of 
an impact with a piece of space debris; for details, > see, 
ibid.,_at 5. 1 

-'" 

/ 
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DI PROBABI:LIT'i OF THE OCCURRENCE OF A SPACE DEBRIS RISl( EVENT 

Calculating the probability that a space debris risk 

event will oceur is important not only 'for safety considera" 

tions, but also for determining the economic and political 

costs of future spa ce activities. Establishing the likelihood 
l 

that a particular risk event will take place and the extent of 

'" the ensuing damage, is not yet an en ct science. Several 

reasons for this uncertainty will be suggested. since the 

risk of collision is of gréa test concern to space planners at 

present, the probabilities of collision resul ting in loss of 

or damage to persons and property in LEO, GEO and GTO will he 

discussed. 

1. THE UNCERTAINTIES OF PREDICTION 

The probability that a space object will collide with 

spacer debris is proportional to the density of the debris, its 

relative velocity at encounter, projected area of the space 

object and mission duration. 318 Since nohe of the variables 

~ed in this calculation Is static, results genera~ed trom 

collision models "are highly uncertain. For example, the 

~ concept of spatial density319 is critical. Yet to calculate 

this variable, it would be necessary to detect aIl objects in 

318 V.A. Chobotov, "Classification of Orbita with Reqard 
to the Collision Haza-rd in space" (1983), 20 J Spacecraf't -, 
Rockets 484 at 484. 

_ 319 Spatial density is the average number ot objects 
found in a unit of volume; D.J. Xesaler, "Deviation ôt 
Collision probability between Orbiting Objects: ~8 Litetimes 
of Jupiter'~ Outer Moons" (1981), 48 lcarus 39 _t 39. 
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a specifie region of outer spa ce , an impossible task due to 

technplogical limi~tions320. Also contributing to the 

uncertainty of prediction are ignorance of the actual number 
. 

ot man-made obj ects in outer space, the validity of debris 

collision models and the future growth of space activities. 

(a) Space.Object population 

More than 7,000 trackable space objects now populate 

Earth orbit, as a result of the almost 3,000 launches by the 

tive launch-capable nations and one international organiza-

tion. 321 It is expected that by 2000 AD, this number will 

have increased to about, 10,000. 322 As for untrackable space 

objects, their quantity is unknown. Best estimates indicate 
. 

that there are between 10,000-15,000 objects larger than 4 cm 

ip diameter, about 30, 000 object~ betw~enl-4 cm and anywhere 

320 See, supra, Cj2(a). 

321 McKnight, supra, note 5 at 1. As of 28 Octoper 1'987, 
the~e had been 2,961 launches. On that date, the Soviet Union 
conducted its 2,ooOth launch, the Un~ted states had conducted 
870 launches and the rest of the world, 91 launches; "Soviets 
Achieve 2, oooth Launch with Cosmos 1894", Satellite News (9 
November 1987) 4. Although it might be concluded that with 
about 68 per cent of the launches, the Soviet 'Union is' 
responsible for a similar proportion of spa ce debris, the two 
superpowers roughly share equal responsibility for the current 
space debris population, since most USSR satellites-have very 
short lifetimes; Kessler, supra, note 3 at 50. 

In addition to the Soviet Union and the United state~, 
China, Japan, India and ESA are capable of conducting laun­
ches; Kessler, ibid., at 49. 

322 Howell, supra, note 142 at 588. 
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from 10 billion to thousands of trillions of ,microparticulate 

abjects from 1-100 microns. 323 

It is estimated that the trackable" space' c!lebris popula-
... 1 

tion is inpreasing at a rat~ of between 300-500 abjects 

annually.3'24 Future fragmentation events are ~xpécted to' 

increase the amount of space debris in the critical, ganerally 

untrackable range of 0.1 mm to 1 cm. 325 Moreover, in 

comparison to the natural 'background particles which eKist~d 

in outer space when the space age \egan in 1957, mah-made 

objects have fully doubled the micropartic~late population. 326 

(b) ~liSion Modela • 

~bse~ions of spa ce object breakups indicate that the 

( historically accepted models for predicting collisions in 

outer space have considerably underestimated the space debris 
, 

population. This inaccuracy may be partially due to the tact 

'that most probability models have assumed that 4ebris objects 

are distributed in uniform spherical shells. However, it has 
~" 

323 Ressler, supra, note 3 at 53; Wolfe and Temple, 
supra, note 83 at 3, and Kessler, supra, note 82 at 587. The 
microparticulate population includes tiny paint flakes 
(trillions) and smaller dust-sized partiales of aluminum oxide 
(tens ot hundreds of trillions); Wolfe ~nd Templ" id. Recent 
limited laboratory evidenae sU9gests that the number of. 
millimetre-sized particles 18' not as great as predicted in 
earlier calculationsT Mendell and Ressler, sQPra, note 109 at 
4. 

~ 0-

324 Jasani, supra, note 141 at 67. 

325 SAB draft report" Jlupra, no1:e 3 at 6. 

326 Jasani, supra,~note 141 at 67 • 
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been determined that space debris is clustered in heterogene-
. ' 

ous groups of various-sized toroids, in which the collision, 

risk la much higher. AIso, the a.ccepted models do _~ot account 

for oertain preferred locations of space debris, particularly 

tor manned op~rations. Therefore, spatial density charts used 

for these models may be bia~d, erring on the low side of 

ooiliaion pr~babilities and minimizinq the actual hazard. 327 

(0) Future Space Activities 

To -forecast future space activities with some d~gree of 

accuracy, i t is necessary to predict the behaviour of both 

natural and human forces. 328 Consequently, calculating the 

nUmber, size .and lifetimes of active p'ayloads yet t~., be 

launched a~d ~eterminin9 the quantity of space debris deposi­

ted in outer spaoe as a consequ~nce, are fraught with uncer-

tainty. The outline of future unmanned and manned space 

activ!ties which follows should be placed in the context of 

this restraint. f, 

'"", 

327 Temple, supra, note 101 at 2-3 and 5; Wolfe and 
T~mple, supra, note 83 at 4-5; Su, supra, note 196 at 111, and 
OeMeis~ supra, note 19 at 11. 

328 Bq, the inability to predtct increasing solar 
aotivity in 1978 brought the Skylab-l to an untimely end; see, 
8upra, note 223. If human behaviour were predictable, it 
would be easier to detemine factors such as the number of 
explosions in orbit, the number of natrons launchin~ or havinq 
satellites launched, technical improvements leading to less 
traquent launches of replàcement satellites, economic reces­
sions with their accompanying financial constraints and new 
trackinq systems to improve space debris detection abilities; 
Eberst, supra, note 223 at 382-83. ' 

... 

, 
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For teleconununication satellite activities, a lull in 

orders for new satellites is ~xpected during the next few 
~ . 

years as a result of the January 1986 Challenger disaster and 

other launch failQres later that year. lIoweve"t-, a viqorous 

recovery should occur during the next five years or so for 

replacement and ne~ application satellites. 329 In the United 

states, much will depend on the ability to improve ~ts launch-

capacity.330 The interruption in launch serv ices and the 

waitinq periods for ELVs could prompt the USAF te consider in­

orbit storage for its 'critical geosynchronous orbit space­

craft. 331 In addition, there is the possibility that hundreds 

o~ space objects may be launched into LEO if the U& military 

Light -Satellite programme begips.332 commercially; an 

innovative scheme, whereby satellite manufacturers will handle 

all phases of 'a launch, turning the payload over to the 

329 "Severe Drop in Satellite Orders Follows 1986 Launch 
Failures", AvWk&SpTech (B June '1987) 19. In 19B6, only 9 
satellite orders were placed with manufacturers in the United 
States, Canada and Europe. 

330 Until the united states rebuilds its launch Q~pacity, 
it ls without any reliable access to space. This reduced 
capability will result in a substantial backlog of existing 
and planned payloads. The demand for launch services will not 
be'adequately satisfied by ELVs produced by the private Bector 
for at least several years; P.M. sterns and L.. I. Tennen,. 
"Doing Business in Spa ce : Operating strategies for a Changing 
Market" (1986), 29 Colloquium. Law of Outer Space IB3 at 185. 

331 "USAF ~eighs In-Orbit sterage of Satellites", 
AvWk&SpTech (7 June 1982) 19._ ' 

332 LIGHTSAT would launch light, inexpensive satellites 
and could' become a multi-billion dollar, programme; "TRW may 
Receive First Contract in DARPA's Light Satellite Program", 
Inside the Pentagon (21 August 1987) 14. ' 
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customer orily after it has been delivered in orbit, may become 
, , 

an ~ndustry trend and speed up the recovery.333 In addition; 

EBA's sùccessful launch of 1ts Ariane rocket in September 1987 
1 .. 

should increase satelli'te launches in the near future',33'4 

wh!le China has alSfp A deve'loped satellite launch capabili­

t!es. 335 

Future manned activities' will involve construction of 

space structures and ancillary space transportation systems. 

In.the Unite~ States, since the Challenger accident, elimina­
\ . 

tion of the STS orbiter as the focal point of the us space 

programme has resulted in the revival of the ELV,industry.336 
r 

With the next orbiter launch expected no earlier than Septem-

ber 1988,337 and with doubts that a first flight will not 
o 

333 See "Hughes to Sign In-Orbit Delivery Pact with 
British Satellite Bcstg.", Space Commerce Bulletin (5 June 
'1987) 2; "Hughes Selects Delta for European DBS Satellites; 
Will provide Orbital Delivery", Satellite News (20 July 1987) 
l, and 11Mc;Donnell Douglas Captures Third Commercial Launch 
Contrac1;", satellite News (17 August 1987) 3. ' 

-1> 

334 "Satellite Industry Breafhes Easier After Successful 
Resumption of Ariane Launches", Telecommunication Report (21 
September 1987) 53. ESA has 46 satellites waiting to be 
launched during the next three years; "Flight of the Ariane 

. Shot in Arro for West", The Globe and Mail, National Edition 
(17 September 1987) B13. 

335 "China Facility Combines Capabilities to Produce Long 
March Boosters, ICBMs", AvWk&SpTech (27 July 1987) 50. 

33·6 "Shuttle Emphasis Reduced as Users Turn to Expendable 
Boosters", AvWk&SpTech (26 January 1987) 26. The first 
commercial sale of ELVs in'the United States was expected in 
1987; "First u. S. Commercial Sales of ELVs Expected in 1987", 
AvWk&SpTech (9 March 1987) 113. ' 

337 "New Assessment Slips Shuttle Launch to September, 
1988", AVWk&SpTech (13 April 1987) 28. 
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"rèsume until 1989 or possibly 1990,338 it ls likaly that more 

, 

government, commercial, science and ml1itary ua.ra will be 

looking to ELV launches. This shift ~ill inorease the .pace 
1 • 

debris pOllulation, sin~e using -an S~ orbiter, would have 

reduced·both operational debris prOd~~~Y multiple launches 

a,nd fragmentation debris cauaed by accidental explosions of 

rocket bodies with unspent fuel. 339 However~ the trend to ELV 

use could be short-lived if the proposed development of a 

recoverable heavy-lift vehicle (HLV) under the USAF advanced r . 
launch system (ALS) programme is successful. 340 

~ 
Plans for USISS are also uncertain. Initially, construc-

tion was expected to begin in 1993, with permanently manned 

. operations to commence in 1995. However, under the revised 
. ' 

USISS plan, the first station element ia scheduled for launch 
'. . 

in mid~1994, ~ith a perma~ently manned capability by 1996 and 

a completion date of late 1998. Further slippag8 in ox:biter 
, . 

/ . 
338 "Some Of.ficials Say Next/Shuttle Launch May N~t Occur 

Unt!l 1990" 1 Satellite News (3 August 1987) 8. . , 

339 Wirin, supra, note 296 at 12. See also, sUpra,\A/2 
and A/3 (a) (ii.) • \ .. 

340 The proposed ALS, formerly known as. the heavy-lift 
vehicle program (HLV), should be ready no later.than 1998 and 
would be able' use some of its systems for launches by 1993 or 
1994 ; "USAF Seeks Industry Responses for Advanced Launch 
System", AvWJç.&SpTech (11 May 1987) 26. The propoaed HLV system 
was to be developed for initil'fl capability by 1994 or 1995; 
"Rockwell Predicts HLV Will Lower Launch Costs", AVWk&SpTech 
(2 February 19B7) 24. While the proposed HLV was announced as 
a r~coverable system, the USAF request for submission Qi 0 

proposaIs stated th~t "reusability of launcher systems and 
'sub-systems should be considered lt • l 
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launchèS and protracted negotiations of mul tilateral agree­

ments could result in further_del~ys.341 

While us space activ:i.ties are on hold, the Soviet unio'h 

has taken the lead in manned space operations. The new Mir 

space station (MIR) is a major step toward development of a 

permanent manned presence in space. In add~tion, the Soviet 

Union expects to have an orbiter ready for operational use by 

---------rggO and is developing a second-generation MIR larger than the , 

current facili ty. 342 Japan -is also considering the develop­

ment of'a space station. 343 

Plans for otner large structures will also contribute to 
, 

the inèrease of the spàce debris population. These structures 
, 

will he required for solar propu~sion devices and s9lar sails: 

antennae, reflectors~ mirrors and space telescopes~ applica~ 

tion satellites and satellite platforms; solar generators, 

including solar power satellit~s: unmanned space depots, and . . 

341 "NASA to Seek Design Concepts for station Crew Escape 
Vehicle", AvWlc&SpTech (17 August 1987) 30; "US Space'Transpor­
tation System: Manifest" (1987), 3 Space PoJ.icy 159 at 161;­
"NASA will Proceed with Scaled-Back Space Station", 
AvWk&SpTech (JO March 1987) 27 at 28, and "US Partners Lurch 

\. Toward Agreement", Space station News (26 October 1987) 2. 

342 "Soviet Union Takes Lead in Manned Space Operations", 
AvWk&SpTech (9 March 1987) 129; "Soviets Near Flight Test of 
Small Manned Spaceplane", AvWk&SpTech (30 March 1987) 23, and 
"'Mir II Appears on Sovièt Horizon", Space station News (26 
October 1987) 7. ' 

343 tlJ'apan Sets Course' for Manned Factories", 1 Space 
station News (26 October 198~ If 
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space mining -and manufacturing. ~44. Already, it has be.n 

announced that the first US Industrial Space Facility will be 

ready to launch by the end of 1990, wi th NASA agreeing to 

deliver two such facilities into orbite ESA ia-alao diaoùe­

sing plans for a polar-orbi ting platform and a man-tended -. 

free-f1ying 1aboratory, while Japan ia proceeding wi th the' 

development of unmanned stations and manned factoriea. 345 

2. COLLISION PROBABILITIES 

~th this combination of unpredictable variables, i t ia 

not s'uà,rising that conclusions regarding the risk ot col-
• Jr 

lisions with space debris vary from study to study and over 

time. ~ 1982 study suggested that not on1y might the risk of 

co111sipn become significant r but it might even prec1ude using 

certain regions of outer space in the future due to an 
. , 

uncontro11ed growth in the am0unt of space debris. 346 Two 

years later, another study determined that although there was 

the potential for an increased risk of _ collision, current 

levels of space debris were not a major threat to unmanned , t 
systems and would only marginally threaten large long-duretion 

. 
344 UN GAOR, COPUOS 1 Annual Report _ of the Internation~l 

Astronautical Federation on the CUrrent State o( Space 
Technology, AjAC.105t274 (20 June 1980) 15-25. 

345 "Manufacturing Facility in' Space" (May-June 1987), 
FUturist 33 1 "Europeans Near Key ~ Decision. on Long-Term Spa ce 
Programs", AvWk&SpTech (28 SepteBlber 1987) 22, and" "Japan S8'i.:s 
Cours~ for Manned Factories", Space station News (26 October 
1987) 7. 

346 Reynolds, supra, npte 139 at 9 • 
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manned spacecraft' or high-va1ue ~e, mi1itary) systems.' That 

atudy a1so conc1ug~ that projected increas~s in space debris 

due sole1y to increased 1aunch activity wou1d not dramatica1~y~, 

change its findings by 1995. 347 By 1985, it was reported that 

any increase in the number of 1arqe spa ce objects wou1d 

incr.ase the risk of collision. 348 A 1987 report, based on 

improved mode11ing techniques, predicted that the probability 

that a .paoe station would be struck by space debr~s was ~ in. 

10. 349 \ 
. 

Conclusions reqardinq the rate of growth of the space 
, 

debris p~pu1ation suqgest an immanent risk of collision. In 

1982, it was ca1cu1ated that the amount of space debris was 

inoreasinqCby about 13 per cent each year. At this rate, it 

was calcu1ated that the space debris population wou1d double 

in the next 10 years and wou1d increase the collision hazard 

eiqht-fo1d in 20 ye.ars. 350 Three years 1ater, it was stated 

that if past ~rowth rates of space debris continue, collisions 

betw.een objects 1arger than 4 cm can be expected within the 

next fe, ye~rs • 351 Moreover, recent observations indicate 

347 Fischer and Reynolds, supra, note 212 at 401 and 406. . " 
348 Marshall, supra, n~7 at 424. 

Il 

349 DeMeis, supra, note 19 at 11. 

350 "The Orbitinq Jun~yardtt (April 1982), Futurist 77. 

351 A typica1 collision, would' be between an old rocket --
body or payload and an untracked explosion fragment larger' 

'{
than 4 cm; D.J. Kessler, "Orbital Debris Issues" (1995), 5 
Advances in Space Res 3 at 6. See also, Kessler, ~ra, note 
3, for an updated version of this art~cle. 
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that collisions" w·ith space debris have already oceur'red. 352 
~ 

However, wit:hout on-site presence of sufficient duration to 
, . 

meaBure space debris and to characterize its constituent 

elements, the deqree of increase will remain a matter of , 

conjecture and concern. 353 

(a) In Low-Earth orbit CLEO) 

Recent research strongly indicates that previous calcula- 1 

tions of the probability of collisions in LEO between spa cp 
l' 

debris and an active payload were mU9h too conservative. With 

the number of tracked space objects currently around 7,000,354 

the' total space debris"population in LEO has been calculated . ' 

to he 8 to 11. t~mes that amount. This quantity is much larqer 

than was previously helieved to he the case. 355 If initial 

-
352 See, supra,'text accompanying notes 110-120. 

, 

353 Johnson, supra, note 137 at 5. TWo factors con­
tributing to the rate of increase in the spac~ debris popula­
tion are the raining of dehris fragments from higher to ~ower 
al1:itudes Where they can he 1:racked, and the improvementf of 
the detection equipment itself; Johnson, supra, note 126 at 13 
and Perek, supra, note 278 at 6. The discovery of this "old'" 
dehris implies that the hazard posed by space debr!s will not 
only increase in the future, but has been more serious for a 
longer time than previously expected. 

1 

354 McKniqht, supra, note 5 at 1. ' 

355 Taff et al., supra, note t65 at 35; Taft, supra, note 
166 at 341 and 345-46, and Taff and Jonuskis, supra, note 2~6 
at 135. The .factor of 8 was fram an experiment prior to the 
one which concluded that the factor of 11 was applicable. 
Moreover, aIl calculations, ~including the ab.olute minimum of 
7,000, are conservative estfmates sinee theyare ba.ed on the 
assumption that aIl cataloqued space objects _ were always 
detected by the tracking equipment and the tact that not aIl 

- potentially trackable space Jobjects can be detected at lower 
~levations; Taff and Jonuskis, ibid., .At 135-36. 
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calculations derived from the first space-based obs~rva't:ions 

of debris are Any indication and if the r-esults expected from 

improved gJ:ound-based detection capabilities are borne out, 
, 

the space debris population may even be greater. 356 

Based on the'number of tracked spa ce objects in 1978, it 

was predicted that the first collision with ~pace debris in 

LEO would oceur between 1985 and, 2005. The presence of 

untrackabloe spa ce obj ects would have moved this date even 
, l 

'>. 

closer. 357 More recent studies con~irm that the occurrence of 

a collision is only a matter of time. One study suggests that 

it the growth of trackable space ,objects continues at the 

present rate, destruction of objects by spàce debris may be 

co~onPlace by the year ~000.358 Another study concludes that 

,if ther~is a steady growth of launches into LEO, space debris 

of 4 mm and larqer will eventually become hazardous to Any 
• • 
kind of space activity by around 2150 at the very latest. 359 . 

356 Spa'ce-based calculations indicate that the number of 
space debris abjects of about 10 cm diameter exceeds the 
number predicted to be observable; Anz-Meador, supra, note 271 
at 139 and 142-43. As for qround-based estimates, it is 
expected that equipment modifications will reveal an increase 
in the untracked-to-catalogued ratio by a factor of two' or 
three; Taff and Jonuskis, ibid., at 137. 

357 Ressler and cour-palais, supra, note 7jat 715. 
1 

358 McKnight, supra, note 5 at 1. 
1'r 

, 359 Su, supra, note 196 at 109 and 114 and Mendell and 
X •• sler, supra, _ .note 109 at 4. This study examined the 
evolution of the space debris popUlation with two different 
future space activities in LEO. First, the yearly traffic 
input of new active payloads was increased by 2, 5, 10, 20 and 
50 per cent; second, in 1995, 10 large space st~ctures of 100 
metres in diameter were'pl~ced at either 500 km or 1,000 km. 



o 

( 

o 

, " 

111 

The size of active payloads is a principal factor in 

determining future collision hazards. 360 Therefore, the 

collision risk is lowest to communication and other unmanned 

satellites. Al th'ough collision!i between space debris and 

these active satellites were not 'Considered to be a s1g-
\ 

nificant problem as late as 1984, debris p:Tticles as small as 

1 mm travellinq between 7-10 ~/sec are now believed toopose a 

siqnificant danger to active satellites. 361 The probabi~ity 

that there will be at least one collision between an active 

satellite and space debris by 1995 in the most densely 

populated region of LEO (900-1,00o-km)-!S 63 per cent. 362 I~ 
~ 

has. also been stated that if the satellite population con-

tinues to grow at present rates, the probability of a col­

lision between an active satellite and space d~bris is a 

"virtual certainty".363 "---
fi'" 

This study does not account for space debris fraqment~ 
resulting from future space object breakups. If it had, the 
rate" of space debris flQx would hav~ been accelerated at a 
even faster pace; Su, id. 

360 Impact of Space Activiti~s, su~a, note 214, par 87. 
" 

r 

361 Johnson, supra, note 126 at 17 d and Fischer and 
Reynolds, supra, note 212 at 399. 

, \ 

362 Perek, sppra, note 278 at 11 and Sehnal, supra, note 
238 at 24. In 1981, it was estimated that one collision in 20 
years would oocur between -500 and l,ooe km and one collision 
in a few hundred "years at 1,200, and 1, 300~ km; Impact' of Spa ce 
Activitie" supra, note ~14, par 85. 

363 "Radioacti'tTe Space Debris Study Cites lfazards to 
: Satellites" , ÀVWJtfrSpTec$ (22 September 1986) 19 At, 20. This 
statement refers te a collision with radioactive .pace debris;. 
it is a~~umed, t~erefore, that a co~lision' with Any member of 
the space debris population i8 at least just as certain. 

o 

Il • 

... 

1 
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, ,/ For an BTS orbiter, there is a risk of collision between ~ 

the orbiter and either an object which the orbiter places in 

orbit or an o~ect which ~s- already in orbit. 364 In 1982, it 

was estimated ~the probability was a million to one t~at 
an orbiter on a four-day mission at about fto km altitude 

would collide with an-object larger than 1 ~tre.365 In 1984, 

it was concluded that a one-week orbiter mission would not be 't; 

threatened by spa ce debris. 366 In 1986, it was conservatively 
--., .,. 

,-/./- -' 
, estimated that by the-year 2006 an orbiter-sized object would 

experience more than 10'collisions annually with spa ce debris 
~ 

of 1 mm in diameter and ~oUld have a 33 per cent chance-per~,\ 

year of ~olliding with an abject 1 cm in. diameter. 367 , 

However, none of these studies predicted that an STS orbiter 

windshield would be damaged by a 0.2 mm particle , of space 

debris as early as 1983. 368 
\, 

~< 

It was concluded as early as 1983 that spa ce debris posed 

---a severe hazard to large space systems below 1,200 km. With a . 
364 S. Footer, "Legal Issues and Answers for Commercial 

Usera of the Spaë!e Shuttle" (1983), 13 Transportation IJ 87 at 
91. 

365 Schefter, supra, note 121 at 50; see also, Chobotov, 
supra, note 318 at 487-88. 

, 
366 Fischer and Reynolds', supra, note 212 at 399. 

367 SAB draft report, supra, note 3 at ,4. 

368 See, supra, telft accompanying notes 115-116. Based 
on up-to-date information on thè quan:tity of space debris, 
aupra, D/l(a), ahd imprO'ged modelling techniques," supra, 
,C/2 (c) and 0/1 (b), this collision event do es not seem so 
unrealistic today. 
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qrowth rate of- 5 per cent annually in large space objecta, 

co1lisions were calculated to begin by about 20001 a ,10 par 
\ 

1 

cent annual qrowth rate would result in a col1is~on by 1994. 

The debri$ fragments used in these calculations were con­

sidere.d to be larqe enough to cause extensive damage many 

times during \he operational lifetimes of these systems. 369 A 

space station is a typical large structure. Different 

estimates are. found for the probability of a collision between 

a space station and a tracked space debriEP obj ect. One study 

indicates that if MIR were placed in the highest density 

region at 900-1.,000 km, a collision would occur once in about 

2,000 years. Another study suggests that at least one 

collision in a 100-year perlOd is a certainty. Both studies 

Agree that higher probabilities are more realistic for a 

collision between a J space station and an untracked space 

debris object. 370 

In general, it ls estlmated that a space station with a 

cross-sectional area of 1 sq km orbi tinq at 500, km and an 

inclination of 28.5 deqrees will be hit by other orbiting 

obj ects at least once a year. 371 If the station is placed aot 

o 

369 Reynolds, supra, note 138 at 495 and Reynolds, supra, 
note 139 at 111. This calculation is a conserva t,ive estimate, 
based on the tracked space object population . 

. 370 Johnson, supra, note 11 at 18 and "station Likely to 
be Hit .by Debris", AvWk&SpTech (17 September 1984) 16. 

371 The planned orbit for USISS ia 500 km altitude and 
28.5 degreeS.i~ination . 
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1,000 km, the pr6bability increases to 20 times per year. 372 

Another set of calculationSf' shows that a structure of 100 ID in 

diameter will experience 1,000 collisions .annually with 1" mm 

particles and 25 collisions a year with 1 cm particles. 373 

Neither study indicates the type of damage resulting from 

these collisions. Since the exten't of damage will depend on 

" where the space debris strikes and the size of the impacting 

object,374 ..t.hese figures shou1d be sufficient cause for ,., 

concern to NASA: UpISS will have a 30-year l.jfe span. 375 

-other large structures will be similarly affected. 

Studies indicate that the Hubble Space Telescope will he 

struck by a 5 mm debris fragment during its lifetime and that 

there is alper cent chance that' it will he hit by a piece of 
'll 

rspace debris about 10 cm' in diarn·eter. 376 It has been stated 

that if there were 10 platforms in outer space, each 100 m 

across, one of them would collide with a space debris object 

every year. 377 

372 Nagatorno, supra, note 103, at 336-38. 

373 SAB draft report, supra, rote 3 at 4. 

374 See, suprar;- text accornpanying notes 207 and 100, 
respecti vely. 

375 After 30 years, USISS will he dissembled and salvaged 
sinee its technology will have beeome obsolete; Il-. DeSaussure, 
"The Impact of Manned Space stations on the Law of Outer 
Spaee" (1994), 21 San Diego LR 985 at 990. 

376 "Hubble Trouble?" (January 1987), Sky & Te1escope 3I. 
See a1so, supra, text accompanying notes ·109 and 167. 

377 Schefter, supra, note 121 at 51. 

• 
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Finally, humankind itself is not exempt trom the pos-

sibility of being r• struck by a space debris object" in LEO. 'l'he 

probability tha1t a rpiece of space debris will strike el man-
1; 

sized obj ect is low, in the ~rder of between 1 in 1000 and 1 ' 

in 10,000. Yet it should be remembered that an object as 
o . 

small as a paint .flake could puncture a space suit. Even if 

the probability of auch an occurrence is more th an a thousand­
\ 

",'to-one, these odds ~ill be small com~ort to the person wY10se 

spacesuit is punctured. 378 

~ -1 

(b) In G.eostationary Orbit (GEO) 
) 

GEO is a limited natural resource, requirinq CO-jrdina­

tion and planning to make' optimum use of its finite number of 

orbital positions. 379 Both the number of space objects in GEO 

and the probability of collisions between them are increa­

sing. 380 Althc;>ugh this probability has increased as much as 

two orders" of magnitude since 1980, the risk of collision ls 

not s~rious Y$t. 381 

In september 1987,' there were about 130 operational 

satellites in GEO,382 with its active payload population 

378 Temple, supra, note 101 at 4 and DeMeis, supra, note 
19 at 1l. 

379 UNISPACE 82 report, supra, note 249, par 277; see 
also, "1983 Physical Nature report, supra, "note ~41, par 17. 

380 éiosèr spacinq report, supra, note 188, par 43. 
\ 

1 381 Johnson, supra, note 11 
report, ibidi, par. 123. 

at 18 and Closer Spacinq 

382 see,.! supra, note 252. See also, supra, note 251 • 
tI 

.. 

. ' 

" . 
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increasinq at a rate of about 20 satellites per year. 383 ,The 
... 

maximum number of active payloads GEO can accommodate (orbital 

capacity) ls limited by 'the finite nature of GEO and the need 

ta prevent radio frequEmcy interference among satellites384 . r"" 
Il 

Aa a result, the spacing betw~en satellites is regulated. 

The primary criterion used to determine minimum spacing' 
i 

betwéen active satellites is the design of Earth-station 

antennae; the other is station-keeplng accuracy.385 While 

future technological advances make it impossible to fix' 

absolute limits on orbital capacity,386 current levels of 

atation-keeping technology provide satellite control to within 
, 

+/- 0.1 degree (75 km). with the present regulatory régime 
. 

requiring sate~lites to be kept within +/- 2 degrees (1,5.00 
, 

km) of nominal latit'ude anq within +/- 0.1 degrees of nominal 

longitude, some 1,800 satellites could be accommodated without 

" 383 M. Hechler,. "Collision Probabilities at Geosynchro-
nous Altitudes'" (1985), 5 Advances in Space Res 47 at 47~ 
This study reconsiders the estimates presented by J.C. Van der 
Ha and M. Hechler in "The Collision Probability of Geostation­
ary Satellites" (pre-print of paper IAF-81-332, prepared for 

'- presentation at 32nd Congress of the IAF, 1981), taking into 
account a larger amount of small space debris objects and 
thereby reflecting the actual situation. after a first col­
lision, and considers the collision risk between active 
payloads and longitudinally distributed'inactive payloads. It 
should be noted that Efficient Use of G;EO~ supra, note 241, 
~elies on the results of the 1981 study. 

384 See, supra, note 245. 
J-

, 385 Closer Spacing report, sup~a, note 188, pars 66 and 
78 and Efficient Use of GEO, supra, note 241, par 64. 

386 W. von I<ries, "Legal Status of GEO: Introductory 
o Report " (1975), 18 COlloquium Law of outer !;pace 31 at 32. 

~ - . 
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any risk of collision between active satellites, assum!ng 

equàl demand for all segments of the GEO band. However, 
-

certain sectors of the band are used more than others, wh!le 
, 

some satel~i~e systems need more spacè than others. 381 
, 1 if'"..( ~ 

With regard to the space debris population, it has bean , 

reported that -the number of debris objects in GEO ot 20 cm or 

more in diameter is at least 2S per cent and pOBsibly 50 per 

cent that of the track~d space object popuiation found in the 
i 

NORAD cataloqqe. 388 w~th these levels of activity, the number 
, v . 

of space obj ects D.in GEO is expected to increase by a factor ot 

between 4 and 16 by 1995. 389 

'Initially, studies evaluating risk probabilities referred 

to three types of collisions in GEO: collisions between two 

active payloads, collisions between an active payload and an 
".;;;. 

-
inactive payload and collisions between two inactive payloads. 

It was not until 1984 that the probability of collisions with 

fraqmentati~n debris in GEO were studied and then, only with a 

view to the future. 390 collisions with microparticulate 
r 

matter have not yet·been considered. Superficially, the lack 

of data on these two classes of space debris would seern té be 

the best· explanation for these investigative omissions. 

However, an equally reasonable answer may be tound in con-

387 Ibid., at 31-32 and Wiessner, supra, note 106 at 226. 

388 Taff, supra, note 266 at .342 and 344. 

389 Fischer and Reynolds, âupra, note 212 at 403. 

390 See, supra, text accompanyinq note 361. 
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.iderations arising from the issue of whether the possible 

.aturat.ion of the orbital capacity of GEO is a physical 

constraint on its use391 • The crux of this issue is the 

datinition of orbital saturation. 

GEO "would be saturated if ,it were impossible to place a 

new sat.ellite into it without unduly increasing the probabili­

t.y ot a collision batween two satellites". 39~ This definition 

app1ies only 

pay1oads. 393 
, 

to collisions between active and inactive 

By dec1ining to conside~he possibility of 
. 

dbl1isions between aétive payloads and al1 classes' of space 

debris 'but for inactive payloads, the r!s~ of orbital satura-
0. .~ 

tion is underestimated: If calculations had been made and had 

indicat.ed that sufficient operationa1 debris, fragmentation 

debris and microparticulate matter were present so as to pose 
'" .. 

391 Eg, it has been predicted that demand for satellite 
. 'telecommunication services in the Un-i ted states will saturate 

it.s available orbital and frequency capacity by the early to 
mid~1990s, even with the move to 2-degree orbital spacing; see 
"NASA Forecasts Satcom capacity Saturation", AvWk&SpTech (18 
April 1983) 139 and "Despite CiTE Spacenet View that Emptier 
Arc makes Tighter Interference Rules Premature, Many carriers, 
Broadcast Interests, Satellite Operators Support Proposed Rule 
Changes", Telecommunications Reports (15 June 1987) 13. 
Hqwever, the concern about orbital saturation may be short­
lived if software developed by NASA lives up t.o i ts claims of 
being able to double or quadruple orbital capacity in GEO; 
"NASA Software Big Hope at Satellite Meeting, OfficiaIs Say", 
Space Commerce Bulletin (5 June "1987) 5. \ 

392 1977 Physical Nature report, supra, note 219, par 21-
(emphasis added) -

393 Ibid., par 22. This report assumes that station­
keeping manoeuvres will pre-empt colli'sions be,tweEtn active 
payloads (see, infra, text accompanying notes 398-'1100) and 
that collisions bet~een inactive pa~hoads are tlirrelevant" 
(see, infra, text accompanying nO~ès 411-415). . 
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a risk of collision in a specifie orbital position, a deoision 
" 

not to use that position in order to avoid damage to or loss 

of a satellite would be a constreint on the use of GEO. 394 
1 

Therefore, the extremely narrow def:bnition of orbital satura-
1 

tiop has bia~ed studies toward considerations other than the 
\ 

possibility of collisions with those objects comprisinq the 

majority of the space debris population, thereby overlooking 

the possible danger they pose to active payloads. 

When this defini tion was formulated, orbital saturation 

was considered to be the least severe of five constraints, "as 

long as smaii satellites were Used" .395 The need to account 

for - space debris when addressin'il the question of orbital .. 
saturation was made clear in 1984, when it was noted that the (7 1 

t\ 
problem of space debris was particuiarly critical in GEO and . 
that there was a "real" possibility that GEO could "become 

physically saturated by active payloads and orbital debris" in 

the future. 396 However, a 1985 study for coPqos, while 

394 As weIl, accounting for the influence of collisions 
between ~ctive payloads and other classes of space debris 
could resul t in a similar constraint. 

395 1977 Physicai Nature-report, supra, note 219, par 21. 
Other constraints considered were saturation o-f the frequency 
spectrum for communications between a satellite and its ground 
station or between satellites; interrupti"On of' communications ' 
due to solar interference; eut-off of solar power, and lack of 
fuel for station-keeping; ibid., par 20. 

396 M.G. Wolfe 'et al., "Man-Made Space Debris )-- Implica­
tions for the Future" in Heath, supra,' note 17, 43 at 46-47. 
Despi te this warning, at least one recent analysis of the 
issue declines to include the effect. of the space debris 
populat.ion in its consideratio~s; see Smith; supra, note 248 
at 286-89 and 293. 

'" 

• 
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aCknowlec1ging that the risk of collisions .with spaee debris 
..... 

could constrain future use of GEO, chose not to stress this 

i •• ue since the risk did "not appear to direct1.y affect the 

issue Jt spacinq between sate~lites ( ;] but further studies may 

be requ red ".397 
's 

.. 
The possibility of collisions between two active com-

municati n satellites was ignored when collision probabilitles . ~ 

were firet considereç! in 197·7, sinee it was felt that these 

satellites could maintain their nominal positions through 

station-keepinq techniques. 398 By 1980, it was recognized 

that there was a risk that two satellites assigned to the'same 

nominal longitudinal position could cOllide, the most liberal 

assumptions suggesting that one collision would occur every 90 ' 

million years. 399 In 1984, this probabili ty was still 

axtremely low, wi th one collision predicted every 27,000 

yaars. 400 However, ~t is signlfieant that in four years, 

without accoünting for untrackable spa ce debris, the risk 
,.'''. 

~. 

397 Cl oser Spacing report, supra, note 188, par 490
r 

,with 
Bpace debris populations mu ch higher than previously expected, 
future studies will likely take \his potentially critical 
limitation into consideration. \ ' 

398 1977 Physi'cal Nature report, ",supra, note 219, par 21., 

. 399 Efficient Use of, GEO, supra, \ ~ote 241, par 35; see 
alBo, Van der Ha and Hechler, supra, no~e 383. If 10 satel­
lites were assisned to the same nominal làngitudinal position, 
it was estimated there would be a collision between t~o of ~ 
these satellites every 400,000 years. '" 

400 See Hechler, supra, 
note 278 at 12, and Cl oser 
par 44. 

'\ 

note 383 at 49-51; Perek, supra, 
Spacinq report, ~upra, note 188, 

1\ . 
\ . 

\ 
\ 

. \ 
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increased by a factor of a little more than 3,300. If the riak 

factor were to decrease by a simil~r amount in a aimilar time 

period, the probaJ:;>ility of a collision in 1988 would be one 

approximately every 8.2 years. 

The ~isk of collisions between active and inactive 

is
\ 

payloads growing slowly but' steadily and 

related to the "shooting qallery" syndrome401 • 

ia directly 

The expeoted 

time between two collisions in a s~mpl. of 100 active and 100 

inac'bive payloads of 50 m diameter ia between 400 and 700 

years. At the stable points in the GEO band, the collision 

risk is about twice as hiqh. 4~ Anotller study indicates that / 
. ( 

with a sample of 100 active and 54 inactive payloads, the 

probability of a collision with an active payload 5 matres in 

diameter (the size _ of a t~ical commun~cation' satellite in 

GEO) ia about one every 15,000 years, and with an active " 

payload 10 m in diameter,_about one every 11,000 years. 403 

The collision risk in GEO is expected to increase 

dra~aticallY if large spa ce structures ,re placed there. 404 

As early as 1977, it was estimated that\ the' probability ot 

401 See, supra, text accompanying notes 379-383; 386-389 
and 255-257.0' Bee a1so, Efficient Use ot GEO, supra, ,note 241, 
par '36 and Hechler, ibid., at 48. " 

402 Perek, supra, note 278 at 12-13 and Hechler, ibid., 
at 56 .. 

403 McCormick, supra, note 238 at 122. 

404 19~ Physica1 Nature report, supra, note 
Van der Ha and Hech1er, supra, note 383 at 21, 
supra, note 251 at 307 and 313 • 

" .. 

, 
219, par 261 
and Thomas," 

,_. 1 

'. 

\ 
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collision between a solar power satellite with an area of 100 

sq km and a member of a population of 100 inactive payloads 
t 

would be once every 5 yea~ on average. This risk is sig-

nificant.since the planned lifetime of a solar power satellite 

is 30 years. 405 Recent calculations forecast that the 

'probability of a Gollision between an acti~e payload 100,m in 

diameter and an inactive payload is 1 every 120 years; if the 

structure is 1,000 m in diameter, the probability drops to 1 

in 30 years. 406 

The effect o~ a large popula .. ion of small debris frag­

... ,.1/ ments on the risk of collision in GEO was f~rst considered in 
, ' 

1985. 407 The initial study concluded that small-debris 

populations will produce a "considerable hazard" for large 
? 

struotures su ch as antenna farms and solar power satel~ 

li'tes. 408 As a baseline measurement, a fragmentation debris .. 
1 

population of 0 yields a probability of Q.51 p~r cent that at 

least one collision will occur in 20 years. If there are 

_ " 1,000 debris fragments, the risk climbs to a «2.1 per cent 

chance of collision in 20 year's, and with 10,000 ,debris 

_f_r_a_9lIl_e_n_t_s_,_a __ 1_6 __ p_eJ,...-cent ~ce of collision in the Game . 

405 1977 Physical Nature report, ibid., par 25. 

406 McCormick, supra, note 238 at 122. 

407 Cl oser Spacing report, supra, note 188, pars 46-47 
and H.chler, supra, note 383 at 56-57. 

408 Hechler, ibid., at 56. 

i 
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period. 409 These resul ta indicate that the presence ot -a 'few 
.,. lb • 

large active payloads and a large population of sm"ll debris 

crossing the GEO band will prove to De "quite disastrous". 410 

Although the risk of collision between two inactive 

payloads was considered irrelevant in 197~, .~1 it waa reooCJ­

nized by 1980 that this type of collision was l!Ii9ni~j.oant 

since it could contribute to the untrac~able space debris 

population. 412 However, this ~isk was st~ll considered to be 

of "no direct. ~ interest" and "no importance" in 1984, but for 

its 'ontribution t~ the increase ift sma11 debris. 413 This 

conclusion ignores the fact that any increase in the total-
• 

space debris population not only increases the probability of 
-, 

collision, but could a1so precipitate the cascade effect. 414 

Again, recent indications of the true debris population in GEO 

*409 Id. These conclusions are ~ased on the assumptlon 
that 40, 80, 60 and 20 active payloads with. cross-sections of 
5, "20, 100 and 1,000 sq m, respectively, are exposed" to 140, 
40 and 20 space debris fragme~ts with 5, 10 and !100 sq m 
cross-sections, respectively, ~nd .to an additioJ)al debris 
cloud of 1,000 or 10,000 pieces bf 1 sq cm cross-se6tionr id. 

410 Ibid., at 57. 

411 1977 physical Nature report, supra, note 219, par 22. 

412 Van der Ha and Hechler, supra, note 383 at 3 and 
Efficient Use of GEO, supra, note 241 at 36. 

413 Ressler 1 supra, rfbte· 82 at 48 and Perek, .upra, note 
278 at 12._ 

414 Roth, supra, note 248 at 380. 

,. 



. . 

" 

" 

'. 
{,', . 

~:Ji-';'-;!r ':" 

,', , " ~. '" 
If r _ ,"'i 

1 
f· 124 

should inc::rease the importance of investigating this type of 

collision. 415 
\ 

(c) In Geosynchronous Transfer Orbit (GTO) 

The chance of a collision between a spent rocket stage in , 

GTO and an active payload in GEO has been ca1culated to be 

about two orders of magnitude less than the probabi1ity that 
~~~"'--

two active payloads in GEO will strike one another. Thus, if 

the number of spent roèkets stages is equal to the number of 

active pay10ads in GEO, the J?resence Of this operational 

debris will increase tne - probabili ty of c6llision by 1 per 

cent. 416 

'\ 

• 

, "" 
415 Sea" supra, text accompanying notes 381-383 and 388-389. 

416 "Fischer ,and Reynolds, supra, note 212 at 399. 
,- .. -

• 
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AI SPACE DEBRIS AND THE INTERNATIONAL LAW OF OUTER SPACE 

1. SPACE REFUSE A PROPOSED DEFINITION 

International sQace law treaties conta in neither a 

detinition nor a description of space debris. In Chapter One, 

space debris was divided into four classes: inactive payloads, 

• •• operational debris, fragmentation debris and,m1cropart1culate 

matter. However, opinion is div;ded as to whether the lega1 

scope of space debris includes aIl teçhnical categories. 

"Debris" is derived from the French "débriser" which 
; 

means to break down. In common English usage, "debris" means 
• 

• 
scattered f~agments, wreckage or drifted accumulation{l 

Therefore, strictly speaking, space debris includes only' 

fragmentation debris and micropartieulate matter. . While most 

legal write:ç-s acknowledge that operational- debris'S'falls within 

the scope of "debris"; there' is debate over whether inactive 

payloads, _ particularly inactive sate~lites, are so in·clùded . . 
f'loreover, the status of space litter 'is rarely discussed. ~ 

Several authors hold that inactive satellites are ,space - . 
debris. 2 It has also bee1;l., suggested. that international , 

1 The c~ncise O~f~d Dictionary) (Ox~ Clarendon Press, 
1982) • 

2 See, eg, 1. Diederiks-Verschoor', "Legal Aspects of 
Environmental Protection in Outer Space Regarding Debris". 
Paper prepared for- presentation at 30th Congress of the IISL, 
Brigb,ton, 10-17 October J.987 , at 4; R.C. Hall, "Comments on 
Salvlège and Removal ~ of Man-Made abjects From Outer Space" 
(1966), 9 Colloquium Law of outer Space 117 at 119; C. Q. 
Christol, The Modern International. Law of outer Space (NY: 
pergamon Press, 1982) 130; E.R.C. van Bogaert, Aspects of 
Space Law (Netherlands: Kluwer, 1.980) 46 and 66; S. Gorove, 
~Pollution and Outer Space: A Legal Analysis and Appraisal" 

" 

\ 
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organizations have adopted, this detinition. 3 On the facts, it 

is reasonable to conceptualize inactive satellites as spa ce 
- . 

debris, since ~heir uncontrolled traject.ories already pose a 

haza'rd to active satellites and will increase- the probability 

of risk events occurring in the fut~ when larqer spa-ce 

strqçtures are in orbite 

other writers exclude inactive satellites trom the debris 

classification. 4 Arguments supporting t.his position are two­

fold:' (i) inactive sate;J.lites, partioularly in GEO, are a .form 
. 

of use whic~ is regUlated by the 1'rU5 and (ii) inactive 

satellites are not a fom of' debris contamination, sinee 

(;1.972), 5 NYU J :Int~l L , Politics 53 At. 56~ D. Wadeqaonkar, 
The Orbit of Space Law (London: stevens & Sons, 1984) 551 W.B. 
Wirin, "The Sky is Falling,[:] Managinq Spaoe objects" (1984), 
27 Col.loquium Law of Outer Space 146 at 152, and F .1<. _ 
Schwetje, "Space Law: Considerations for Spaoe Planners" 
(1987), 12 Rutgers comp~ter , Technol LJ 245 at 274 and 279. 

3 1. H. Ph. .PDiederiks-Verschoor, "Harm Producinçt Events 
Caused by Fragments of Space Objects (Debris)" (1982), 25 
Colloquium Law of Outer Spaca 1 at 2 and Diederiks-Varsohoor, 
supra, note 2 at 5. 

,~' 4 ~'~e, ag, perek, cited in Diederi~s-Verschoor, supra, 
note 3 at 1.: Fineh ill "Summary of Discussions" (1982), !,'25 
Colloquium Law of outer Space 67 at- 67, and R. H. Campbell .{n 
Staff of Senate Comm. on Aeronautical and Space Science., 92d 
cong., 2d Sess. 1 Report on the Convention on International 
~ability for Damage caused by Space Objects[:) Analysis and 
Background Data (Comm. print 1972) 72. 

" 
5 R. Müller, "The Scope of Validity and Effectiveness ot ' -

Environment-Related Norms in Outer Space Law". Paper prepared 
for presentation at 30th Congress of the Ils L, Brighton, 10-17 
oatober 1987, at 12-13. 
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contamination is the introduction of for.eiqn substances into 

the .pace environment with an intent to cause harm6 • 

These contentions are not J supported by the facts. 'l'he .. 
• u9ge.tio~ that inactive satellites are a leqitimate use of . 

GEO would be, acceptable only if "use" includes "roisuse". 

Inactive 'sateilites only serve to increase the risk of 

collision in GEO and ar~refore àn impediment to its use. 

Moreover, mostl:. ITU re lations apply to space stations 

(transponders) on board satellites, not satellites themselves. 

_ Those provisions which do apply to satellites are generally 

limtted·to technical practices for station-keeping,7 practices 

which apply- only to active satellitesl sillce ,inactive satel-
, 

lites are incapable of manoeuvring. 

The argument that 'inactive satellites do not constitute 

cont.mination and therefore are not debris, is supported by a 

tive-part rat.ionale: (1) "the number of items in outer space 

ia net potentially dangerous at the moment": (2) "technologi-

cal progress will help solve th.e' problem of removing n6n-

QPerative satellites from orbit"; (3) development of interna­

tional co-operation will help solve the debris problemi· (4) 

6 Y.M. Kolossov, "Legal Aspects of Outer Spa ce Environ­
mental Protection" (1980), 23 Colloquium Law of Outer Space 
103 at 103. 

7 E9, procedures were established at the 1977 WARC-BS for 
minimum spacing between active satellites using planned 
trequency bands; see - Final Acts: World Administrat~ve Con­
férence for the Planning of Broadcast-Satellite Service 
(Geneva: lTU'f1977)~ Se_e also, supra, Chapter One: Cj1(d), 
note 247. 

." 
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"special/means" for protecting satellit~s from collidinq with 

~ large items "may be created", and" (5) meteoroid collision 

bumpers provide adequate "protect~on' from collisions - with 
1 

small particles".8 

This reasoning, put forward in 1980, is seriously 

outdated today: (1) orbital debris poses serioue ri.ka to the 

space environment and has already prompted debris ;reduotion 
. 

measures; (2) ,to 'date, no evidence of technioally and eoonomi-

cally feasible removal mechanisms have been devaloped, (3) no 

international co-operative m~asures to resolve' the debris 
~ 

problem exist as yét; (4) 'the techn,ical li terature supplies no 

information reqardinq these speoial mean's; 9 and (.5) meteoroid 
1 

\ bumpers cannot adequately prote~t space lObjects ~rom the 
. " 

quanti ty and size of debris partieles now present in outer 

space. 

The serlousness of the debris problem, the possible 
, 

confusion over the literal mea~inq of "debris" and the ne ad to 

define the scope of debris suqqest the need for a lega1 term 

of art. Such a' term wou1d provide a starting point for 

discussinq the 1egal issues arisinq from the space dabris 

problem. The fOllowing definition is proposed and will be 

~ Kolossov, supra, note 6 at 105. 

~~-~---- - - - - -9 Al though the recent discovery of Soviet qround-based 

• 
lasers capable of damaqing satellites could have be.m the 
"special means" to which the author alluded, this solution 
would ereate more debris of 'a signit'ican~ly more problematie 
nature than it would eliminate; see "Soviet Strategie Laser 
sites Imaged by French spot Satellite", AVWk'Sp'l'ech (26 
October 1987) 26. 
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used as a term of art throughout the remainder of this thesis. 

"Space refuse" refers to thQse man-made objects in outer 
. 

to be valueless, as evid~nced by an absence of 

operational control. This definition has severai advantages. 
. 

First, it inciudes~the four classes of technical space-debris, 
.. 

thereby providing a consistency in approach. . .. Second, it 

provldes a value-laden orientation to the placement by man of 

objects in space, thereby impIylng thl\t the worth of these 

objects ls fuIIy dependent on the aètions of Statea. 10 Third, 

it is the least emotive term for describing these uncontrolled 

objects, merel,.y referring, to the presence of foreign objects 
J 

, \ 

in the-outer space environment. 11 Fourth and most importantly, 

the ldea of ,control over a space object as a means of ensuring 
( 

that 1 t does' not become refuse has not only been advocated 

aince the beginning of the spa ce age, 12 but has also been 

10 The attribution c;>f value to those "objeqts designated 
as refuse ié inherent in the ordinary language definition of 
the terme "Refuse" is defined as "that which is cast aside as 
worthless" (The Oxford Dictionary, 1933, unamended by the 1982 
Supplement), "that whictl is refused or thrown away as worth­
lass or useless" (Webster' s Hew Twentieth Century Dictionary 
of the English Language - Unabridged, 2d ed., 1975) and "that 
which is refused or rejected as useless or worthless" (Black' s 
Law Dictionary, 5th ed., 1979). Q 

11 "Junk" , "rubbish"; "garbage", "waste" and "litter" 
have emotional overtones and could imply a moral condemnation. 

, , "Refuse If merely denotes those things which have been disc.arded 
because they are perceived as having no value. 

12 In 1958, it was proposed that "any object sent into 
apace must be under the control of the sender so that on 
completing its orbital life the responsible party may guide 
the object back to an area safe for mankind.... No object 
ahould be placed in any orbit in outer space which c~nnot be 
guided back to earth or destroyed by ,some other means • ' ...... ; 

, 
" 

(' 
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traditionally put forward as Il rneans tor detininq inactive 
-"\ 

satellites13 • As weIl, the ~ontrol test provides an essential 

connecti~n between the problern and any propo~ed remedy. 
., 

2. DO Il SPACE OBJECTS" INCLUDE SPACE, REFUSE? 

(There may he no naed for an explie! 

refuse" , if that term ia found 'to be 

existing space law treaty derinition. 

qt ".paoe 

under an. 

The 10q1cal and 

reason~le concepts ,for this purpose would be either 

"contamination", found in Article IX of the Outer Spa ce 

Treaty,f4 or "space abject". "Contamination" May be 

(' 
A.G. Haley, "Space Age Presents Immediate Legal Problems" 
(1958), 1 Colloquium Law of Outer Space 5\at 6. See also, A.G. 
Haley, Space Law and Government (NY: Appleton century-crofts, 
1963) 11. t \ 

In 1966, it was 'stated that the active lifetime of a 
satellite was 6 that period during which "effective physical 
control is exercised over the vehicle" and included "perimds 
of time i~ which a spacecraft receives and responds to 
commands ... [, '] returns usable information to ground receiving 
stations" as weIl as "periods of planned deacti vat ion and lt 
subsequent reactivation.... After .this active lifespan is 
terminated (by ground command, technical malfunction, or by 
thell. breakup of the .;;:raft), a space vehicle is in a permanently 
inactive state, tliat is, its transmitters are shut down, and· 
all equipment ceases to function. . At thls time the~e ia no 
possiblli ty of reacti vating the craft· s equipment, effective 
physical control ceases, and the vehicle la dead and becomes, 
for aIl intents and purposeS, a large piece of debris"; Hall, 
supra, note 2 at 118-19 and n.12. 

13 See Diederiks-Verschoor, supra, note 3 at 2 and note 2 
at 5. See a1so, infra, B/3(c) and (d). 

14 Treaty on Principles Governing the Activities of 
states in the Exploration and Use of Outer Space, Including 
the Moon and ether Celest1al Bodies, UNGA Res. 2222 (XXI) 19 
December 1966; 610 UNTS 205, 1967 CanTS 19, 18 VaT 2410, TIAS 
6347 (opened for signature 27 January 1967; entered into force 
10 october 1967). / ' 
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eliminated, since it refers only to a l.imited class of . 

fragmentation debris. 15 However, it is unclear tram the legal 

documents, related writings and the one relevant fact 

situation whether "space objectif, includes space refuse. 

(a) "Space object" in International Law 

Prior to the Liability Convention16 , space objects 6 had 

once been termed "artificial "earth satellites and space 

rockets" , when referring to their launching .17 When the 

question arose regarding the registration of objects launched 

into space, states were ca~led on to furnish information when 

ttlaunching objects ittto orbit or beyond" .18 In the Legal 

Declaration,19 a spa ce object was referred to as "an object 

la~n hed in~o. outer space!', for purposes of. jurisdict:on ~nd ~\ 
'co trol (paragraph 7): as "objects launched into outer spa0 

an • •. their component parts", for purposes of ownership 

15 See, infra, text accompanying notes 410-415. 

16 Convention on International Liability for Damage 
Caused by Space Objects, UNGA Res. 2777 (XXVI) 29 November 
1971: 1975 CanTS 7, 24 UST 2389, TIAS ,,1"162 (opened for 
signature 29 March 1974., entered into force /9 ,lpctober 1973). 

: J ( 
17 Int,ernational Co-operation in the' feaceful. Uses of 

Outer Space, UNGA Res. 1472 (XIV) 12 December 1959, B, 
Preamble, par 1. 

18 International Co-operation in the Peace'fu1 Uses of 
outer Spa ce , UNGA Res. 1721 (XVI.) 20 December 1961, B, pa.r 1. 
See also, International. Co-operation in the Peaceful Uses of 
Outer Space, UNGA Res. 1963 (XVIII) 13 December 1963, II, par 
3. 

19 _ Declaration of Legal. Principles Governing the Ac­
tivitiei of states in the ,Exploration and Use of OUter Space, 
UNGA,Res. 1962 (XVIII) 13 December 1963. 
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(Par:agraph 1); as "or>jects and component parts", for purposes 

of return to the State of regiatry (paragraph 1), and as 

l'object or its component parts", ·for purposes of liability 
~ 

(paragraph 8). 

The outer Space Treat~O adopted the termlnology of the 

- Legal Declaration" namely "object launched lnto outer space" 

when referring ta registration and jurisdictian and control , 

(Article VIII), and object or its component parts for ques-
1 

tions of ownership (Article VIII) and l~ability (Article VII). 

In addition, states were invited to "observe 'the flight of 

space objects launched" by othtr states (Article X). 

In the Return and Rescue 1 Agreement, 21 the importance of 

the "return of objects launched into outer space" was noted 

(Preamble, par 1), while ,notice, recovery, return and expenses 

incurred applied to "a space abject or its component parts" 

(Article 5) • 
Q 

The Liability Convention provided the first legal 

description of space object, while avoiding any definition of 

the sarne. "space abject" includes a space abject, the launch 

vehicle and the component parts of bath (Article I(d».22 The 
-. 

20 Supra, note 14. 

21 Agreement on the Rescue of Astronauts, the Return of 
Astronauts and the Return of Obj ects Launched into outer 
Space, UNGA Res. 2345 (XXII) 19 December 1967; 672 UNTS 119, 
1915 CanTS 6, 19 UST 7510, TIAS 6599 (opened for signature 22 
April 1968, entered into force 3 December 1968). 

22 Article I(d) of the Liability Convention, supra, note 
16, states: 

For the purposes of thls Convention •• _ 

.. 
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Reqistration convention23 adopted this description in its 

Article I(b), thereby expanding the scope of the term as used 

in Article VIII of the Outer Space Treaty.- To date, space 
~ 

object has not been defined. 24 

Therefore, at international law, for purposes of liabili­

ty, registration, return of ob)ects and ownership, "space 

object" includes its component parts as weIl as the launch 

vehicle and its component parts. For questions of jurisdic­

tion and control, an issue which has not been developed in any 

space law convention since the entry into force of Article 

VIII of the Outer Space Treaty, "space object" is "an object' 

launched into outer space". 

(b) Scope of "space object" 
o 
During the Liability Convention debates, it was stated 

that "space object" had a "reasonably understood and accepted 
'1' 

, 
(d) The term "space object" includes component parts of 
a space object as weIl as its launch vehicle and parts 
thereof. 

23 Convention on Reqistration of Objects Launched into 
Outer Space, UNGA Res. 3235 (XXIX) 29 November 1971; 1976 
CanTS 36, 28 UST 695, TIAS 7762 (opened for signature 14 
January 1975, entered into force 15 September 1976). 

24 US national law substitutes "space vehicle" for "space 
object" and defines the former as "an object intended for 
launch, launched or assembled in outer space, includlng the 
space shuttle and other components of a space transportation 
system, together with r;lated equipment, devices, components 
and parts": s. 308 (f) (l') of the National Aeronautics and Space 
Administration Authorization Act, 1980, Pub L 96-48, 93 Stat 
349 (1979). .~ 

\ 
\ 
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meaning".25 However, negotiators were not only unab1e to 

draft a definition for space object, but could not Agree on a 

description fo~ the terme Moreover, the question of whether .. 
space refuse is included in "space object". was' never specifi- <J 

callyaddressed. The space object debate and, the commentaries 

based on it were concerned primarily with which inatrumen­

talities should be considered "space objects·t , not with the 

effects of these instrumentalities. following their active 

lifetimes. 

During the space object' debate, it was felt that any 

definition of space object should· encompass "aIl abjects 
, 

likely to give rise to liability", 26 sinee the final defini­

tion would determine to some extent the appl ication of the 

convention27 . It was argued that "space object" ahould 

include, at the minimum, the object itaelf and its component 

parts, as weIl as the means of delivery and its compone nt 

parts. 28 In addition, one delegation stated that n[w]hat had 

been generally~in mind" as an appropriate definition would 

-also include articles on board the space object and articles 

~--------------------

25 UN GAOR, COPUOS, Seventh Session of the Legal Sub­
Committee, A/AC.105jC.2/SR.102-110 (19 Aug~st 1968) Australia 

1 at 60. Summary Records of the One Hundred and Sixth Meeting at 
55-61 conta in the debate on the definition of space object and 
are refeFred to hereaftér as "Space -€>bject debate". 

26 Id. 

27 Ibid~, Austria at 60. 

28 Ibid., united Kingdom at 56, Czechoslovakia 
Belgium at 57, Canada at 59, India at 59 and Australia 

~ 

at 57, / 
at 61. \ 
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cSetached, thrown 07' ,launched from the' space object, whether 

intantional or unintentional. 29 While other delegations 

agreed with this generalization and formulated draft defini­

tions in accordance with' it,36 the final result reflects the 

narrower inter'pretation and avoids Any reference to obj ects 

detached, launched or thrown, whether inte~tionally or 

unintentiona-lly. 

It is unclear which classes of space refuse are included 

implicitly in "space objectIf, even thouqh several authors have 

assumed ~~hat "space object" encompasses ~efuse, 31 a 

29 Ibid., France at 60; see also, Italy at 56-58 and 
Canada at 59. 

30 Italy propoted a defini tion of spa ce obj ect which 
would have included "not only the launching device and the 
capsule, but also their component parts which become detached 
or are torn off during transit, and objects which have fallen 
or are launched from space objects", arguing that "it is 
necessary to assimilate to the space object its component 

- parts and objects on board which detach themselves or are 
jettisoned in transit; this is for purposes of liability in 
the avent that they cause damages"; UN GAOR, COPUOS, Report of 
the Legal Sub-Committee on the Work of Its Ninth Session (a 
June - 3 JU1y 1970), A/AC.105/a5 (3 July 1970) Annex l at 13. 
Argentina, Belgium, France and Mexico agreed with this 
definition. Together they suqqested that "space object" 
include the space object itself, Any person on board the space 
object, and "any component part of a space object, parts on 
board, detached or torn from the space object, or the launch 
vehicle or parts thereof"; ibid., Annex l at 16. 

31 H. DeSaussure, "The Impact of Manned Space stations on 
the Law of Outer Space" (1984), 21 San Diego LR 985 at 995 and 
M.J. Corrlgan, "The Collision Hazard in Outer Space and the 
Legal System" in Spa~: Leqal and Commercial Issues (London: 
-Int'l Bar Assoc, 1986) 35 at 51. 

Q 

If 
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point .of view supported by the united States32 • Bince every 

obj ect launched into space, whether or not intended tor orbi t, 

has the potential ta neéome space refuse at some time, i t ia 

important to know exactly which of these man-made articles is 

included in the Article I(d) description. 

Active communication satellites and. spacecraft auch as 

STS . orbi ters and space stations are consideréd to he apace 

~bjects, 33 while certain types pf active apace instrumen-

talities are often excluded. De~ate exista over whether 

"space objects" must originate on Earth;34 whether sounding 

_ 32 The statement that "all damage in connection wi th a 
space enterprise should be covered" by the Liability Conven­
tion implies support for the inclusion of all spac~ refuse: 
Space object debate, supra, note 25, US at 56. The speaker 
made this point more specifically when he stated that the 
"fundamental purpose tl of the US delegation during Liahili ty 
Convention negotiations was to provide compensation for US 
citizens "injured as a resul t ot. the re-entry of fragments of 
a foreign man-made space payload or launch vehicle"; H. Reis, 
"Some Reflections on the Liability Convention for Outer Space" 
(1978), 6 J Space L 126 at 127. (emphasis added) ..1 

33 See G.P. Sloup, liA Guide for Spa ce Lawyers to Under­
standing the NASA Space Shuttle and the ESA Spacelab" (1977), 
26 Zeitschrift für Luft und Wel trawnrecht 197 at 199 and 
DeSaussure, supra, note 33 at 995, respectively. Skylab, 
however, would' be ponsidered a component part; see Sloup, 
ibid., at 206. 

34 Gorove states that origination on Earth "seems 
necessary if the definition [of space object] is to be in line 
with the space treaties currently in force", citinq Ârticle 5, 
par 1 of the Return and Rescue Agreement, supra, note 21. He 
argues' that sinee this provision refers to a space objiact' s 
return to Earth, the object must have been on Earth before it 
could return; S. flOrove, "Cosmos 954: Issues of Law and 
Policy" (1978), 6 J Space L 137 at 141, n.21. This reasoning 
is inconsistent with sec. 308(f)(1) of the NASA Authorization 
Act, 1980, supra, note 24, which states.that 'space vehicle' 
"means an object ••. assembled in outer space". It would be 
difficult ta argue that Ispace vehicle l is excluded ~rom the 
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" rockets are "~pace, objects", since they' do not achiev~ 

orbit,35 and whet,her spacecraft which become fi'xed on the 
. 

surtace of the Moon or other celestial bodies are "space 
" 

objectstl36 • 

'l'he status of inactive satellite' and spacecraft is 

uncertain, since Article I(d) gives no indication as to 

whether use is a criterion. It has been suqgested tha t 

inactive space objects would not be included, ,since space 

objects m\lst be "designed for use in outer space". 37 

If ~ functional approach is takén, aIl space instrumen-

datinition of space object. 
,.-

'3'5 A memorandum t:Jubmitted to the US D_~partment of state 
during hearings on the Liability convention stated that 'the 
test for spaee obj ect " la not only whether the obj eet goes 
into orbit or beyond, but ~lso whether any object that is 
launohed by rocket propulsion ia intended to go into orbit or 
beyond"; .Senate Comm. on Foreign Relations, Convention on ~ 
International Liability for Damage Caused by Space Objects, S. 
Exec. Rep. 38, 92d Cong., 2d Sess. (1972) 9, cited in C.Q. 
Christol, "International Liability for D,amage Caused by Space 
Objeots" (1980), Am J,Intll L 346 at 349. See also, US Senate 
Report on Liabillty Convention, supra, note 4 at 25 and 
Christol, supra, note 2 at 108. Such an interpretation would 
exclude sounding rockets. For a contrary opinion~ see N.M. 
Matte, Aerospace Law: From Scientific Exploration to Commer­
cial utilization (Toronto: Carswell, J977) 156 and Space 
objeot debate, supra, note 25: 'US at 56, Belgium at 57 and 
Fran<fe at. 60. For a definition of space object which would 
incl ude sounding rockets, see W. F. Foster, "The Convention on 
International Liability for Damage Caused by Spa ce Objects" 
(1972), 10 Cndn Yrbk Intll L 137 at 145 and n.32. 

36 Se~ Foster, ibid. < at 147 and Matte, supra, note 35 at 
156-57. 

37 Gorove, supra, note 34 at 141. (emphasis added) 

~'i'~~·f," ,~ , \ ~ 
1111lI1i~'IiÎI;.~t.'''' ,!'iifj' ' ___ .. ' .. "'illllt ~IIÎ' '.: .',,.1;.',-,.' ..,' ' .. -~ .. - ' .. 'r .> ' .. ;" .. ' ." ...... _"""'-___ ..;;'~'_ ........ ....:..;... __ _'_'__~__"_. "",,",. ~:~.1. : '" \- '1 



• 

J 

~ 

" -~ 

• 

o 

.. 
139 

talities in their operational state are "spac. objecta". 38 . 1 

The definition of operational- state ls derived t Ar~)1 

yII (b) of the Liab~lity Convention39 and extènda "trom the 

time of [the space object's] launching or attempted launchlng 

· 't)r at any stage thereafter until its descant,,40. Tharetore, 
-

"space objects" would includé aIl epace _ re;u ••• Whll. this 

definition would solve many problema, it ia not entirely o . 

. "convincing. Not only does it clash with the ordinary language 

meaninq 'of "operational etate", but it'also talle prey to the 

argument that the Article yII (b) definition ia limited t~ 

specific-c1rcumstances where damaqe occurs ta nationals of the 

launchinq State and fo~ei9n natio~als participating iri launch 

activities. 41 

(c) Scope of "component parts" 
.z; • 

If the classes of· spllce- refuse other than inactive 

satellites are to be considered "space objeots", they must 
-'" . 

fa!l ùnder the term "component parts". However, what exactly 

constitutes "component parts" ls not settled. wbilEt the space 

object debate indicates a desire by some states to develop a . . 

J 

38 B: Cheng, "Convention on International Liability for-) 
- Damage Caused by Space Objects" in N. Jasentuliyana and R'wS.K. 

Lee Ceds.), Manual on Space Law: Volume 1 (Dobbs Ferry, .NY: 
Oceana Publications, 1979) 83 at lL7. . , 

39 For a statement of Article VXI(b), .u, infra, text 
accompanying note 228. I_-\.. 

40 Cheng, supra, note 38 st 117. 

41 
,( 

Supra, note 39'. 
1 

.. - ,. 
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broader d\tinition of component parts as objects intentionally 

{> 

or unintentionally deteched, thrown or launched from a 

apacecraft, the deci_ion to omit Any mention of these criteria 

:trom the treaty description weakens the "strength of the 

argument that the debate "constituted some evidence of what 

wes lIleent by, the_ terms actçuallY used in the Convention"42 . 

It was suggested during the space object debate that "all 

objects which were likely to give rise to liability" be, 

incluc1led.43 However, it is unclear whether "component parts" 

retèrs to articles carried by the spa ce object not specifical·-

ly designed to move in space. 44 For example, persons and 
\ 

property on board a space ,object are excluded in one analy-

sis,45 but included in another46 • One author states that "all , . 
alaments normally !ega~ded as ~akin9 up thè space object .•. , 

(that ls] Any object without which the spacecraft would be 

regarded as incomplete [ ,] may be taken to consti tute t ;;;, 

component;: part". 47 , Another excludes Any objects in or 

attached to a space object which 'do not "facilitate the 
L 

42 Christol, supra, note 2 et 84. 

43 Space object debate, supra, note 25, Australia at 60. 
S •• also, ibid., US ~ 56: flAll damage in connection with 'a 

n - .pace enterprise should be covered". \ 

44 L.P. Wilkins, "Substantive Bases for Recovery for\ 
'Injuries SU$tained by private Individuals as a Result Ofl 
Fallen'Space Objects" (1978), 6 J Space L 161 at 162. \ ~ 

45 Foster, supra, note 35 at 158-59. \ 
\ 
\ 

46 

a5:-4. 
Christol, supra, note 35 at 357. \ 

\ 

" ~7 Diederiks-Verschoor, 
I-

supra, note 2 
\ 

I 
\' 

1 
\ 

\ 
\ 
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objectives of the launch" or would not be ~'conducive ta the , 

successful operation of the space object,,48. 

From the Article '-t (d) Aiefinition, it is clear that all 

operatianal debris except litter :fit' considered to be "com-

ponent parts~l. However, recourse to the preeeding comments 
• 

l belies this conclusion. r - The case for certain types ot , 

fragmentation debris and ~roparticulate matter" ia even mere 

problematic. At best the matter is uncértain. Even it the 

broader interpretation ls applied, only certain fragmentation 

debris (objects' uninten:tionally detached) and so. micropar­

ticulat~ matter (objects unintentionally detached) 49 qualify. 
) 

Fragmentation debris r~sulting trom satellite, breakups 

caused by explosions and collisions deserves special con-

1 sideration, since this class of space refuse now presents the 

greatest risk to, spa ce objects and space activities in 

general-. However, this hazard was not mentioned ei ther in the 

space obj ect debate or in the dratt d.tin! tions tor .pace· r- l ""\ _ '\ • 

object, nor does it fall under the broader interpretation. If 

a fragmentation event should occur, i t ia unclear whethar the 
\ ~ 

resultinq refuse will he presumed' to be a .pace aJ:)ject, 50/ 

either as the space abject itaelt or as a compon.nt part 

48 Christol, supra, note 35 -at 357 and note 2 at 109, 
respecti vely • 

49 paint flakes could .be considerad hera. It wO\llc1 he 
difficult to include solid rocket motor axhaust .particl •• or 
the other forma of microparticulate refuse. 

50 Wilkins, supra, note 44 at 162 • 
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thareof. Until impact, the space object itself is not ·space 

retuse, since it' can be controlled. When the obj ect breaks 
/ 

up, there is no doubt that its Ç·pieces are space refuse. 51 . .. 
However, it cannot he concluded with certainty that these 

piaces are still space'objects within the scope of the Article 

l (d) description. 52 Also, it is unclear whether comp~nent 

parts ~nciude fragm~nts of the spa ce object itself. 

(d) The Kosmas 954 Incident 

The issue of whether space refuse is subsumed under 

".pace objects" may a1so be examin~d in 1ight of the Kosmas 

954 incident, "the first instance in the history of space 

exploration where a clai.m - was made by one sovereign state 

against another on account of damage cause'd by a falling space . 
object"53 • The fa ct that the USSR paid partial compensation 

,-. 

Canada estab1ishes the precedentia1 nature of the incident 

in é development of space law. 54 

On 4 January 1978, Kosmos 954, a 4. 5-tonne Soviet ocean 

surveillance satel1-ite, containing a nuclear power source 
.t"!f 

fualled by about 50 kg of u~anium, burned up in the atmosphere ----, . \. 1 
' 51 Diedtriks-verschoor, supra, note 2 at 5. 

52 See, eg, Summary, supra, note 4 at 67, where Oko1ie 
states that "when a space object disintegrates, it is no. 
longer a spa ce object, but debris". 

53 B. schwart;z and M.L. Berlin, flAfter the Fall: An 
Analysis ,of canadlan Legal Claims for Damage Caused by Cosmos'· 
954 t' (1982), 27 McGi]'1 LJ 676 at 677. 

54 Id. 

.#! .':" 
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and disintegrated in the Great Slave Lake reqion of north.rn 

Canada. 55 The refuse was found in areas ot the Northwest 

Territories and the provinces of Alberta and Saskatchewan1 all 

but two pieces were radioactive,,, some ot them lethally so.56 

The researE?h, recovery and clean-up operat!().n ended on 15-

October 1978, costing the Government of Canada some $14 

million. 57 

On __ 23- January 1979, Canada filed a cla!m aga!n.;" the 

SO"iet union for more than $6 million (Canadian) for the 

damage caused by Kosmos 954. 58 Canada based its claim jointly 
" ana severally on, inter alla, the, Liabllity Convention. 59 A 

1 

settlement was reached on 2 April 1981, with the \soviet Union 

agreeing to pay Canada $3 ~ milli,on (Canadian) " in full and .,. 
final settlement of all matters connected with the disintegra-

tion" of Kosmos 954. 60 

55 P.G. Dembling, "Cosmos 954 and 1 the Space Treaties" 
(1978), 6 J Space L 129 at 129. Cause ~f the unplanned and 
uncontrolled re-entry ls uncertain 1 see, supra, Chapter One: 
B, text accomp'anying notes' 123-124. _ ~ -

~ , 
_--- Il 

56 "Canada: C1aim Against _the-- -unrOn of Soviet Social!at 
Republ~~p for Damage caused-by Cosmos 954" _ (1979), 18 Int'l 
Leg Ha"terials 899 at_ 904: 

57 J. Reiskind, "Towards A Responsible Use" of .... Nuclear 
Power in Outer Space -- The Canadian Initiative in the United 
Nations" (1981), 6 Annals Air" Space L 461 at 463. -

58 Kosmos 954 Legal Claim, supra, note 56 at 899. 

59/ Ibid., at 905. J 
60 "Canada-Union of Sovet Socia11st Republics: Protocol 

on Settlement of Canada' s aim for Damage Caused by 'Cosmos 
954'" (1981),20 :Intll LegMaterials 689 at 689. -

, . 
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It ia clear that Kosmos 954, its nuc1ear reactor anp 
\1 

cOJl\ponent parts are "space objects" as defined by Article l (dr 

ot the Liabili ty Convention. 61. Therefore, by 1aunching the 

claim against the USS~ for damage caused by the space refuse 
1 

of Rasmos 954, it oan be argued that the practice of states 

recognizes that "space objects" incl.udes space refuse. 

However, since the Soviet Union never official1y admi tted 

liability62 and since the settlement procedures of the . 
Lfability Convention63 were never invoked, the Convention'was 

never applied ~o the issue at hand. Th~efore, any interpreta-
-

tion deriveq therefrom i~ without 1e9a1 force. Even if the 

Convention did apply, any space refuse which May be inc1uded 

under "space object" - could be distinguished and limited to 

hazardous materia1s. 

The Return and Rescue 'Aqreement64 May also provide some 

support for the argument that Kosmos 954 refuse constitutes a 

space obj ect or portion thereof. Article 5 par 1 of the 

Agreement obliges a contracting Party to notify the launching 

authority and the Secretary-Gener~l of the united.Nations when 

it discovers that a space object or its component parts have 

61 Cheng, supra, note 38 at 141.. 

62 A.J. Young, "Legal and Techno-politica1 Implications 
of the Use of Nuc1ear P~wer ,Sources in Outer Space" (1.987), 1.2 
Rutgers Computer & Techno1 I.J 305 at 331. .. 

63 Articles IX-XX of the Liabllity, Convention, supra, 
note 1.6, provide a~o-part procedure for' claiminq compen~a-. 
tion. See, infra, text accompanyinq note 204. 

·6-'4 Supra, note 21. 

( 
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come down in its territory. In the case ot Kosmos 954, the 

Government of canada so informed the Government ot the Soviet 

Union. 65 The US SR acknowledged the notice. However, in the 

view of the Canadian government, the Soviet Union did not 

respond wi th this acknowledgement in a timely manner. As a 

result, ~he provisions of Article 5 par 2 were not invoked. 66 

Therefore, it may be concluded that the acceptance by 

both states that Article 5 par l of._ the Return and Rescue 

Agreement could apply to.the facts ls an lmpllcit aoknowledge-
o 

ment that "space object or its component parts" includes-space 

refuse. The major problem here is that Any interpretation of , ' 

"space refuse" arising from the Kosmas, 954 incident could be 

restricted to the Return and Rescue Agreement, since the 

definition of space abject in trte Liability Convention is not 

found in the Agreement. Also, as with the Liability Conven-
1 

tion, this interpretation could' be limi~ed to incidents 

involving radioactive material, especially in light of Article 

5 par 4 of the Return and Rescue Agree~ent which provides tor 

material of a "deleterious or hazardous nature". 

(e) Conclusion 

"Space abject", as found in the space treaties, does not 

include space refuse. Moreover, the Kosmas 954 incident 

65 Kosmos 954 Legal Claim, supra, note 56 at 131. 
: 1 

66 Article 5 par 2 of the Return and Resque Agreement 
provides that, prior to recovery being undertaken~by the state 
in whose territory the object has landed, the laànching sta~e 
must make a request to that State for recovery. 
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provides little suppprt for.the inclusion of space refuse in 

"space object". An obvious solution would be to amend Article 
1 

l (d) of the Liability Convention and Article I Cb) of the 

Registration Convention so as to include "space refuse" in the 

c1efinition of "space ~bject".67 However, simply appending 

"space refuselt to existing treaty definitions would not cure 

the de,fect, since the scope of "space objectIf is by no means 

certain. 

Accordingly, to address effecti vely the risks posed to 

space activities by space refuse, international space law 

requires not only a definition for space refuse, as suggested 

in the previous section, but also one for space object. The 

following definition is proposed: 

"S~ace object" means 

1/ Any obj ect 
(i) intended for launch, whether or not into orbit or 

beyond; 
(ii) launchea, whether or not into orbit or beyondi and 

(iii) assembled in space, and 
2/ any instrumentality used as a means of delivery of any 

object 

and includes 

1/ Any part thereof or 
2/ any object on board 

67 See, eg, C. Fishman, "Space Sa1vage: A Proposed Treaty 
·Amendment to the Agreement on the Reseue of Astronauts, tthe 
Return of Astronauts and the Return of Objects Launched into 
Space" (1986), 26 Virqinia J Int'l L 965 at 988: "The term 
'space objecte includes space vehicles, tbeir eomponent parts, 
and Any debris associated with or ereated by such space 
vehicles or their component parts". This definition has been 
proposed in the context of developing lega1 regulations for 
space salvage, an aetivity that is "often likely to involve 
debris"; ibid., at 991. 
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which becomes detached, ejected, emitted, launched or 
thrown, either intentionally or unintentionally', from- the 
moment of ignition of the first-stage boosters. 

3. JURISDICTION AND CONTROL OVER SPACE REFUSE 

If the risks posed by space refuse are to be addressed 

effectively 1 any remedial action must consid.ar the issue of 

who is vested with the right to remove space refu;',e. Answer" 

ing this questi~n brings into play the notions. of jurisdiction 

and control and ownership. 

- Treaty68 states: 

Article VIII of the Outer Space 

A State Party to the Treaty on whose regist y an 
object launched into outer space is carried shall 
retain jurisdiction and control over such obje ana 
over any personnel thereof, while in. outer spa e or 

-on a celestial body. ownership of objects lau ched 
into outer space, including objects landed or 
constructed on a celestial body, and of their 
component parts is not affected by their presence in. 
outer space or on a celestial body or by their 
return to earth. Such obj ects or component parts 
found beyond the 1 imi ts of the sta te Party to the 
Treaty on whose registry they are carried shall be 
returned to that state Party, which shall, upon 
request, furnish identifying data prior to their 
return. 

-Article VIII raises three issues relevant to the discussion of 

s~ace refuse: whether jurisdiction and control are coexten­

sive, whether space refuse is within the scope of Article VIII 

and whether jurisdiction and control over space objects ie 

permanent • 

68 Supra, note 14. 
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(a) Coextensivity 

If jurisdiction and -control are coextensive, then only 

one legal test will be necessary for determining when space 

objects can be removed from their orbits. The positions of 

the two major space powers on this issue are bontained in the 

negotiating document~ of the Outer Space Treaty and commen-.. ' 
taries based on the'Treaty itself. The United states believes 

the terms are coextensive; the Soviet union believes they are 

note 

The united st!ltes used the -expression "jurisdiction over 
1 

a space vehicle" in i ts early draft proposaI for what wpuld 

become Article VIII. 69 Later, Article VIII adopted substan-

tially the sarne wording as that of Principle 7 of the Legal 

Declara.~~. 70 With regard to the latter, it 'was suggested 

that the phrase lijurisdiction and control" "appcr.rently refers 

to legal control rather than physical control over orbi ting 

69 UN GAOR, United states of America: Draft Declaration 
of Principles Re1ating to the Exploration and Use of Outer 
Space, A/C.I/SBI (14 October 1962) Principle 7. 

70 Principle 7 of the Legal Declaration, supra, note 19, 
states: " , 

The state on whose registry an object launched into outer 
space is carried shall retain jurisdiction and control 
over such object, and Any personnel thereon, while in 
outer space. Ownership of obj ects launched into outer 
space, and of their component parts, is not affected by 
their passage through outer space or by their return to 
the earth. Such objects or component parts found beyond 
the limits of the St~te of registry shall be returned to 
that State, which shall furnish identifying data upon 
request prior to return. . 
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unmanned space vehicles". 71, Since Principle 7 and Article 

VIII are sa similar, there isgno reason why this interpreta­

tian cannot apply to "jurisdiction and control" in Article 

VIII as weIl. The documented US position On Article VIII le 

that "a nation which constructs and orbits a spacecraft," 

manned or unmanned, retains ownership and C'ontrol over the 

vehicle no matter where it ls located". 72 
~ 

The US interpretation reflects the view of British and 
'~'I' 

" 

North American common law traditions, 'where jurlsdiction "is 
-

an aspect of sovereignty and refers to jUdicial, legislative, 

and administrative competence", and encompasses the powere to 

make decisions or rules (prescriptive jurisdiction) and to 

en force them (prerogative jurisdiction).73 

The Soviet Union assigns different meanings to "jurisdic-

tian" and "control". Unlike the US proposaI, the USSR draft 

of Article VIII includes both terme: The State of registration 

is said to "retain jurisdiction and control over" space 

o 

71 Hall, supra, note 2 at n.12. 

72 Staff of the Senate Comm. on A~'~onautical and Space 
Sciences, 90th Cong., 1st Sess., Report on Treaty on princi­
pIes Governing the Activities of states in the Exploration and 
Use of Outer Space, Includinq the Moon and Other Celestial Bo­
dies[:] Analysis and Background Data (Comm. print 1967) 30-31. 

73 I. Brownlie, Principles of PUblic International Law, 
3d ed. (Oxford: Clarendon Press, 1979) 298. Spa ce Iaw has 
abandoned the use of nationali~y and territory to signify 
attribution of jurisd!ction over space objects. A substantial 
connection wi th the state of registration is invoked a8 a 
substitute; ibid., at 421 and 428 • 
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objects. 74 Jurisdiction refers to the legislative, .executive 

and juridical power of the state of registration, while 

control refers to "activities of special services of the 

registering state aimed at monitoring the technical condition 

of the space object", navigating the space object and guiding 

the activities of its crew. 75 

The distinction between the two positions lies in the 

tÊtmoval by the USSR of administrative funëtions from the 

j urisdicti~l umbrella and placing them in a separate 

category. The legal effect of this separation is negligible, 

since both the united states and the Soviet Union r~cognize in 

fa ct that physical control functions are within the scope of 

Article VIII. 

(b) Scope 

The principle of jurisdiction and control is of no 

relevance for remedial action,' if space refuse is not wi thin 

the scope of Article VIII J' The only class of space refuse 

specifically acknowledged as falling under this provision i5 

inactive satellites, as ne'ither t~ United states nor the 

74 UN GAOR, Draft Treaty on Principles Governing the 
Acti vi ties of stlltes in the Exploration and Use of Outer 
-Space, the Moon and Other Celestial Bodies, A/6352 (USSR, 16 
June 1966) Article V. 

75 V.O. Bordunov, "Riqhts of states as Regardi Outer 
Space Objects" (1981), 24 Colloquium Law of outer spacd 89 at 
90-91. 
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Soviet Union dist~nguishes between active and inactive 

satellites "for purposes of jurisdiction and control. 76 
~ 

To determine which spacet/Obj acts are space réfuse, the 

test of "leffective physical control,,77 could be established as 

a means for distinquishinq active satellites trom inactive 

ones~ This t~st would not only conform with both the US and 

Soviet interpretations of jurisdiction and control, but would , 

also determine when State jurisdiction and control over spa ce 
, 

obj ects ends. 

Successful application of the effective physical control 

test is hampered by several obstacles. First, jurisdiction 
• 

and control of astate over _its space objects is considered to 

be permanent. 78 Second, thêvalidity of the test would depend 

on -whether "space objects" include "space refuse" 79 a , -

question ~hich must be answered in the nega~iv~80. Third, 
" 

even if "space refuse" is subsumed under "space object", this 

tfefinition is valid ,only under the Liability Convent~on and 

cannot refer back to a previous treaty.81 

76 Hall, supra, note 2 at 118 and Kolossov, supra, note 6 
at 105. 

77 Hall~ ibid., n.12. See also, supra, taxt accompanyinq 
notés 12-13. 

78 See, infra, Aj3(C). 

79 Summary, supra, note 4 at 67. 

80 See, supra, Aj2(e). 

81 See articles 28 and 31(1) of the Vienne convention on 
the Law Treaties, UN GAOR, A/CONF. 39j11/Add. 2 (openad for 
signature 23 May 1969, entered into force _ 27 January 1980). 
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(c) permanency 

On the question of whether jurisdiction and control over 

.pace objects is permanent or whether it may lapse in certain 

cjrcUlllstances, legal opinion favours permanenc:y .,~2 In the 

.pace refuse context, however, this position is weakened by 

the following consideratirons: (1) permanent jurisdiction and 

control impedes att'empts to minimize the quantity of space 

refuse,83 since owners may not care what happens to their 

space Object~after theïr useful lives have ended~4; (2) most 

discussions oj' jurisdiction and control are concerned only 

with dangers posed by inactive satellites to space naviga-' 

tion,85 thereby ignoring the th,ree other classes of space 

refuse; and (3) permanent jurisdiction and control appli~s 

Article 28 states that treaty prOVl.S10nS are not retroactive 
un~ess so intended; Article 31 (1) states that treaty terms are 
to be interpreted according to the context in which they are 
found and wi th regard to the purpose of the treaty. 

82 See, eg, Hall, supra, note 2 at 118; Diederiks­
Verschoor, supra, note 2 at 2; E. Gordon, "Toward Internation­
al Control of the problem of Space Debris" (1982), 25 Collo­
quium Law of Outer Space 63 at 64; A.J. Young, Space Transpor­
tation Systems (Montreal: McGill University, 1984) 295; 
Schwetje, supra, note 2 at 280; Müller, supra, note 5 at 12, 
and J. J. Foley and R. F. Scoular, If 1 Made in Space t -- Interna­
tional Legal Aspects of Manufacturing in Outer Spac-e" in 
Space: Legal and Commercial Issues, supra, note 31, 105 at 
133. 1 

83 Gordon, supra, note 82 at 64. 

84 Diederiks-Verschoor, supra, note 3 at 2. 

85 See, . eg, Hall, supra, note 2; schJ'etj e , supra, note 2 
at 278-79 and 280-83, and Young, supra, note 82 at 294-97. 

• 
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only ta iden'tifiable space objects,86 to the exclusion of the 

untrackable ones. As previous ori tiques have not acldressed 

the entire spectrum of space refuse·when con. ide ring the 1egal 
• 

effects of Article VIII, it la possible t~at stat •• would be 

....-wi11i~ to -cede jurisdiction and control in certain cir­

cumstances. 

OWnership of space objects ia alao permanent, as Article 

VIII implies that the State of regiatration may not be ~~. 

-divested of title ta its space objects,87 regardl ••• ot the 

use or condition of the spaca objectas. Moreover, the r!ghts 

b of ownership ifi'bluda the rights of posa •• si,on, uae and 

disposal, tnereby denying a right of encroac~ment without the 

consent ~f the state of registration. 89 

The ~estion then arises as to whether there ar~ any 

exceptions to the absolute nature of juriadiction and control 

and ownership for the purposes of removing or otherwise 

dispos-l.ng of space refuse. Under sentence 3 ot Article 

VIII,90 the dut Y of states parties to the Outer spa ce Treaty 

'to return space objects found outs!de the territory ot the 
'" 

86 Ha'l'.f",'" ibid., at 121.- .. 

87 D.M. Wanland, "Hazards to Navigation in Outer Space: 
--- Legal Remedies and Salvage Law", at 30. Research preparee! for 

the NASA-AMES/University Consortium ~or Astrolaw Re •• arch, 
Hastings College of . Law, University of Calitornia, and 
pub1ished in (1985), 1 J Astrolaw 1. 

1 
-88 t 6 Gordon, supra, no e 82 at 4. 

89 Bordunov, supra, note 75 at 91. 
e-

90 See, supra, text accompanying note 68. 
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state of registration suggests a starting point for cqnsider­
,fi' 

inq removal of space refuse. However, reading thls provision 

toqether wit,h Article 5 par 1 
1 • 

of the Return and Rescue 
> ' 

Agreement91 demonstrates that sentence 3 of Article VIII ls 

intended to re·fer only to' those space objects and tbeir 

component parts which have returned to Earth. 92 Two other 

,possible sources for exceptions are the anal6qy wi th abandon­

ment from maritime law and sentence 1 of Article IX of the 
S 

Outer Space Treaty. 

In maritime law, abandonment arises where no personnel 

remain on board a'vessel and there is no intent to return and 

reactivate it. At such a time, the object becomes a dereliet 

and ia subj eet to saI vage. 93 In spaee law, a derel iet spaee 

objecf would be 

one which iE(, abandoned and deserted by those who 
were in charge of it, without hope on their part of 

-. ~ecovering it {lnd without intention' of returning to 
it. - Thus, manned spacecraft, abandoned by the crew 
wlthout intention of ~eturning to or recovering it, 
wolild be derelict. Unmanned satellites and other 
object~ with an 'active lifespan' would' be consi-" 
dered derelict when this active lifespa'n is termina­
ted, thàt is, in a pe~anent inactive state .••• 94 

r ~ 

91 Supra, note 21. 

92 L. Perek, "Telecoll1ll\un~cation and the G~ostationary 
Orbit: The Missinq Regulation lt (1983), 26 Co~loquium Law of 
Outer Space 33 at 35 an~ Young, supra, note 82 at 296-97. 

-93 Hall, supra, note 2 at 117 and 119. For application of 
maritime selvage law to spaçe }aw, see Wanland, supra, note 87 
at 17-31; Young, ibid., at 286-300, and Fishman, supra, note '67. 

94 Wanland, ibid., at 2·~. 
f...", 

1 
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The test :for this "permanent inactive etate" couleS be "errao­

tive physical control".95 
\ 

But is the hazard posed _ .by spaoe r~fuee to .paoe ao-

tivities sufficient justification for its ûnauthorized and 

possibly unilateral removal? It has been argued. that removal 

of· space refuse would be permltted on{y with tt. consent of 

the State of registration since (1) any unilateral action 

vio1ates the provisions of Artife VIII;96 (2) unauthorized 

removal becomes trespass, i~tional theft and piracy, or 

an unwarranted act -of aggression,. depending on the circum­

~ances;97 and (3) authority top remove "identifiable" spa6e 

r'è.tuse is vested in the State of registration in times of 

peace and in absence of an international treaty to the 

contrary98. 

On the other hand, consent of the state of registration 

may be unnecessary if (1) the possibility exists that persons 

or property 9Î innocent third-party states may be injured, 
, ~ 

lost or damaged: 99 (2 ) the hazard threatens the safety of\ 

"­spaceflight: 100 or (3) a ~atellite begins to fall trom orbit 

""" 95 Supra, text accompany ing note 77. 
<J 

96 Kolossov, supra" note 6 at 105. 

97 Hall, supra, note 2 at 121. 

98 Id. " / 

99 Fi8hman, supra, note -67 at 95. Â 

100 H. DeSaussure, "The Application of Maritime Balvaqe 
to the of Outer Spaceft (1985),0 28--C011oquiua Law ot Quter 
'Space' 127 at 1.31'._ If auch a threat axiat. to the orbital path 

>, 
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156 -and poses an immanent threat of serious harm to EarthlOl • 

While these arguments _ could provide the basis for a strong 
\ 

exception to the absolute jurisdiction and control and 

ownership of the State of registration, oply the first applies 

to aIl classes of space refuse. 

Sentence 1 of Article IX of the -/ Outer Space Trea.ty 

states: 

in the exploration and ~se of outer space, including 
the moon and other celestial bodies, states Parties 
to the Treaty shall. be guided by the princiJ?le of 
co-operation and mutual assistance and shall conduct 
aIl their -activities in outer space, including the 
moon and other celestial bodies, with due regard to 
the corresponding interests of aIl other states 
Paréi~s to the Treaty.102 

It has been suggested that the obligations to co-operate, 

provide mutual assistance and ,have due regard for the cor­

responding interests pf other states limit the absolute nature 

or traje~ry of space objects, removal of the hazardous space 
object would be subject to rules of public internati~nal law. 
If no such threat-exists and removal is based on the economic 
value of the space objeèt, th en any such removal would be 
governed by rules of private international law; id. However, 
rules for either contingency do not yet existe 

101 H. DeSaussure, "An International Right to Reorbit 
Earth Threatening Satellites" (1978), 3 Annals Air & Space L 
383 at 391-92. In this case, aState other than the State of 
registration has a un ateral humanitarian right of protective 
jurisdiction to recov r or otherwise remove a threatening 
satellite, with the mi imum possible control over the space 
object, subject to not: ce to the State of registration, 
consultation with that ..... ta e prior to removal, and independent 
verification; id. 

102 Supra, note 14. For a detailed analysis of Article 
IX, see, infra, B/l(a). 

( 
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of the provisions in Article VIII.103 ACQordingly, the wiltul 

failure to remove a hazardous'space object might be con.id.red 

contrary to 

nàtions. 104 

the corresponding' interests of other .pace 

, 

( 
Application of sentence l of Article IX muat ba 

~ 
by two considerations. First, the Outer- spa ce Treaty 

tempareO 

provides 

for compet-ing interests.- The freedom to use outer spAce tor 

space activities10S acknowledges the right ot states to use 

outer space for orbiting satellites and for navigation. It 

might also be in the interest of launchinq states to leave 

inactive satellites in orpit if it, would be too expensive to 
<, 

remove them. On the other hand, thts freedom ~ust be balanced 

aqainst the riqhts of spacetarinq nations to safe navigation. 

It is in their interests - to have outer spa ce trae trom 

navigational hazards. 106 However, space-law provides no rules 
-~ 

for desiqnatinq the priori2y- of thesa -'competinq - interasts. 

Second, i~ has been argued that the cotresponding interests of 

states are lilQited to harmful contaminàtion; adverse changes 
- l -

to the environment of - Earth and potentially harmful inter-

103 DeSaussure, supra, note 101 at 90. , 
104 Wanland, ~upra, note 87 at 8. 

105 Article I of the Outer Space Treaty, supra, note 14, 
states in part: 

Outer space~ including the moon and other cel •• tial 
bodies, shall be free for exploration âne! use by aIl 
states without discrimination of Any kind, on a basfa of 
eguality and in accordance with international law •••• . -

_ :106 Wanland, supra, note 87 at 8-9 • , 

'.-'" 
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ter.nee. This limitation is said to exclude threats posed by 

s~ace refuse. 10? 
7 

(d) Conclusion 

Since Article VIII provides th~ only substantial outer 

.pace law treaty references to jurisdiction and control and 

ownership,108 clarification of the nature, extent and manner 

of any interferenee wi th these rights will he necessary .109 

Thefle issues must be resolved to avoid international fric­

tion110 or the posslbility of international incidents trig-
, 

qered by unauthorized'removal,111 especially where preventa-

tive maa'sures for removal are not perceived to be in the 

common interests o.-t aIl J)ationsl12 • 

'l 
107 8$e, infra, text accompanying notes 355-357. 

, : 

108 Article .II par 2 of the Registration Convention, 
supra, note 23, provides for the joint registration of 
objects, "without prejudice to appropriate agreements con­
cluded or to be concluded among the launching states on 
j urisdiction and control over the space obj ect and over any 
personnel thereof" • Article 12 par 1 of the Agreement 
Governing the Activities of states on the Moon and Other 
Celestial Bodies (Moon Agreement), UN GAOR, A/RES/34/68 (5 
December 1979): opened for signature 18 December 1979, entered 
into force 11 July 1984, provides for ju~isdiction and control 
over persons and property on the Moon and for ownership of 
property on tha Moon. Neither provision alters the substance 
of Article VIII. 

" 
109 C.W. Jenks, Space Law (London: stevens & Sons, 19 ) 

238. Jenks suggests that only the most flextraordina y 
emergency would - justify interference" with Article V II 
rights; ibid., at 239. ~~ .. > 

110 Hall, supra, note 2 at 119. 

111 Ibid., at 122. 

112 See DeSaussure, supra, note 101 at 193. 

" 
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It has been suqqested that if a st~~ of reqistration \ 

do es not remove a hazardous space object within a reasonable \ 

time period and does not consent to removal by another state 

~or entity, then if that space object causes damage, (1) the 
J1 

state of registration should be absolutely l~able for damage 

caused by that space ob~ ect or (2) <Some ~orm of the ras ipaa 

l.oquitur doctrine should be invoked, attributinq prima tac!. 

negligence to the state of registration. 113 It has a180 been 

, proposed that the state of registration should be éonsidered 

negligent fOr wilful failure to remove an inactive space 

object, if appropriate removal t~chnol09Y exists. 114 • 

These remedial attempts are commendable. However, they 

refer at best to inactive satellites and other identifiable 

space refuse only. These remedies sugqest no means by which 
! 

hazardous spa~ objects can be removed and damage prevented, 

but only offer compensation after the facto Moreover, 

application of the res ipsa loquitur and neqligence doctrines 

'requires a dut Y of care which has yet to be clarif!ed. 115 

113 Hall, supra, note 2 at 12'2. The res ipsa loquitur 
-doctrine may be invoked where (i) a plaintiff cannot establish 
the exact cause of an accident; (ii) the accident ia of a kind 
which does not ordinarily happen without, negligence; (iii) a 
dut y of care owed te the plaintiff has been breached; (iv) the 
defendant breached that dut Y and is therefore negligent; (V) 
the ·defendant· s negl igence caused the acc~dent 1 and Cv i) the 
accident caused damage; J .G. Fleming, The Law of Torts, 6th 
ed. (Australia: Law Book Co., 1983) 288-89. For more details, 
see, ibid., 288-99. 

114 Young, supra,' note 82 at 299. 

Ils See, infra, text accompanyinq notes 251-255. 

/ 
'\ 
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Finally, the res ipsa loquitur doctrine will be difficul t to 

'apply sinee it requires that the de fendant have exclusive 

. ~ control over the inactive spaoe objeet. 116 However, this 

control is vested in the plaintiff state of registration .117 

Therefore, the present international legal régime 

authorizes no exceptions to the provisions of Article VIII, 

which would allow for the removal of spaoe refuse hy any 

·entity other than the state of registration. Mor~over, any 
~ ~ 

remedies suqqetJted for future implementation do not apply to 

the entire spectrum of spac~ refuse. Furthermore, p\:.ior to '-. 

any consideration of the issues posed by Article vIII~egal 
clefinitions of space refuse and space object will be neces-

lary. 

~ 

4. INTE~ATIONAL RESPONSIBILITY FOR SPACE REFUSE 

There have been no interna;tional initiatives ta date 
r 

mounted ta combat' the spaoe refuse problem. The question 

therefore arises whether the doctrine of international 

respansibility may he invaked to .ensure that states and 

international organizations will be obliged to remove the 

space refuse which they have crèated already and will continue 

to generate in the future. To answer this question, the 

doctrine of international respansibility as it exists in 
... 

public international law and space law will be discussed. In 

116 Hall, supra, note 2 at 112, n.32. 

117 Supra, text accompanying notes 82-89. 
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addi~ionl 
prinCiP!e 

1 

a ~evere restriction on tl}e application of the 

of international responsibi1 i ty to the problem of 

space refuse will be noted and a viable remedy proposed. 

(a) Public International Law 

sinee principles of international law apply to apace 

law,118 the,doctrine of international responsibility in public 

international law must be considered. General1y, for interna­

tional responsibility to arise there must be, inter alla, the 
t1 

breach of a legal obligation. 119 This principle applies to 

treaty law, customary international law and general prlnciples 

of international law. 120 

In international law, 1egal obligations are created by 

rules and regulations. Therefore, in the absence o~ rules or 

regulations either prohibitinq or requlating specifie acts or 
,QI -

omissions, there can be no attribution of international 

responsibility. In addition, any regulatory régime establish­

ing 1egal obligations must be as _ specifie as possible, ainee 

118 Article III of the Outer Space Treaty, supra, note 
14, states in part: 

states Parties to the Treaty ahall carry on aotivities in 
the exploration, and use of outer apace, inoludinq the 
moon and other celestial bodies, in accordance with 
international law, includinq the Charter of the 'United 
Nations .... 

119 Brownlie, supra, note 73 at 435. "[T]he major issue 
in a given situation ia whether there has been a preach of 
dut Y ••• "; ibid., at 434. See also, M. Lachs, The Law of outer 
Space: An Experience in Contemporary Law-Baking (Netherlands: 
Sijthoff Leiden, 1972) 124. 

120 K. Wiewiorowska, "Some 
sibility in Outer Space La~" 

___ f state Respon­
J Space L 2-3 at 30. 

,J 
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189&1 issues in international 1aw re1y heavily on the in­

,dividua1ity of the case. 121 

An exception to the qeneral principle of international 

responsibi1i ty, which has evolved qradually and has been 

applied on1y in except~onal cases,122 is the doctrine of abuse 

of riqhts. This doctrine states that compensation for damage 

may arise as a consequence of acts which are not unlawful. 123 
, 

Such a rule is ne~essary in certain situations, since to deny 
'Î 

responsibili ty, even when there is flno omission of dut Y , no 

fault, no violation of a specifie rule of law, would not only 

be inequitable, but would defeat the very purpose of the , 
law" .124 

\ 

The doctrine of abuse of rights is applied mostly to 

risks connected, with hazardous or ultrahazardous activities 

arisinq fram the application of mod~rn technology, 125_ and has 

baen accepted in space law in the form of absolute liability 

for damage caused by space objects on the surface of Earth or 

121 Brownlie, supra, note 73 at 441. 

122 Lachs, supra, not~ 119 at 124. 

123 Brownlie, supra, note 73 at 443. 

124 Lachs, supra, note 119 at 124. 

\ 

125 See Wiewiorowska, supra, note 120 at 32 and A. -Kiss, 
"The International Protection of the Environment" - in 
MacDonald, R.st.J. and D.M. Johnson Ceds.), The Structure and 
Procesa of International Law (Netherlands: Nijhoff, 1986) 1069 
et 1076 .. 

/ 
( 

, -



• 

\ 

• 

_~ i... ", , , " ~- { 

163 

to aircraft in fliqht126 • Application of the abuse of rights 

doctrine is limited, however. While it is "useful as an agent 

in the progressive development of the law", it "does not exist 

in positive law as a general principl." .127 
dJIr 

An important application of the general principle of 

international responsibili ty ia found in the relatively new 

field of international environmental law. In this field, 

international responsibility for protection of the environment 

has been establiàhed as a basic principle. As space refuse is 
,.\ 

a major issue when considering protection of the outer space 

environment,128, a brief review of thè evolution of' this 

'principle in the environmental context will prove instructive. 

The link between international responsibility and 

environméntal concerne can be traced to the Roman principle, 

sic utere tuo ut alienum non laedas (use your property so as 

not to injure your neighbour). In modern times, this "good 

neighbour" principle has been restated in the Corfu Channel 

case129 which arose after two British warships were damaged by 

mines in the territorial sea of Albania. Albania was held 

126 See Lacha, supra, note 119 at 125 and Wiew!orowska, 
supra, note 120 at 32. Article II of the Liability Conven­
tion,/supra, note 16, provides for this liability. 

127 Brownl!e, supra, note 73 a~ 445. - Bee also, 
Wiewiorowska, ibid., at 32 and Kiss, supra, note 125 at 1076. 

128 See, ecJ, Diederiks-Verschoor, supra, note 3 at 1; 
Gorove, supra, note 2 at 54-56, and Christol, supra, -"ete 2 at 
131. 

" 
129 United Kingdom v. Albania (Corfu Channel - Merita), 

[1949] ICJ Rep. 4. 
...., 
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re.pan.ible under international law, sinee every stat~ has an 

"obligation not to allow knowingly its territory to pe used 

contrary to the rights of others" .130 

On the facts, Corfu Channel is limited to cases where the 

damage and the act causing the damage both occur in the 

territory of the state responsible foT. that act. The Trail 

Smelter arbitration131 extends the dut Y to avoid contrary use 

of state territory to the territory of states other than the 

one in which the act causing the damage originates. The 

arbitration tribunal, in ruling that Canada must pay compensa-
I 

tion to the United states for damage cansed by a Canadian 

manufacturer to property in US territory, held that states 

have a dut Y to avoid acts in their territory which cause 

damage in the terri tories of other States. These decisions 
-

support the view that international responsibility for 

environmental protection is limited to those territories under 

state jurisdiction. 

'The scope of international responsibility was expanded 

turther by Principle 21 of the, 1972 stockholm Declaration 'on 

the Human Environment132 • 
- J 

principle 21 states: 

. ~30 Ibid., at 22. ' 

131 united states v. canada (Trail Smelter Arbitration) 
(1931-41)~ 3 RIAA 1905. 

,132 Declaration of the United Nations Conference on the 
HulDan Bnvironment. The official text of this declaration is 
contained in Report of the UN Conference on the Buman Environ­
ment, UN Doc A/CONF.48/14 (1972) 2-65 and'Corr.l (1972). 
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states have, in accordance with the Charter of the 
United Nations and the principles of international 
law, the sovereign right to exploit their own 
resources pursuant to· their own environmental 
policies, and the responsibility to ensure that 
activities within their ~ jurisdiction or control do 
not cause damage to the environment of other states 
'or of areas beyond the lilllita of national. juri.dic­
tian. (emphasis added) 

'" 
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Principle 21 has been accepted as a ru1. of ou.tomary 

international law133 and is viewed "as 'laying down the basic 

rulea qoverning' the international responsibility ot states 

concernfng the preservation and protection ot the environ-

ment,,134. Consequently 1_ every sta~e is responsible for 

ensurinq that its activities do not cause damage to the 

environment outside that State -- including outer space135 . 

Despite the acceptance of principle 21 by the international 
1) 

community,136 unanimity of agreement on its construction is 

r lacking13 7 • 

133 Kiss, supra, note 125 at 1074-1075 and Christol, 
supra, note 35 at 353. 

... .. 
134 Christol; id. 

135 Kiss, supra, note 125 at 1085. 

136 ,This principle wàs confirmed and its lagal lIig­
nificance, acknowledqed by UNGA Res. 2995 (XVII) 15 December 
1972; Christol, supra, note 35 at 353 and n.24. 

137 J. Bruhacs, "Some Remarks on the International Legal 
Order Relatinq to the Protection of Environment in Space Law". 
Paper prepared for presentation at 30th congress of the IISL, 
Brighton, 10-17 October 1987, at 3. Issues of interpretation 
include whether Principle 21 i8 a new rule of law or- merely 
the juxtaposition of two old ones; whether it brin98 about 
strict liability, and whether a violation ot the principl. ia 
an illegal act or merely the breach of a moral attitude, 14. 
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(b) Space Law 

1" .• pace law,- the basic statem~nt of international 

r •• ponsibility is found in Article VI of the outer Space 

Treaty 138. Sentence 1 of--that article states: 

o states Partiés to the Treaty shall bear internation­
al responsibility for national activities in outer 
.pace, including the moon and other celestial 
bodi •• , whether such activities are carried on by 
governmental agencies or by non-goverpmental 
entitias, and for assuring that national activities 
are carried out in confo:rmity with the provisions 
set forth in the present Treaty. 

That acceptance of this principle was accompanied by no 

acrimonious .debate139 is likely the result of two factors: (1) 

the prov:ision did n~t .. invol ve any new or inherently unaccep­

table principle for states which •.. envisage[d] playing arr­

important part in space activities .. 140 and (2) sentence 1 of 

Article VI is substantially a repetition of sentence 1 of 

Principle 5 of the Legal Declaration141 • The principle of 

international rèsponsibility is also found, but in a more 

138 Supra, note 14. ,\ 

139 P.G. Dembling, "Treaty on Principles Governing the 
Activities of states in the Exploration and Use of Outer Space 
Inoluding the Moon and Other Celestial Bodies" in Manual on 
Space ~w: Volume l, supra, note 38, ~ at 17. 

140 Jenks, supra, note 109 at 211. 

141 Supra, note 1.9. Sentence 1 _of Principle 5 - of the 
Legal Declaration states: ~ 

states bear international responsibility for national 
activities in outer space, whether carried on by qovern­
mental aqencies or by non-governmental entities, and for 
assurinq that national - activities are carried on in 
conformity with the principles s~t forth in the present 
Declaration. 

\ - , 
\ 
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specifie context, in Article 14 (1) of the Moon Agreement, 

where it applies to "national activities on the moon" rathar 
\ -than "national activities in outer spac:e, includin';J the moon 

• 
and other celestial bodies". 142 

Inclusion of international responsibility as a ganaral 

principle of space 1aw ensures that international organiza- ---~ __ 

tions and p~n-governmental entities fall under the umbrella of 

space law. 143 states are not only responsible for their space 

activities, but also for ensuring that these activities 
~-

conform with treaty provisions. 144 Sentence l of Article VI 

is a1so intended to ensure that any space activity, no matter 

who conducts it, ia carried out according to the rules of 

'international law; to brinq any consequences arising. trom any 

space activity within the jurisdiction of the State undertak-

"'" ing the activity, and to "remove aIl doubts concerninq 
--

imputability".145 In' addition, 

Article VI responsibility.146 

states cannot devolve their 

(c) A Severe Restriction and its Remedy 
, . 

It would appear that Article-VI of the Outer Space Treaty 

and Principle 21 of the stockholm Declaration are applic~b1e 
~ 

142 Moon Agreement, supra, note 108. 

143 Dembling, supra, note 139 at 17. 

144 US $enate Report on the Outer. Sp,ace Treaty, .upra, 
note 72 at 27-28. 

145 Lachs, supra, note 119 at 122. c-

146 Jenks, supra, note 109 at 211. 
o 
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to the question of space refuse, thereby making states 

responsible for damage caused by space refuse in the outer 
a 

=pac:e ênvironment. However, neither Article VI nor Principle 

21 authorlzes the establishment of the specifie regulatory 

r6gime neeessary for attribution of the international respon-.. 
sibili ty for whieh thèy provide. Effeoti ve control of the 

proliferation of space ref~se will be provided in space law 

only through the adoption of "specifie and sufficiently 

" detàiled standards of conduct" .1.47 , In addition, the doctrine 

of abuse of rights is of no force, since it does ,n_ot have the 
\ 

support at international law to be invoked in a general manner 

and focuses on compensation for, not'prevention of, damage. 

But there ls a more fundamental reason why Article VI and 

~rinciple 21 cannot be relied on for r.esolving the space 

refuse dilemma. The very le~àl structure-of the international 

community severely restricts the application of the princlple 
'\l 

, , 

- of international responsibility conta!ned in these provisions. 

Tradi tionally, international law has been based on the 

concept of Stat~ sovereignty.148 Although there is a growing 
; 

, 

interdependence amcmg states arising from thÉi need for "00- ~ 

operation, states act selfishly in pursuit of their own 
\ . 

(. inte~ests. As a result, the, international communityOis not a 

. 
.- 147 P.M. stérns and L. l ~ -Tennen, "principles of Environr 

mental P~Qtection in J the; Co~us .:turis spatialis" • Paper 
prepared' for presentation et 30th Congress of the iISL, 
Bri9ht~n, 10-17 October 1987, at 5-6. 

A ' 

148 Kiss, sup;a
"

. note 125 et 1071 Ï' 
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cohesive legal entity.149 Rather,. each state thinka of ltaelt 
" as a separate and indepencfent leqal unit. Accordinqly, whèn 

states consider the consequences of their acts, they are more 

1 ikely to think of the effect these acta have on indi v idual 
o 

states, not on the world ,community of nations as a whol •• 

This situation extends into ,the realm ft space ac-
1 

From the outset of· the apaC?e aqe, "the most , t'ivities. 150 ,.." 
~OlUpellin9 cbmponent of space activity has been nationalism, 

not planetary respon'Sib:i:lity" .151 'Dhe lack of a cohésive or 
1 

1 

global approach assumes a special importance in matters . 
involving protection of the outer space environment, of which 

~ 

space refuse is a particular instance. 

Outer sp~ce ls a global colt\l\\ons, a, vast territory shared 

by aIl nations. At law, i ts use an'd eX~,loration is "for the 

benefit and in the interests of all countrips". 15~ Since 

environmental protection in outer space transcenda national 
, ~ . 

boundari~s, 153 the traditional approach can "never ensure ... .... 

149 B. Bakotic, "space Law Problems at the Turn of the '-..J 
Century: An Overview of Some Warning Trends in Public Interna­
tional Law" (1983), 26 Colloquium Law of outer Space 343 at 344. 

150 Id. 
, . 

151 Gordon, supra, note 82 at 63. 

152 Article l of the Outer Space Treaty, 1 s~pra, note 14, 
states~in part: , 

The exploration and use of outer space, including the 
moon and ether celestial bodies, shall be carried out for 
the benefit, and' in the interests of all eountries, 
irrespecti ve of their degree of . economic or .c~.ntific 
develppment, and shall be' the province of all mankind. 

153 sterns and Tennen, supra, note ,147 at 5. 

f 
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of the outer space from pollutionll154 • 
< 

P~blems arising in a global commons" require global solutions 

which 1 in turn 1 calI for different, more general 

approaches .155 One such ';;;~pproach woul.d view the legal 

obliqations flowing from the principle of international 

r •• ponsibl1ity as a commitment to protect the interests of 

Eart~r space, as well as the interests of indlvidual 

nation states. 

As the most recently explored global commons, outer space 

can provide mankin5i with an opportunity to develop unlversal 

approaches to problem sol vinq. Any sound soluti-ons derived 

from these approaches will lnclude the assumptlon that the 
l , 

interests of the entir~" 1nternationa~ ~ community take precede-

nce over the interests oi ifs indlv!dual member states. The 

stockhOl~ ~onf~rence ~:monstrates that such an assumption 1s 

workable and can "bea.,r vaJuable fruit, The Declaration 
, 

. , 

developed by that conference was "the first acknowiedgement by 
./ 

the community of nations that new principl.es of behavior and 

responsibility must govern their relationship in -the environ­

mental era" .156 

'There· is no reason in principle why the space nations and 
1 

thosë international organizations using and exploring ,outer 

l54 Kiss, supra, note 125 et 1080. 

155 Id. 

156 L.B. i Sohn, "The stockholm, Declaration on' the -Human 
Enviro~ent" (1:973), 74 Harvard Int'l LT 423' at 432. 

" , 
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a de the tradi tional f structure of national 

se1f-interest and adopt a globally responsible approach, -- if 
r 

,not for a11 space actiy-ities, then et leaat for developlng a 

system of interna.tiona1 ru1es to provide for the attribution 

of international responsibil;l. ty for the creation of space 

refuse. In th!s way, al1 sta1:es would share r •• ponsibi1ity 
1 

for protection of the oute~ space environment an~ W'ould at the 

same time protect the interests of.<, a11 stat.s unc1ertakinq 

space activities. 

5. IDENTIFICATION OF SPACE REFUSE 

If space refuse ls to he, removed trom outer Space or if 

states liah1e for damage caused hy their space refusa are to 
~ 

be held accountable for the.ir actions, there must be Il means 

for identify ing the state -responsible for the refuse. The 

extent to' whiçh provisi.ons are made in space law for the 
--

.identification of space refuse is determined by the extent to 

which identification of space objects la provlded for under 
1 

the Reqistration Convention. 

(a) 'The Need for Identif~cation 
l' 

The importance of "precise physical identification" of 
/ t 

spa ce obj ects has been recognized sinee the earl lest clays" ot 
-

the spaee age. 157 ~ A we11-desiqned'system of regist~ation may 

~57 M. \ McDouga1 et ~1., av and Publi.c .< order in outer 
Space (New Haven: Ya1e university Press, 1963) 569. 

-" 
-' 
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.~:rovide for identification of space objects158 and for 
1 / 

attribution of nationality. The lat1;Jer is required for 

purposes of jurisdiction, international responsibility, re~urn 

ot :tallen spa ce objects -and liability159 and for preventing .. " ---
collisions between space object$160. -Identification of ~pace 

obj~cts makes possible the attribution of n~tionality. As 

we~.l ,. it provides a means for détermining the quanti ty of • -
space refuse in orbit in order to set safety standards and to 

cSevise methods of eliminating it-: 161 

The Registration Convention was drafted in order to 

provide for attribution of nationality and identification of 

.pace objects. 162 In r~ality~ however, it addresses only the 

former tunction. Under Article II par 1 of the Registration 

Convention, each launching state must maintain a registry of 

158 P.G. Dembling and s.s. Kalsi, "Pollution of Man's 
Last Frontier: Adequacy of Present Space Environmental Law in 
Pres~rVitlg the Resource of Outer Space" (1973), 20 Netherlands 
Int'1 LJ 125 at 142. 

159 A.A. Cocca, "Con'<Ïention on Registration of Objects 
Launched into Outer Space" in Manual on Space Law:, Volume l, 
supra, note 38, 173 at 179-80. For addi tional reasons for 
registering spa ce abjects, see C.S. Sheldon II and B.M. DeVoe, 
"united Nations Registry of Space Vehicles" (1970) , 13 
Colloquium Law of Outer Space 127 at 129-30. 

fi" 160 1.1. Kotlyarov, "Sp~ce Monitoring Facilities and 
Environmental Protection" (1982), 2~ Col1oquium Law of. Outer 
Space 5 at 6. 

1 

161 staff of Senate Comm. on Aeronautical and Space 
Sciences, 94th cong., lst Sess., Report on the Convention on 
Registration of Objects Launched into outer Space: Analysis 
and Background Data (comm. ' Print 1975) 4. 

162 See Preamble, pars 2-4 and 7 of the Registration 
Convention, supra, note 23. 

1 
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"" space obj écts launched int\7l Earth - orbi t or beyond and must 

inform the Secretary-General of the United Nations of the 
"-

establishment of this req'Î.stry, the content of whioh is 
1 

detf'Jrmined solely ~e St'llte of registry (~rt.icle II par 

3) .163 The national register "confers national i ty tor 

pTlrposes of jurisdicti'on,,164 only. The United Nations 

fJperates a compulsory system for the regist'ration of space 

ohjects, pursuant to Article~ III of the Reqistration Conven-

/ ti-on. 165 Content of the UN Reqister, prescribed by Article IV" 

par 1 of the Convention, 166 is mandatory. The funotion of the 

UN Register is limited to "facilitat[ inq] operation of 

existing treaties" .167 < 

16~, Article II, pars 1 and 3 of the Reqistration Conven-
tion, ibid., state: ' 

1. When a space abject is launched into earth orbit or 
beyond,,, the launchinq State shall reqister the space 
object by means of an entry in an appropriate registry 
wl':.ich it shall maintain. Each launching State shall 
ir~orm the secretary-General of the United Nations of the 
establishment of such a registry. 
~. The contents of each ~e9istry and the conditions under 
which it is maintained shall he dete~ined by the state , 
of registry concerned. - ' ''''."\ 

164 A.J. Young, liA Decennial Review lOf the Registration 
Convention" (1986), 11 Annals Air" Space L 287 at 298. 

165 Article' III par 1 of the Reqistration Convention, 
supra, note 23, states: 

The Secretary-General of the United Nations shall 
~ maintain a Reqister in which the information furnished lno 

~ccordance with Article IV s~all be recorded. 
\ 

166 For the text of Article l'V, see, infra, 'note 179. 

167 Young, supra, note 164 at\298. 
\ 
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Identification of ~pace objects invo~ves two phases: 
/ 

detection and identification. 168 0 The Registration Convention 

contains no provisions' for detection, relyinq on the facili­

tiea of states and international orqanizations .169 The 

identification -phase cou Id prove 1 Il invaluable, perhaps even 

indispensible, in determininq the state bearinq responsibility , 
1!or injury or da~age caused by space objects" .170 r Yet the 

".. 

role of the United Nations in this matter is minimal; and 

,beyond the scope of the Reqistration Convention, as eyidenced, 

for exampIe, by its ineffectiveness in the identification of 

Kosmos 954. 171 In addit.ion to accomplishing li~tle toward the 

establishment of a sys_tem which positively identifies space 

objects; the information which the Convention does require 
~ /-

cannot be used by 'international organizations to correlate 

observat.t,ons of space objects. 172 As a result, identification 
. ,«1 

will often "epeftd on the willingness of the state most likely . , 
to face liability to co-operate in the process of identifica-

tion. ~]3-

168 McDouqal et al., supra,~note 157 at 569. 

169 See, supra, Chapter One: C/2 (b) ., 

170 I.A. Vlasic, "Disarmament Decade, Outer Space and 
oInternational Law" (1981), 26 McGill' L1 135 at 190. 

171 Young, svupra, note 164 at 295, 296 and 300. 

172 SChwetje, supra, note 2 at 262. 

173 Gordon, supra, note 82 at 64. 
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(b) Limitations of the:Registration Convention 

There are several reasons for the ineffectiveness of the 

Reqistration Convention in providing for identifioation. A 
#- . 

major obstacle is the Convention's scope. , Regiatration is 

necessary only for "space abjects" (Articlé - l Cb» • However, 

. it is unclear which objects launched 1nto space, othe~ than 

active satellites 
*' 

'and any trackable, operational debris 
(''t 

accompanying them, are included in' this definition. 174 For 

examplé, sinee no specifie provision ia made for inactive 

satellites, only the United states has consistently registered 

them. 175 Moreover, "a.S is clear from Article IV", identifica­

tion of space abjects is "principally oriented ta the regula­

tion of satellites with fixed orbital parameters": therefore, 

the need to reqister spa.ce abjects in varyinq orbita "may 

prove problematic ll • 176 Also, on a strict reading, abjects 

constructed entirely fram space reSOlJ!'cas could be excluded 

from the Register. 117 

.---~ 
Article II par 1, which further aelimits the scope of the 

Convention, states that only "abjects launched. into earth / 
1 

174 Supra, text accompanying notes 33-52. Cf, Christol, 
supra, note 2 at 145, where it is stated that the Reqistratian 
Convention i5 "properly associated with fragments of space 
abjects". No ditect' support is given for this proposition, 

. however. 
,r,'. 

r 
\"'. 175 Cocca, supra, note 159 at 180. 

'\ 176 P.O. Nesgos, "The Space station: Legal Implications" 
in \space: commercial and Legal :Implications, supra, note 31,""" 
79 at 83. 

177 :Id. 
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orbit or beyond" must be reqistered. This provision has been 

interprited sa as to exclude unsuccessful. <launche:; launches 

of sub":~rbital sounding rockets...- or ballistic missile test 

'vehicles, types of fuels or exhausts, chemical or radioactive 

payloads and any other thing which may ttactually or potential­

ly affect the space environment" .178 

second'(f'the identification function of the Reqistration 
" 

Convention is without force 

required under its Article 

Convention included prompt 

',( 

due ta the paucity of
l 
information 

Iv179 • While the goals of the 

reportinq and standaJdization of 

178 N. Jasentuliyana; "Environmental Impac~ of Space 
Activities: An' International Law Perspective" : (1984), 27 
Colloquium Law of Outer Space 390 at 395. See allso, Cocca, 
~upra, note 159 at 181 an~ US Senate RePôrt on ~eqistration 
Convention, supra, note 161 at 13. \ 

179 Article IV of the Registration conventi\on, supra, 
note 23, states: \ 

1. Each State of registry shall furnish to the ISecretary­
General of the united Nations as saon as pract~cahle, the 
following information concerning each spa~~ object 
carried on its registry: !l 
(a) Name of launching State or states; ~ 
(b) An appropriate designator of the space objept or its 

registration numberi \ 
(c) Date and territory or location of launch; \ 
(d) Basic' orbital parameters, includinq: 

(i) 'Nodal period, 
(ii) InClination, 

(iii) Apogee, 
\ (iv) Perigee; 

(e) General function of spac~ abject. 1 

2. Each State of registry may, from time ta time, 1 rovide 
the Secretary-General of the united Nation~ with 
additional information concerning a space object carried 
on its registry. '\ 
3. Each State of registry shall notify the secr~tary­
General of the united Nations, to the greatest extent 
feaslble and as saon as practicable, of space abjects 
concerning which it has previously transmitted inierma­
tion, and which have been but are no longer in earth d:,rbit. 

• Il 
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data base for improved monitoring space objeots,180 the 

irements of paraqraph 1 of Article IV have been described 

as insufficient even ~or a~oiding collisions between two 

trackable, _active space objects, and as "usel ••• " for assess­

'ing' the space refuse problem. 181 Specitically, this provision 

fails to provide for information on the orientation of 
-

orbit;182 ~ata on ~he position of the satèllite, either in ite 

initial or current orbit;183 notice of impending re-entry,184 

notice of space object breakup, with accompanying parameters 

of each breakup fragment, lBS and netice of change in orbit 

subsequent to launoh, due either ta intentional manoeuvres or 

to the effects of physical perturbationa186 • 

Al though this type of information would assist in the 

identifj.cation of space objects, provision ot· "additional 

information" ia discretionary (Article IV par 2). Lack of a 

180 US Senate Report on Registration Convention, supra, 
note 161 at 1..2. 

181, R. T. Swenson, "Pollution of ,the Extraterrestrial 
Environment" (1985), 25 Air Force LR 70 at 81. 

, 182 Id. 

183 P.Q. Colliris and T.W. Williams, "Towards Trattic 
Systems for Near-Earth Space" (1986), 29 Colloquium Law of 
Outer Spàce 161 at 168. 

184 Schwetje, supra, note 2 st 262. This notice is 
,important sinoe re-entering space objects spin and tumble when 
they start to decay; consequentlY1~their orbita chang& ~ickèr 
than those of more stable space objects; id. ~ 1 

185 Swenson, supra, note 181 at 81.-

186 Sheldon and DeVoe, supra, note 159 at 1j9. 
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manc1atory régime for such information has been described as 
'" "most reqrettable": without it, no improvement has been made 

to the voluntary- nature of the registration system in effect 

prior to the entry' into force of the Registration convention 

on 15 September 1976. 187 Furthermore, the inadequacies of 

Article IV are acknowledged in the treaty itself by Article 

VI.188 Instead of relying on the UN Register, states 'requir-

187 Cocca, supra, note 159 at 182. In US Senate Report 
on Registration Convention, supra, note 161 at 21-23, it has 
been recommended that provision of the following information 
"would he helpful" in "ensuring maximum benefits from the 
reqistration systemll : (1) registration every 30 days and 
within 60 days from launch or first discovery; (2) registra­
tion of aIl active satellites and operational debris; (3) 
notice of significant changes in orbital. elements resulting 
from manoeuvres and perturbations, such changes ta be reported 
every 30 days and wi thin 60 days of discovery; (4) shape, 

'dimension, weight of space objects, along with model and 
lifting capacity of their launch vehicles; (5) exact time and 
location of launch; (6) notice of intermediate orbital 
elernent~ until final registered orbit atta~ned; (7) notice of 
aIl "disappeara,nces from sustained flight of space abjects", 
including the reason (collision, natural gecay 1 planned re­
entry), whether the object or Any part thereof was discovered 
and exact location of discovery; (8) notice of failed launch 
attempts, including information required for (4), (5) and (7); 
(9) notice of aIl registrations and reports of space flights 
predating the Registration Convention; (10) more explicit 
information on the function of space objects, and (11) radio 
frequencies on which signaIs are sent from spacecraft. 

For an enurneration of information required by the COS PAR 
SPACEWARN system for launching announcements and orbital 
elements, see, ibid., at 3. 

188 Swenson, supra, note 181 at 81. Sentence 1 of Article 
VI of the Registration Convention, supra, note 23, states: 

Where the application of the provisions of othis Conven­
tion has not enabled a state Party ta identify a space 
obj set which has caused damaqe ta i t or' ta Any of i ts 
natural or juridical persans, or which may be of a 
hazardous or deleterious nature, other states Parties, 

rincluding in particular states possessinq space monitor­
inq and tracking facilities, shall respond to the 
greatest extent feasible ta a request by that state 
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inq additional information fo~ identifying 'pace objecta ~ust 
~-~ ~ 

turn to the information banks of other Sta te. parti ••• 

Third, Article IV pàr 1 disregards the n.ad tor timali­

ness in reportinq information, when it statea that information 

shall be furnished lias soon as practicable". This requirement 

does not imply that information must be conveyed in advance, 
- , 

b~t only when it is feasible to do so.189 Tharatore, this 

provision results "i_nvariably in ex post ~acto notifica­

tion" .190 Moreover, most information ia outmoded bafora it la 

reported,191 sinee it may take weeks or even months to furnish 

-the i:-equired data192 . This lack of timeliness is critical, - . 
sinee such lenqthy delays could defeat the purpose of not only 

-
the Registration Convention, but also the Liability Conven-

tion. 193 

Finaily, under Article V of the ReqistratJ..on Convention, , 

compulsory markinqs are not requi~ed: how6ver, if marklnqs are 

Party, or transmi tt~d through the secretax:Y-Gen~ral 0 on 
its beha!f, for assistance under equltable and reasonable 
conditions in the identification of the objecte 

.189 US Senate Report on Reqiatration Convention, supra, 
note 161 at 12-13. 

190 Young, supra, note 82 at 282. 

191 Swenson, supra, note 181 at 81. \ 

- 192 Vlasie, supra, note 170 at 190. As ot 1~85, ~the 
average delay was about tour months. The shortest d.lay~. 26 
days, "while the longest was 11 months; Young, eupra, note 164 
at 295. 

193 US Senate Report on Registration Convention, supra, 
note 161 at 13. 
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used, they must be registered. 194 Therefore, the most obvious 

and convenient method for identifying space objects is 

voluntary .195 If markings were mandat ory , they would facili­

tate both the identification of the state of registry196 and 

the future management of sp~ee traffic197 • Noting that the 

provision of markings is within the realm of current techno­

logy 1 it has been proposed that a category of identi:fying 

marks be added to the registratio~ system. 198 

Four possible types' of markings were put forward in 1.970 

- by the Scientif ic and Technical Sub-Commi ttee of COPUOS during 

194 Article V of the Registration ~Conventi9n, sup~a, note 
23, states: " 

Whenever a space obj ect launched into earth orbi t or 
beyo!)d is marked wi th thé designator or registration 
number referred to in article IV, paragraph 1 (b), or 
both, the State of reqistry shall notify the Secretary­
General 9f this fact when submitting the information 
reqarding the space object in accordance with article IV. 
In such case, the Sécf'"etary-General of the united Nations 
shall record this notification in the Register. , 
195 Whether markings should be mandatory or discretionary 

was the most debated lec.{~1 issue arising from considerations 
of the Reqistration Convention in the Legal Sub-Committee of 
COPUOS; Coeca, supra, note 159 at 184. The Unit~d' state\; 
"consistently and continuously opposed" mandatory markings, 
the rationale being two-fold; markings would not survive re­
en1;ry, and the necessa~y technology to provide suqh markings 
would he unacceptably expensive; see Matte, supra, note 35 at 
182 an<:i US Senate Report on Registration convention, supra, 
note 161 at 13. '1, 

!II> 

196 Vlasie, supra, note-170 at 190. 

197 Young, osupra, note 164 at 296. 

198 Youpg, supra, note '82 at 298. 
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during its study of regi~t~ation and identification, iasues. 199 

The alternatives were (1) special markinqs auch as' matal 

plates (and, today, name marks); (2) detailed descriptions of 

the structur~ of space objects and the mat.rials and com­

ponents used; (3) reqistration of transmitter frequencies,"and 

(4) information on flight trajectories. 200 Perhapa ,the most 

interestinq suggestion concerned the refe~ence under alterna­

tive (2) to the then "possible future devalopments in the uae 

\Of non-harmful radioacti\1e tracer alementa [for] applicatfon 

to identification". If technically possible and economicaloly 
o 

reasonable " this type of marking would qo a long. way to 

solving the identification problem, especially for space 

refuse fragments resulting- from object breakup, microparticu­

late matter and untrackable operational debris. 

(c) Conclusion 

The Registration Convention does littl~ to either 

identify or aid in the identification of space refuse~ Since 

the Convention does ftOt make satisfactory provision for the , v, 
identification of space objects, it can be of no use for . 
identifying space refuse, most notably in its untrackable 

'" ., 
manifestations. Especially critical ts the uncertainty of the 

meaning of "space ob,~ects'" a term which at bèst. ihcludes the 

.199 UN GAOR, COPUOS, Report, of the Scientirlc and 
'l'echnical Sub-co.aittee on the Work of its ·Seventh 8ession, 
~A/AC.I05/82 (1 May 1970) pars 39-43. -' ;. . 

, 200 ' Ibid., par 41. -; 
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majority of active space objects and operationa1 debris, 

al though the scope of the latter remains unc1ear. Even if 

this prob1em of terminology were resolved, remaininq obstacles . , 

would inc1ude the lack of mandatory provisions for detection; 
c 

the insufficiency of data necessary for time1y, re1iable and 
. 

accurate identification of "space objects", and the failure to 

provide for a mandat ory marking scheme. 

6. COMPENSATION FOR DAMAGE CAUSED BY SPACE REFUSE 

Compensation for damage cauêed by space "refuse in outer 

space wiLl. never be an adequate substitute for preventing the 
1./' 

generation of space refuse. However, some, 1ega1 mechanism is 

necessary in order that claimant states, pri vate" owners and 

insurers are able ta recover any .losses which do occur. In 

space law, this function is the reserve of the Liabi1ity 

Convention. 201 

• Under the Liability Convention régime, states are 
, 

d 

abso1ute1y liable for damage caused by their space objects on , 
the surface of Earth or to aircraft in flight (Article II) 202 

and are subject to fault-based 1iability for damage caused in 

outer space (ie, C?!-per than on the surfac~ of Earth or to 
-., 

aircraft in flight) by their space obJects to space objects of 

otper states (Article III) 203. If damage caused in 'outer 

.... 
201 Supra, not,e 16. 

202 For the text of Article II, see, infra, note 264. 

203 Article III is discussed, infr~, at A/6 Cb) • 

• 
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space resul ts in damage to a third-party state on the s'urface 

of Earth or to its aireraft in fliqht, the abso'lute liability . \ 
,of first 'twa states is joint and several (Ar~icle IV par 

1(a) f. If damage caused in outer space results in damage to 

the space object af a third-pa"rty state in outer space, the 

l.iability of the· first. two sta~es is joint and several, in 

proportion ta the fault of each (Article IV par 1 Cb». 

Settlement of claims for compensation. is governed by a 

. two-part procedure. 204 Diplomatie channels are used initially 
,e 

(Article IX). Failing resolution of the dispute after one 

year from the date of notice of submission of the claim 

documentation 1 a Claims Commission is established to decide 

the issue on its merits (Article XIV). The compensation which 

the launching state is liable te pay is based on the principle 

of trestitutio in integrum~ ie, the amount which wJ;'1l restore 

the injl\lred" party "to the condition which would have "e~isted 

if the damage had not occurred lt (Article XII). 

Two siqnificant facts shauld be noted at the autset. 

l'irst, neqotiations for the Liability. Convention were triq-

gered by concerns over the possible harm to persans and 

~ property on Earth resul tihq fram the atmospheric re-entry and 

return to' Earth of space obj ects • 205 From the US perspective, 
, l'.~-" 

for example, the fundamental purpose .'2J the-' mtgoti'àtlons ytas 
._ •• .# , c. 

~ .... ' \ ' l ~ .,. v "l' a, ~ 
.. "" ..294"'~FOJ.V a'Yl elements of the procedure for settlement of ' 

.. ~. '~' dis6utes, see article~ VIII-XX of the -Liability " Conven~ion, 
~ supra, note 16. 

205 Cheng, supra, note 38 at 83-84. 
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184 .. 
to - provide compensation for damaqe arising.- from these 

, 

\ harms. 206 Second, in order to ensut'e that a treiey sat.isfac-

tory to aIl parties woul,! be drafted, negotiat,ors in the Legal 
o " 

Sub-Commi ttee ?f COPUOS did not address several questions 

thought to be "relatively exotic" at the time. 207 one such , 
question was the risks posed by space refuse. 208 As a .-re~ul t, 

-
the ,Liability Convention does not "meaningfully" address the 

issue oe , da~age to persons or property in o,",ter space, 

~qth9ugh Sub-Committee members recoqnized that. tne n~ed for 

such a treaty would a~ise when the presence of humans in outer 

space became more IIfrequent and numerous".209 
-- , 

with these limitations in mind, two issues 'of substantive' 
" -

importance to the space refuse question will be discussed: the 

me1!ming of "damage" and "space object", and fault-based 

liability for damage in outer"space. 

206 Reis, supra, note -32 at 127. 

267 Id. 

208 Even up until the time the Liability Convention 
ehtered into force on 1 September 197~, there was very little 
knowledge abol;lt space refuse. At that time, questions raised 
by tb,e existence of space refuse and its potential hazards 
were in the earliest stages, of scientific investigation. In 
fact, the first major conference to address the space refuse 
issue was not convened.,u;, until 1982. .The proceedings of this 

- NASA conference are pl1blished in D.J. Kessler ~nd S-y Su 
(eda.), Orbital Debris. Proceedinga of a workshop sponsored by 
the NASA Lyndon B. Johnson Space Cente!=', Houston, Texas, 27-29 
July 1982 (Washington, OC: NASA Scientific and Technical 
Information Branch, 1985). 

209 Reis, supra, tlote 32 at 127: 
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Ca) The Meaninc;r of "damage'· ,and "space abject" 

J,)J" 

Arti~le I(a) of the Liability Cqnvention'~tates: 

i,J 

. , 

The tèrm "damaqe" means 10ss of life, personal 
irijury or other impairment of health; or loss of or 
damage to property of states or of-persons, natural · 
or j uridical or property of intergovernmental 
organizations. 210 

:L85 

While da~age to persons and property in outer spaee is 
\ -' , 

included in this provision, it is generally agréed that damage 
, 

ta the outer space ~nvironment per se is na~ within the scape , .... . 
l of the convention211 . sinee no compensation Is available for 

environmental damage, launcning states are not liable for the 

m~re presence in outer space of sp~ce refuse su ch as micropar­

ticulate matter and very smal1 pieces of fragmentation debris. 

The~efore, 1aunching states havè na 1ega1 incentive ta avoid 

the qeneration of this spaee refuse. . - . 
-

-A strong argument for atbending the Liab~lity Convention 
l1j 

,so as, ta inc1ude damage to :the outer space environment per se 
\ 

21~ Supra, note 16. 

-0-_
211 See, -eg, Jasentuliyana, supra, note 178 at 395: 

swenson, supra, note 181 at 79; A. McCloud, "Space Pollution". 
Paper prepared for presentation at 30th Congress of the IISL, 
Brighton, 10-17 October 1987, at 2 ~ S. 'Ospina, "outer Space: 
'Cominon Heritage' or 'common Junkyard' of Mankind?" Paper 
prepared for presentation at 30th, Congress of the 'IISL, 
Brighton, . 10-17 October 1987, at 1-2; H. Qizhi, "Towards 
International control of Env!ronmental Hazards of Space 
Activities". Paper pr~pared for presentation at:. 30th Congress 
of the IISL, Brighton, 10-17 Octoher 1987, at 2; I.I. 
Kushkuvelis, "Functional Approach and Beyond: - Towards A 
Functional Aerospace Env-ironmental Regime". Paper prepared for 
presentation at 30th congress of the IISL, Briqhton, 10-17 
Octoher 1987, at 3, and I. H. Ph. Diederiks-Verschoor, "The 
Legal Aspects _of Space Activities with Potentially Harmful 
Effeets on the Earth a~d Spaee Environments" _ (1972), 15 
Colloquium Law of outer space 268 at 273. 

1. 
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" . 
i8 based on the fact that outer space is a global commons, 

. 
seas. 212 simi'lar to - Antarctica and the 'high Even if this 

amendment were enacted, reso1ution of three lega1 issues wou1d 
, . 

still ret'nain outstanding: 1ega1 standing for c1aimant states P 

• J 

(who is goi~g to speak ~or mankind?), assessment of damages213 
J \ 

and nature of the liabi1~ty. ) 

As outer spacé is one of the qloba1 commons of mankind, 
, ? 

it couid be argued that each state speaks for its citizens and ) 

thérefore for that segment of mankind under its jurisdiction. 
, 

According1y" -each State wo~ld exerci~~ an eco10gica1 right to 

ensure the preservation .of outer, space for ',future genera­

tions. 214 Assessment cou1d be based on the princip1e of 
. ~ 

restitutio in integrum,215 in order to' cover the cost of 

212 Jasentu.1iyana, supra, note 178 at 295 and Swenson, 
supra, note 181 at 79. See a1so, Kiss, supra, note 125 at 
1083-1087 •. .. ' 

213 Dféderiks-V~rschoor, supra, note 211 at 273. . . 
, 214 'AS noted in MCC1oud, srlpra, note 211 at 2" assign4ng 

each state a property interest in outer .space would run'afou1 
of the non-appropriation princip1e, found in Article II of the 
Outer Space Treaty, supra, note 14, which states: . 

, Outer space, inc1uding the moon and other ce1estia1 
bodies, is not subject to national appropriation by c1aim 
of sovereignty, by means of use or occupation, or by any 
other means. 

'-For a tliscussion of the possibi1ity of establishing "private" 
prçp~rty rights in GEO as a po1icy too1 for reducing the risks 
posea by space refuse, see D.A. Olmstead, "Orbita1_ Debris 
Management:, International Co-operation for a Growing" Safety 
Hazard" in G.W. Heath (ed.), Sp~ce Safety'and Rescue 1982-83. 
~roceedings of the 15th and 16th International Symposia on 
$pace Safety and Rescue, held in conjunction with the 33rd and 
34th International Astronautidal Congresses (San Diego" CA: 
Univelt, 1984) 241. 

215 See Brownlie, supra, note 73 at 457-64. 
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, . 
returz:.tinq~ the, environment to its; state prior tQ the damage. . , . 
AlthOU! it has heen proposed thàt a launchinq state should he 

,absolutely liable 'fO~ any' ,damage it caus~s ~o 'the outer' space 

environment ~r se, identification of the liablEi! State would 

be extremely difficult, especially if the damage is caused by 
, , 1 

.smaller' ~pace refude objects.'2i6 
,"« 

\ The . ~iability Convention prévides the most current 

description of a "space obj ectll • its Article l (d) statès: 
~ 

The term ~"space objectIf includes component parts of 
a space obj ect as weIl as i ts launch vehicle and 
parts thereof. 217 .. 

" Howèver, this description is riddled with uncertainties and 

ambiguities. 218 , To'- re'iterate: the onl; ,space refuse within 
~ 

the scope of "spac~ object .. with any degree' of .certainty' .is· 
J • 

operational debris, to the exclusion of inactive s~tellites, 
, , 
" ' 

fragmentation âebris, microparticulate matter and ~itter.219 
Â 

, 

216 Jasentuliyana, supra, note 1..78 at 395. On the 
difficulties associated with identification, see, supra, 
Cbapter One: C/2. On the basls for liabillty in outer ~pac~, 
see, infra, Aj6{b). 

121'7 Supra, note 16. 

218 For an analysis of "space object", see, supra, A/2. 
'1 0 

219 Support for this proposi~ion is found in Swenson, 
supra, ~ote, 181 at 80: "The original satellite being left in 
space after. i t became nonfunctional was not an occasion for 
liability; neither was its breakup into many smaller pieces"; 
and in Kushkuvelis, supra, note 211 at 3: tilt is doubtful 
whether [the Liability Convention~ covers damages [sic] from 
space debris ..•. [TJhe problem of when a spaae oüject becomes 
debris is, le~t open. te 

.. 
1 



o 

l.. 

'\. 

,'ll. -, 
"' 

:~~;:y.-;r-~"-f~\-'--,-t-~- :, _ ;~"-'~-(I; '( 
1 

Cb) Fault-based LiabilJty 

f 

188 

-Even if, for the sake of argument, it is Ilssumèd,.,that ·all 

classes of space refuse fall within the scope of "space 
- , 

objectif, the principle of fault-based 1iability is ·a furt.her 
c 

impediment in the quest for !J'compensation for d.amage caused ~'y 

~~ac~, refuse in) outer space. Article :III of the Liabi1ity 
" ' 

Conyention states: 

:In the event of damage being caused elsewhere than 
on the surface of the earth ta a space obj ect of one 
launching state or to persons or property on board 
suc;:h a sp-ace obj @ct by a space obj ect of another 
launching 'Staté, the latter shall be liab1e on1y if 
the damage .is due to i ts faul t or the fau1 t of 
pers ons for whom it is responsible.2.20 .' 

The application of this provision to space refuse is 

doUb'tfu'l., since Article III "appears to be prima~ily concerned 

with a possible collision between [active] space objects" 221. 

con~~cIuently', the risks posed by s;~e refus~22 includin~"" 
ç • 

that of collision between an active space Obj ect and any item 

of space refuse, were not foremost in 'the minds of the 

.. 

.220 Supra,. note 16. 

221 US seÂate-Report on Liabi1ity cônvention, sup,ra, note 
4 at 27'. , 

. -

• ci 

, 

..222 The risks posed by space rèfuse include cQllision, 
which may resul t in total 10ss of· property br 1ife, damage to " 
pers ons or property, generation of further space refuse, 
_~.sinterpretation, re1ease' of contamination, ~r the need to 
-alter space operations or space object desiqn; interference 
due to the quanti ty of spa ce refuse accumul.ating in outer 
space, and use of space refuse for .mi1itary purposes; see," 
s~pra, Chapter One: B. 
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'CI' • 

Article 1 s negotiat,ors. 223", 

spada refuse 

which would 

even if damage caused by 

were 'wi thin the ,\alllbit 'of . .Article 'III, issues 
l, , 

remain ùnresolvet1 include foreseeability of-
'll.r ~ 

damage, the scope of e1igible claimants, the elements of· fault 
. \: . 

and application of 'the. ratlonale' for' fault-based li~ility to 
\. ~ 1 

~ '-.damag~ caused by space refuse.224'~ 

(i)' Foreseeability of Damage 

Article III does· not specify whether the damage .caused 
J 

must he reasonahly foreseeable. It has been stated that only 
1 

a ~ausal' connection between the accident and the damage nekd 

be established, thereby "leaving. a bro2l'd discretion 50 that 

each claim 'cJin .be determined on its merits and in light. of 

j~stice and equity, fo~ it is difficult, ifonot impossib17 to 

foresee aIl the circumstances' that ntay' resul t in' damage" .225 
Il 

This. Interpretation is essential in order to ensure that a, 

223 This -oversight is apparent in discussions of Artic]a 
. lU; in the IlJterature, which generally assume that thn major 
cause-oY-aamage- ~n . ou1:er~spac-e wilî -be- col-li-s±ons--benee.i:l- -'tWD-
active space objects. • 

224' For comprehensive historipal analyses of aIl legal 
issues arising ,from Article III, see the relevant .aections of 
Foster, supra, note 35; Cheng, supra, note' 38, and Matte, 
supra, note 35; for contemporary analyses of the~e issues, see 
Christol, supra, note 35, M.S. Firestone, "P1;'oblems in the 
Resolution of Disputes concerning Damage Caused in' Outer 

--Space" (1985), 59 'Tulane LR 747 and K.O. Heç'rd, IJSpace Debris 
and Liability: An overview" (1986), 17 CUlIlt-er1and LR 167. See 
also, Reis, supra, note ~2. ._ 

225 Foster, supra, - note 35' ,at 158. See a1so, Senate 
Comm. on Fore-1gn' Reta tions, Conv,ention on International 
Liabi1ity . for Damaq\ Caused' by Space Objects, s. Exec. Rep. 
38, 92d cong., 2d Sess. (1972) 362. 

\1 .... -
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~aunchinq state will be he~d liable fo~ damage caused by space 

rel'use •. It Jis diffi~ult to ascertain what dama~e will resuI:,( 

for example, 'from -a collision between a breakup fragment and 

an active, satellite, or to predict when the particular form of 

dam~ge will' occur. Possible damage could include material 
. . 

d;:imaqe -to the satellite, interruption of ground recèption of 
Q • 0.. 1 ,tjIiiIIA ... f1 

the signaIs from the satellite, Interference with signaIs from 

other sa~ellites and interferenée with scientific experiments. 

~, 

(ii) Scope of Eligible Claimants 

The language of Article :rII of t~a ~iability C6nvention, 

Article VII of,: th~ Convention and 'the inter-party waiver of . . 
~, , 

1 iabil i ty (ound in us National Air - and Space Adm~nistration 
.. J 

(NASA) l.aunch agreements place restrictions on who may see)c o • , 
compensation for~damage caused by space refuse in outer space. 

'Article III states that the damage mu~t,pe caused by "a 

space object of another launching State" (emphasis added). 

Th~r,efore; df two space objects, each owned by a different 
r 

private entity, collide and if both entities are under the 
i 

jurisdiction of the same launching State, compensation for any 
1 • 

damage resulting frbm that collision is unavailable. 226 The 

same result would follow if one of the space objects were a 

. pieée of identifiable space refuse. 

226 S. C. Kenney, "The Impact of Prod~t Liability Law on 
Commercial_Activities in Space" in Space: Legal and Commercial 
Issues, supra, note 31, 209 at 233. 

.. 
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" Also, - consider the situation where an astronaut or 

. cosmonaut undertaking an EVA is killed 
~ , 
when. a piece, of . 

" 
hardware (say, a boIt), 'negaigently released durinq a previous . 

1 . . 
• ission, punçtures his spacesuit. Under Article III~-a claim 

( 

" , f 

by the estate of the deceased is excluded, since persons or 

property must be "on board" a space object in order to recover 

damages. 227 

~ Article VII- of the Liability Convention states: t3t 
... (' 

The provisions of this Convention shall not apply to 
damage caused by a space obj eet of a" launchinq state 
to: -
(a) Nationals of that launching State; 'fi 
(b) Foreign nationals during such time ~ they are 

·participating' in the operation of that space object from 
the time of i ts launching or at any stage thereafter 
until its descent, or durinq su~h time as the y are in the 
immediate vicinity of à planned launching or a reoovery 
area as a result of an invitation by that launching 
state. 228 

Therefore, nationals of' the launchinq state cannot seek 

eo~pensation under the Liability convention, whetherJthey are 
J '" \ 

on Barth or in space. They do have recourse, however, under 

national law. 229 -.-
In addition, claims of foreign nationals are 

. 
227 Cheng, supra, note 38 at 14. This claim would also be 

excluded ..under Article, VII of the Liability Convention;· see, 
infra, text accompanying note~ 228-231. 

228 Supra, note 16. 
-

229 For US natioqal law on space liability, see two 
'articles by J .A. Bosco; IIpraetical Anal:ysis of Intérnational 
Third Pa.rty Liab~lity for o~ter Space Activities -- A US 
Perspëctive" (1985), 29 Trial Lawyer Guide 298 and "Liability 
of the US Government for Outer Space Activities Which Result 
in Damages, Injuries or Death" (1986), 51 J Air L & Comm 809. 
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eliminated if these persons are participat~ng in any phase of 
1 

a space activity, whether as emp10yee or invitee. 
_ ... J ...,. 

The 1 exclusion of claims' by nationals ha~ an "ancillary, 
" 

yet substantive, effect on the' scope of eligible claimants, 
6 

when the definition of launchinq State ta qonsidered. It is 

possible 'tliit for every space object launchec1 thel:'e could be 
, r 

four '~launching state-s lt ;'i;.tate A procures a launch which is 

-carried out by stâte B ufing the facilities of State C in the 

territory of, ~tate D.230 Therefore, nationals of a'll these 
./ 

states would have no remedy under the Liability Convention. 

Moreover, if any of these states had entered into a joint 
) 

. yenture with another state, the num1:Jer of excluded State 

nationals woulq. incre~se.2?1 

The spectrum of eliqible claimants is further "de~im~ted 

by certain allocation of risk provis"ions found in the NASA 

Launch Agreement232 . oriqinated r,y NASA, this approach has 

230 Article l (c) of the Liability Convention, supra, 
notè 16, states:. , 

The term - "launching state" means: 
(i) AState which launcbes or procures the launching of a 

space obj ect ; 
(ii) A state'fr~m whose territory or facility a space 

ob~ect is launched[.] 
" 1 ~ 

231 Article V par l of the Liability convElntion, supra, 
note -'16, provides for joint and several liability when two 

.' states undertake a joint launching venture. Therefore, both 
states are launching,States for the purpose of Article VII(a). 

232 Launch Agx:eement (sample) : Agreement Between the 
United states of America by the National Aeronautics and Space 
Administration and Satellite Business systems for Launch and 
Associated Services, Launch Agreement No. 1009-001, effective 
date: 17 June 1980, in S. Gorove (ed.), united states Space 

. Law: National and InterIlational Requ1ation (Dobbs Ferry, NY: 

.. 
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been ~4opted by Arianespace 'for its launch services and ~s 

found in. varlous articles- of -memor~4~ of understanding 

relatinq to USISS.233 Therefore, the liability provisions 

contained in the Agreement could become a space law precedent 

for determining eligible claimants • .... 

t ' Under the NASA Launch Agreement, both NASA and the user 
" 4 

aqree to a nO-fault, no-subrogation, inter-party waiver of 
, .-

liabi1ity.234 " This, provision ob1iges "each party •. '. 1P be • 

responsible for any damage it sustains to its' own property and . 
employees ·involved in shuttle operations". 235 The inter-party 

> 

waiver extends to third parti_~s, tlieir property and em,ployees, -
Oceana Publicatiohs, 1982) I.A. 7. :Bart l, Article V of the 
Agreement is entitled Allocation of certain Risks. 

233 Ne~gos, supra, note 176 at 87. 

" 
234 Article V, s. 3 (a) pf the NASA Launch ~greem~nt, 

supra, note ?32, states in part: ' 
To simplify' the allocation of risks among NASA and aIl 
\tsers of the Spa ce Transportation System and to make the 
use of the sfpace Transportation System feasible for the 
use and explÇ)ration of outer space by aIl potential 
users, the parties agree to a no-fault, no-subrogation 
inter-party walver of liability under which each party 
agrees to be relilPonsible for any Damage which it sustains 
as a resul t of Damage to i ts own property and employees 
involved iri STS operations during such operations, which 
damage is causèd by NASA, the User or other users 
involved in such STSP Operations during such operations, 
whether such Damage arises through negligence or other­
wise .••• It is tbe intent of the parties that this inter­
party waiver of liability be. construed broadly to achieve 
the intended obj eeti ves. > 

., 

235 R.A. Tepfer, "Allocation ~f Tort Liability \ Risks in' 
the Space S"huttle ProgJ:am fl (1983), Air Force LR 208 at 209. 
(emphasis added) 
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'« 

and i:ncludes "the contractors and sub-contracto:rs at every 

tier of both pa~ties and other shutt1e usérs". 236 

Consequently, the Laûnch .Agrt;ement e,x:cludes' all suits, 

brought ag~inst NASA for damage r~sul tinq -. fr0!f1 collisions wi tl} 

or interference caused by sp'ace refuse, even if the identi 'Ey -

of the launching, State creating' the space refuse can be 

ascGrtained "and the Cault ~f the launching state established. 

Also, since any entity using NASA facilities for lAunching a ... 
4 

p~ylG@d is obliged to acèept the inter-party waiver~ if two 
, .... 

~ . , 
NASA us~rs are involved in a col11sion between ,a ~..load of 

r one l1ser and space 'r~fuse created by the other user an)j if the· 

user responsible for the space refuse is neg~igent, 
. 

the 

claimant state will have no cause of action- against ,the. 

'. ' 
n~f1.gent state.... , 

In~matters involving space refuse, a particularly severe 

defect Q,f the NASA Launch Agreement is rts failure to set a 

\ termination date at whic}l time, contractual responsibility for 
..... 

space objecb, r~maining in outer spac!e would expire. 
1 .... 

For 

purposes of liability, Article V,. s. 3 (~) pf the Launch' 
..". 

Agreement provides that 

··8/S Operationjl'" means all Space Transportation 
System ",activity, all" Pay10ad activity, And al1 
re1ated tangible personal property (which includes 
ground support, test, training and simulation·~ .. 
equipment) activ~ty.237 

. 
,236 Nesgos, liJupra p note 176 at 87. (emphasis ~dded) See 

Article V, ss. 3 (b)-(d) of the NASA Launch Aqreement, supra, 
notè 232. '"'\ < 

2'37 lb! ,. i d. 1 note_ 232. (emphas s added) 
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For a payload 1 such as a telecommunication or meteorological 

satellite, which is "deployed or jettisoned" during STS 

operations, STS Operations end (1) when the payload impacts 
, 

on Earth; or (2) if it is retrieved by the Orbiter, when the 

payload is removed (i) from a US government installation; (ii) 

the Orbi ter i tsel f , if i t lands in other than a government 

installation, or (iii) a US government vehicle transportin\ 

the payload from the government installation or Orbiter, 

whichever occurs last. 238 r "This aspect of the agreement could 
. "'--J 

continue into perpetuity", since it "applies to aIl users on 

all shuttle fligl),ts". 239 As a result, a claimant State would 
" 

be excluded from initiating a liability claim if, for example, 

a telecommunication satellite launched for it by NASA in 1988 

suffered damage resulting from a collision with a space object 

launched by NASA in 1980. 

There is no reason in principle why this perpetuity'rule 

would not apply if the collision were between the satellite 

launched by NASA in 1988 and a breakup fragment of the 

satellite launched by NASA in 1980. However, the question may 

be raised as to whether the NASA Launch Agreement was meant to 

extend to circumstances such as these, n~wi thstanding the 
, J" 

intent of the Agreement "to 'provide thè broadest possible 

\ 

238 Article V, s. 3(e) (2), NASA L4~nch Agreement, ibid. 

239 Tepfer, supra, note -235 at 210. 
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waiver of liability and avoid the prospect of any action". 240 

In this instance, an argument can be made that both the 

technica1 and 1ega1 status of the satellite launched in 1980 
. 

have 
\ 

changed from "active payload" __ to "space refuse" . 

Techn"ica1ly, movement of the item of space refuse cannot be 
L 

controll~-and, unlike the active payload, is therefore 

unpredictable in its orbital path. 
IL 

Legali.l{; the Launch 

Agreement is without jurisdiction over space refus~ since it 

is intended to cover payload activity, not the activity of 

space refuse created therefrom. 

The inter-party waiver also raises the question of 

wnether parties to the Liability Convention can derogate by 

bilatera1 agreement from the principle of faul t contained in 

Article II1.241 Article 41(1) of the Vienna Convention allows 

for modifitation if the treaty under consideration provides 

for modificat~on or if 

the modification is not prohibited by the treaty 
and: 
(!J does not affect the enjoyment by the other parties df 
tfiéir rights under the treaty or the performance of their 
obligâtions; " 
(ii) does not relate to a provision, derogation from 
which is incompatible with the effective exeçution of the 
object and purpose of the treaty as a whole. 242 

It ~as been suggested that "[a]ltering th~ liability regime 

for damages in space ••• would not. likely to run counter" to 

240 Nesgos, supra, note 176 at 87. S~e also, Article V, 
s.3(a), NASA Launch Aqr~ement, supra, note 232. 

"-
241 Nesgos, ibid. , at 87-88. 

242 Supra, -note.8l. '\1 
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this provision,243 a point of view fortified by the focus of 

the negotiator~ ~t_~he_Liabi1ity Convention on damage occur­

"'-ring on the ground and-to aireraft in fliqht244 • However, in 

view of the fa ct that derogation -from Article III would ... 
eliminate the only express space law provision for compensa­

\ 
tion for damage caused by space refuse in outer space, the 

abject and p\!rpose of the Liability Convention, as expressed 

in paragraphs 3 and 4 of its preamble,245 cannot he carried 
-- . 

out. Therefore, the proposed derogation would be incompatible 

with the execution of the Convention. 
1 
\ 

To date, the inter-party waiver has "wo'rked weIl" for 

shuttle aétivities. However, an "obvious reason .•• it has 

not been questioned or subject to jUdicial scrutiny is becau~e 

no inter-party damage has been caused to date. Whether it .... .. \ ,. 

will hold., intact in the future remains to be seen. ,,246 

243 Nesgos, supra, note 176 at 88. 

244 supra~ text accompanyinq , notes 205-206. , 

245 Preamble, pars 3 and ,4 of the Liability ~Convention, 
supra, tl9t_e _16, s_tate: ____ ~ __ 

Taklng ,cinto consideration - that, notwithstandinq the 
precautionary measures to be taken by stat~s and interna-

/"" , --

~ tional "intergovernmental organizatians involved in the 
launchinq of space obj ects, damaqe may on occasion .De 
caused by sucn objects, , . 
Recoqnizing the néed to elabor~te effec~iv~ international 
rules' ~nd procedu~es concerning liabi,lity for damage 
caused by space objects and to ensure, in particular, the 
prompt payment under the terms of this, Convention of a 
full and equitable measure of compensation ·ta victims of 
such damage, •.• . 

246 Nesgos, supra, note 17~ at 87. 

, \ 
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(iii) Elements of Fault 

The decision to base damage in outer. space on faul t has 

been subject· to harsh criticism. This reaction is not 
~ - - . 

surprising since issues such as those arising under ~rticle -- .... .".. ~ 

III o-f the Liability .Convention were not "meaningfully" dealt 

wlth during Convention negQtiations. 247 Article III has been .. . 
described as "meaningléss in the' context of space law" for 

__ f'" • (' 

. & 
application t~space objects in general,248 let alone to space . 
refuse. criticisms include the failure,: to ~e~ine fault, 

,<;::, absence of a standard of c~re .and the inability to establish 

, ~ 

, 1 
negl~gence. 

The fai1ure to define fault is a defect249 aggravated at 

international law due to different interp,retations of the 

ternf. "Fau1t. .. ,_ may be considered subjective or objectivei the 

latter implies a pre-existing -lega1 dut Y , while the former 
. 

implies_a finding of,blameworthiness such as that in the 1aw 

of negligence. It has been suggested that s~jective fault is 
.' 

applicable to the Liability Conventioh, sinee objective fault 
". 

is no more than a' restatement'of a basic principle of State 
• 

liability under int~rnational law. 250 

247 See, supra, text acoompanying notes 207-209. , 
248 Firestone, supra, 'note 224 at 767. 

.-! ' . 
249 Christol, supra, note .35 at 268 and Firestone, ibid. , 

1 at: 761- . t> 

250 F.K. Schwetje, Managinq outer Space Traffic in the 
Fut:lre (Montreal: McGi11 university" 1985) 251, citing J. 
Pfeifer, "International Liabi1ity for Damage Caused by Space 
Objeots" (1981), Zeitschrift 'für Luft und Weltraumrecht 215 at 

-~ ~ 
, '";,,. 
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In addition, there is no indication in Article III of 

what dut Y of care is required to qive rise to fault251 or wh~t 
, 

standard ~f, care is neéessary for estab~ishing reasonable-';;' 

- ness2 52. The absence of a standard of care has been viewed as 

a fundamental flaw.since "no system is readily applicable to 

space law disputes in absence of sta~dards of conduct for 

space activity," , 253 either proJiiulqated :l: international law or 

developed through case law254 • without a.body of substantive 

law, litigation of space tort cases will be impossible. 255. 

. Several standards have been proposed as a basis for , 
'allocating fault. A Iaunch,ing State would he negligent if it 

", _(1) abandoned deliberately an active satell.ite where the 

technology existed °to retrieve it;25~~, -(2) failed to maintai~~~ 
'" the required spacing b,tween satellites in GEO;257 (3) fail~~ 

to place a potentially inactive satellite in a disPO~1 

255. 

251 F~restone, supra, note 224 at 761. 

252 See, id.; Jasentuliyana, supra, note 178 at 
Christol, supra, note 35 at ~68. 

253 Firestone, ibid., at 767. 
c 

,J,­
~t· • 

fJ; :\ ~~ 
~ l'~ 

If.~-.' 

~95, fJtd 
( \4 
\/ 

/ 

254 Althouph the Liability Convention was invoked 
following- the Kosmos 954 incident, no case law resulted sinee 
the issues arising from the incident Wère never'adjudicated; 
see, supra, A/2(d). 

255 Firestone, supra, note 224 at 762-72. 

256 Young, supra, note 82 at 299. 
1\ 

257 Schwetje, supra, note 250 at 248. 

\ , 
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orbitr 258 (4) failed to mi tigate the, production of space 

refuse,259 or (5) refused to remove space refuse resulting 

from its space activities260 • 

Even if a11 standards of care have been met, a collision 
--' 

between two active satellites may st!ll not give rise to....a 

cause of action in neg1igence under Article III: "For almost 
-

aIl spacecraft, once the sate;Llite is p1aced in orbit, the' 

launching State has neither the ability ~o foresee a future 
, .-

- . \ 
collision nor the abi1ity to make the substantia1 manoeuvre to 

avoid \ one" .-261 For examp1e, predictions of possible col-

lisions between an active satellité and a manned spacecraft 

such as the STS orbiter can on1y be made 12':24 hours in 

advance; when two unmanned active sate11ite~ are invo1ved, the 

prediction time is- even less. 262 The;-efore" it is highly 

likely that the predictive ability will decrease even fqrther 

when one of the objects is
4 

space refuse, since that object 

will be uncontro1led and may not be detectable. 

(iv) Application of' the Ration~ie for Fau1t-based 
tiability to Damage Caused by Space Refuse 

A qUestion, not yet addressed in the literature, arises 

as to whether the public po1icy arguments put forward for 

258 Id. 

259 Swenson, supra,-note 181 at 86. 
~, 

• 
260 Schwetje, supra, note 250 at 248. 

261 Swenson, supra, note 181 at 80. 

Z62 Id. 

\ . 
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fault-based liability provide a, suitable foundation \ on which 

to ba~ liability resultinq from damage caused by spac~ refuse 
, -

in outer space. The rationale for fault in Article III of ~the 

Liability èonvention :i.s' based on the equality of states in 

undertaking space activities. Once space objects are in outer 

space, states participat~ng in space activities are presumed - . 
, 

to have accepted the risks involved. Moreover, it is said to 
1"'~ 

be in the interest of the internatio'nal community to give 
1 

freedom to those conducting' and developing space acti ~i ties, 

unless they commit a fault. 263 
\. 

It ,is- argued that if absolute liability, which applies 

when spa ce obj ects cause damage on the ground or to a.ircraft 

in fI ight, '264 were invoked for damage to space obj ects in 

outer ~pace, the resul t would be "absurd .•. and sometimes 
";r ~ 

unjust'u.265 - For example, if two active - satellites collided 

and destroyed ohe another, each state would have to pay the' 

other compensation. The o~ner of ~the more valuable satellite, 
i 

even if that state' were tota11y at fauIt, wou1d recèive 
04 

263 Foster, supra, note 35 at 154-55~ See also, P. 
McGarrig1e, "Hazardous Bio10gica1 Activities in Outer space" 
(1984) ,. 18 Akron LR 103 at 135 and Lachs, supra, note 119' at 
126. 

2~4 Article II of the Liabi1ity Convention, supra, no.t:e . 
16, states: 

A 1aunching State shall be abso1ute1y liable to pay 
compensation for damage caused by i ts space obj ect on the -
surface of the earth or ta aircraft in fliqht. 

265 Matte, supra, note 35 at 161 • . 

J • 
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qreater ,compensation based solely on the value of a ~atellite 

surély-an instance of an unjustifiab~e windfall. 266 

While this 'injustice may arise in the event of collisions' 

between two active satellites, to exténd the fault régime to a 

collision between an active satellite and a debris fragment, 

or any other class of space refuae, would be equ;i1y absurd 

and unjust. In a situation involv~ng -damage C~d_ ~y spaqe 
- , , 

refuse,,, application of the rationale for absolute liability 

makes hetter sense for two reasons. 

First, space fI ight and .space acti vi ties may he cçm­

sidered ultrahazardous or abnormally dangerous activities. 267 
'" ,. 

" Sinee its early days, space law has accepted the approach that 

states which undertake activities based on teehnological 

development are~respon~ible for the results arising from those 
. , 

developments. 268 The proliferation _ of -space refuse is one 

" 

266 US Senate Report on Liability'convention, supra, note 
44 at 27-28 and Matte, id. 

267 MCGarrigle, supra, note 263 at 105; US Senate Report 
on Liahility Convention, ibid., at 26, and Heard, supra, note 
224 at 184. Several elements are considered when determining 
what constitutes an "abnormally dangerous activity": (i) 
existence of a high degree of risk of harm. to persons or 
property; (ii) likelihood that the resulting harm will be 
great; (iii) inability 'to eliminate the risk with reasonable 

. care; (i;,) extent to which the activity is not a matter of 
common usage; (v) whether the location of the activi.ty is 
inappropriate for carrying out that activity, and (vi) the 
extent to which the value of the activity to the community is 
outweighed by its dangerous attributes; McGarrigle, ibid .. , at 

.- ____________ 10_4, citing Restatement (Second) of Torts, s. 520 (1967)\. 
crH:eria(lv) , (v) and (vi) "do not really add mueh to the 
deteX'DIination and are alre~dy considered to be of minor 
impol'tance"; ibid., at Ill. 

• 268 Lachs, supra, note 119 at 125. 



c 

1 li;, 
i 
i 
! , 
i'" 
1 

' .. 

203 
, 

sueh result. In these situations, "r,esponsibility [should be] . \ . 

imputed to'the 'person or entity making the initial decision to 

engage in the activity which exposes others to risks ~here 
-

possibly no amount of foresiqht or feasible protective 

me~sures may avert injuril:ls,,269. Therefore, in cases where 

space refuse causes damage, those who create ~he risk should 

bear the cost "of protectinq persons ane) property in outer 

space as weIl as the space environment itself,27~ particular­

ly ainee (1) the exerci'se of due care !?y the ela'imant state 

will not avoid the risk;271. (2) claimant states should not be 
\ 

penalized for the understandable inabilities .of the negotia-' 

tors of the' Liability Convention to predict the future with 1 

any qreat,de~l of accuracy,272 a,nd (3) it makes little-sense. 

to protect the interests of thi:r;d-party states on Earth from 

spage refuse, while failing to protect the' interests of those 

same states in outer space from' those samEY risks -- especially 
• 

if. gen~ration of space rèfuse can be prevented by State 

action. 

269 US Senate Report on Liability Convention, supra, note 
4 at 26. 

270 MCGarrigle, supra, note 263 at 135. 

271 See, supra, text accompanying notes 261-262. If due 
care cannot avoid risks posed by acti~e satelli.tes to one 
another, it i.s unlikely to be significant in avoiding risks 
from spaee refus~. It is possible that the best,way to avoid 
the hazards posed by spaee refuse, especially in LEO, will be 
to refrain from undertaking spa ce activities; see, supra, 
Chapter One: 0/2(a), particularly text accompanying notes 357-
359. 

~72 Supra, text accompanyinq notes 205-209. 
~ 
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Second, absolute liab~lity is considered necessary when ..... 

~it 'is .. "JlikelY that ,fault - can be '_eftablis~ed. In this' 

situation fault-based liability leads to injustice: If a 5tate • 

causes damage through negligent conduct ~hen carry~n9 out its 

space activity and if neglïgence cannot be proved, that State 

carries out its activitiés at the éxpe~se of other States. 273 

-::. In the outer space context, and particularly' when r space 
- . 

refu~e i~being considered, problems ~f e~tablishing the'proof 

necessary for discovery procedures and evidential matters are 

magnified. 274 Although the fault rationale holds that 

taunching states are in the best position to assess the 

presence of fault and adduce evidence toward that end, the 

present state of space technology, makes. proof of fault a 
-' 

difficult task at best,275 even for the _ m,?st advanced space 

ppwers • Lack of detection oapabilities and 'identification 
• 

techniques276 may not even be effective in determining which 

of _ two colliding active satellites -is ~esponsible for blle 

,-; 

damage~ 277 Sueh pfèo:f--may-be--impossible to est..ablish in a 1 

, ---,------ ----] 

,part~eular case involvinq space refuse, sinee anythinq smaller 

273 See US Senate ~ePfrt on Liability Convention, supra, 
note 4 at 25-2,6. 

274 Firestone, supra, note 224 at 763. 
o .. ~ _ 

275 Foster, supra, note 35 at 155 and Schwetje,. ~pra, 
note 250 at 252. 

~76 se~, supra, Chapter One: C/2. 

277 Swenson, supra, note 181 at 80. 
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than 4 c111· is "virtually impossible" to track at present. 278 
-

As -a result, po1:éntial claimant states may tend to refrain 

from th~ "costly and time-consuming investi~ations" necessaÏ-y 

to est;ablish proof of fault, "and simply bear their own 

10ssesll. 279 Therefore, where space refuse is involved, 

apPfication of the absolùte liability rationale would reliev~ 

a claimant state of 'the onerous task of establishing fâult. 

(c) Conclusion 

The question of recovery for damage caused by space 

refuse in outer space is not adequately addressed.- Until this' 

situation is rectified, it is meaningless to cons_ider either 
,..JI 

the quantity of damages available or the procedure f~r 
\ 

obtaihing compensation. Damage to the outer space environment 

per se is beyond the scope Of -the Convention. As with the 
1 C 

Registration Convention, the meaning of "space object" is 

extreme1y restricted, excludinq most classes of space refuse . 
1 

At the root of the problem is the failure to give sufficient 

: -P ii~ , -~,,~ ... '>{ 
f>_,' 

~ , consideration to liabilj.ty in outer space when the Liability 

Convention was being drafted. As a' result, it is uncertain-

whether . the scape of the Convention includes space refuse . ., 
Moreover, examinatio~ of the fault-based liability régime of 

Article III reveals that the quest.$ion of -toreseeabi1ity' of ' 
• '. il v-

278 M.S. Smith, "Protecting the Earth and Outer Space 
Environment: Problems of On-Orbit Space Debris" (1982), 25 
Colloquium Law of Outer Space 45 at 50. 

279 Matte, supra, note 35 at 161 • 
.. -
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the scope of el1gible claimants is 

severely limited, the basic elements of fau+t are undefined 
, , -, , 

\ '. and application of the ratidnale fQ~ fault-based liability to 

damage caused by space refuse ia ~ardly justifi~ble. 
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BI REGULATION OF SPACE REFUSE 

1. INTERNATIONAL LAW 

\ 

207 

-, 

The potential and actual barms which have' alreadt 
) 

resulted from man's modification of his Earth-bound environ-

ment may be attributed~Qre to a state of ~nd.than a lackoof 

information. Technological man has always seen himself às~a 

dominator wi_th the ability to chânge and control his natural 

and artif~cial surtoundings as he sees fit. 280 

Legal r~les for environme~tal protection evolved with 

man' s increased understanding of the nature of ecological 

systems and of his place in the terrestrial system-. 281 On Jan 

international level, environmental law has developed from a 

system in which disputes regarding ·.environmental harms were 

settled on an inter-state level, to a true international 

~ystem Where? t is now recognizJed that protection of the 

global environment,is the responsibility of mankind. 282 

Environmental protection' on a universal scale neces-
'" . 

sitates a èonception of man as steward, tending the environ-

280 For an analysis of the concept of man as dominator of 
nature, see W.~Leiss, The DOmination of Nature (Boston: Beacon 
Press, 1974) particularly and J .A. Livingston, One Cosmic 
Instant: Man's Fleeting Supremacy (Boston: Houghton Mifflin, 
1973) generall~. -

"'l 

281 Ecology is, the science which studies the inter­
rélationships between the natural environment and its ele­
ments. For an excellent introduction to this subject, see J.H. 
storer, The Web of-Life (NY: signet Books, ~953). 

,> --

1 • 

282 See Kiss, supra, note--t2S. --~-- -- ---- -- -- -,~ 
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ment for future genelati~ns. 283 This perception is ~loWly 

- . . 
evolving in practice and .is tentatively beginning to replac~ .. 

the idea that the domination of nature is thè inherent r~ht 

of man. 

Man has been carrying out activities in outer space for 

more than 30 years now. . Has he learned his Earthly history 

lessons? To what extent does international ·law provide for 

protection o'f the outer space environment, includinq the Moon 

and other celestial bodies? Article IX of the outir Space 

Treaty will be examined in some detail, since it is said,to be 

the basic provision in space law for environmental protection. 

Applicable provisions in the Moon Agreement and other regal ... 

instruments relating to space law will als'O be considered. 

'" The principles of international environmental law and Article 

VI of the Outer Spa ce Treaty are not addressed here, since 

they fail to establish· ·t~ necessary !='pecific r~gulatory 

régime. 284 

... 
(a) Environmental Protection in Outer Space and 

on the Moon·and Other Celestial Bodies 

(i) The Sci-lab Perception 

. , The attitude of the' scientif ic communi ty toward· outer 
• 

space âuring the ea~ly years of space explo,ration· and 6 use is 
~ 

J 283 Livingston, supra,', note 280 at 154. See alsQ, L. 
~ White Jr., "The Historical Roots of Our Ecologie Crisis" 

(1967), 155 Science 1203. 0 

• 
'.. .( f 

284 For a co~prehensive discussion of international 
responsibility as it pertains to space refuse, see, supr4, A/4.· 
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1/ of seminal importance. l!ow the scientist valued outer space 

had a profound influence on the drafters of outer space law in 

qeneral and Article IX of the Outer Spa ce Treaty285 in 

particular. ~ 

Shortly àfter the 4 Oetoner 1957 launehinq of Spu~ik I, 
-

the question of e~vironmental,- harms caused by outer space 

aetivity was raised. 286 However, the major seientific bodies 
.,.. 

involved with spaee activities were eoncèrned with protecting 
-.. 

the outer spaee environment only insofar as it affeeted the 

interests of their professional endeavours. 

The seientific community in the late 1950s regarded outer 

spaee "essentially' as' a pure scientific laboratory", 287 b~t 

also recognized the possibility that harmful effects eould 

result from experiments in outer spaee288 • consequentlf, te 
, . 

prote ct the unique research opportunities ushered in by the 

spaee age, the International council of Seientific 

Unions (ICSU), a non-governmental organization composed of 
~ 

representatives of international seientific unions and 

national seientifie organizations, fÇ)rmed the Committee orr 

285 Supra, note 1~. 

286 1. Szilagyi, "Protection of the Outer Space Environ­
ment: Questions of Liability" .( 1982) , 25 col1oquium Law of. 
outer Spa ce 53 at 53. 

297 Christol, supra, J.:lote 2 "'at 131. 
~o 

288 I.A. Vlasie, "The '6rowth of Spa ce Law 1957-65: 
Aehievements and Issues", [1965] Yrbk Air " Space L 365 at 

- 391-92. ..-

'" " 
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contamination by Extrater"restrial Exploration (CETEX) .289 

That committee drew attention to the fact that "early explora­

tion attempts or ill-c:onsidered experiments ••• might resul t 

in biological, chemical or radiolog ical contamination of the 

lunar ,or planetary, surf~es ~uch as -, tq complicate or render 

impossible further studies _ of scientific importance". 290 

CETEX sought to discourage space activities which could not 

create or convey meaningful data, while condoning the' risks 

involved in spa ce exploration as long as they c~uld be 

~ justified by the scientific value of the experiment. 291 

Contam,ination was avoided, therefore, to maintain the purity 

of the "newly accessible laboratory". 292 

When CETEX was -disbanded in 1959, ICSU assigned its work 
\.\ 

to the committee on Space Research (COSPAR), a special 

commi ttee of the Council. 293 Inierest and concern about the 
_. 

possible effects of space experiments on "the composition and j 

structure of the Earth' s atmosphere" led COSPAR to establish a 

consu~tive Group on the potentially Harmful Effects of Spa ce 

289 Christol, supra, note 2_ at 132. 

290 UN GAO~ Eighteenth Sessit;»n of the Pirst Committee, 
A/C.1/SR.1345 (COSPARc,Observer, 5 Ifeceïnber 1963) par 2. 

Cl 

291 Christol, supra, note 2 at 132. 

292 Id.' 

293 UN GAOR, ~:Jighteenth Session of the pirst Committee, 
A/C.l/SR.1345 (COSPAR obserVer, 5 December 1963) par 2. 

\ 
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Experiments (COSPAR-CG) ,in May 1962. 294 The mandate of the 

COS PAR-CG included examininq the possible effects of back 

contamination295 and "any proposed experiment or other space 

activities that might have potentia11y undesirable effects on 
, , 

other scientific activities and observations" ,296 dètermini~g .. 
whether these experiment did have a potentially harmful 

effect297 and sUbmitting appropriate recommendations to the 

Executive Council of COSPAR298. 

In its 1964 Rèport to the Executive Council,299 the 
1 

COSPAR-CG conclud&d that some possible pol1uti6n-related 

294 UN GAOR, "Report to the Executive Council _~f t,he-­
Committee on space Research (COSPAR) of the COSPAR Consulta­
tive Group on the Potentially ijarmful Effects of Space 
Experiments", _.International Co-operation. in the Peaceful Uses 
of ,Outer Space [: ] cOJllDli ttee on the Peaceful Uses of -Outer 
Space, rA/578S (13 November 1964) Aiinex" III at 5 [hereafter 
COSPAR-CG report]. 

295 See UN GAOR, COPUOS, ,;First Session of the Scientific 
and Technica1 Sub-committee, A/AC.I05/C.l/SR.4 (COSPAR 
Observer, 29 Auqust 1962) 7. Forward contamination takes 
place through the introduction of undesirable e1ements into 
outer space by sorne form of huma~ intervention, while \back 
contamination arises as a result of the introduction of 
undesirable extraterrestrial matter into the environment, of 
Earth or undesirable use of such matter by' similar human 
intervention; Gorove, supra, note 2 at 55-56. 

296 UN GAOR, Q Eighteen'tih- Session of ("the Pirst comm.i ttee, 
A/C.l/SR.1345 (COSPAR Observer, 5 December 1963) par 2. _ ' 

297 J .A. Johnson, "Pollution and Contamination 'in Outer 
Space" in M. Cohen (ed.), Law'apd Politics in Space (Montreal: 
McGill University Press, 1964) 37 at 42. 

'" .. 
298 UN GAOR, COPUOS, Pirst Session of the Scientific and 

Tecbnica1 Sub-Committee, A/AC.10S/C.1/SR,.4 (COSPAR Observer 1 

=!1 May 1962) 7. 

- 299 COSPAR-CG report, supra, note 294 • 

. t', 
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. 

ai ter~1;ions "cou1d cause interference in fut'tre" experiments or 
1 
can he considered harmfu1 in other ways" and that further 

, 

studies were necessary;300 ,that.no Interference resulted from 

" the project West Ford orbitinq di~ole.s;301 anà· that ~ since 

contamination of the Moon and p1anets raised the question of 

whether terrestria1 \ orqanisms '_ wou1d interfere' with any 

eco10qica1 system, especia1ly that of Mars, it was important 

not to jeopardize "the value of informa'tiôn" that cou1d pe 
l' 

of" Mars3'02. 
' 0 

qaine~ from studies 
, ~ 

COSPAR adopted a œsb1ution qn the hasis of this report, 

which stated that - "harmful contamination" of' the upper 

atmosphere was unlike1y, based on present and exp~cted rates 

of experimenta1 rocket 1aunches: that any future experiments 

similar to West Ford were to be eva1uated by thé scientific 

community pri.or to their initiation to ensure they did not 

interfere with ot,her scientific research; that "a11- practical 

steps should be taken" to avoid contamination of ",Mars until 

ad~quate sta~ards of sterilization we're deve10ped and to set 

temporary sterilization levels for spa ce vehicles enqaqed in 

p1anetary landinq, lunar penetrafi~ .. atmosphere .. deep and 

drilling; and that States should "urqe" the appropriate 

authorities to postpone the launchinq of p1anetary ent!Y and 

300 Ibid., Appendix l at 6 and 8. 

301 Ibid., Appèndix II. Regardinq project West Ford" see, 
infra, telft accompanyinq notes 309-312. 

302 Ibid., Appendix III at 10-11 • 
~ 

1 ~ 
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landing vehicles until there was a-- final determination of 

acceptable .,..sterility levels. 303 1) 

The Sbientific and Tecbnical sub~committee of COPUOS at 
1 

its Third Session in 1964 suppor~ed tt8 COSPAR resolution. 304 

However, the language of this Sub-C i ttee statement con­

slderab1y weakened the effect of th;' COSPAR resolution. 305 

COPUOS adopted this recommendation,306 and in so doing, felt 

that the issue of,.possible interference with space activities 

hadQeen settîed in a manner satisfactory ta aIl concerned. 307 
, • 1 -; 

However, some states, !'l0tably Inciia and the Soviet Union, 
1 

expressed reservations. 30S 
, 1 

1 
- 303 UN GAOR, "Resolution Adopted by the Executive Council 

of COSPAR pn 20 May 1964", International Co-operation in the 
Peaceful Uses of Outer Sp~ce[:] cpmmittee on the Peacefu1 Uses 
lof outer Space, A/5785. (13 Novrmber 1964) Annex II at 1-2 
[hereafter COSPAR reso1ution]. . 

1 

304 UN GAOR, COPUOS, Re~ort of the. Scientific and 
Technica1 Sub-Commi ttee on the Work of Its Third Session (22 
Kay-S ùlune 1964), A/AC.105/20 (3 June 1964) 16. 

_ 305 The Sub-Committee watered down the resolution by (i) 
substituting "full consideration" of the prob1em of possible 
interferenee for "taking aIl practical steps" to avold su ch 
interferenee, sinee the former does not necessitate taking any 
stepsi (ii) enabling Membe,r states' proposing the space 
experiments to decide whether consultation was appropriate, 
and (iii) requiring a standa~d only of "due consideration" in 
evaluating whether to abiàe by any scientific ana1ysis. 

306 UN GAOR, International Co-operation in the '"'peaceful 
Uses of Outer Space[:] Committee on the Peacefu1 Uses' of Outer 

. Space, A/5785 (13 November 1964) par 33. . 

307 UN GAOR, Commi ttee on the Peaceful Uses of Outer 
_Space, A/AC.105/PV.29 (Austria, 30 October 1964) 28. 

308 UN GAOR, COPUOS, Third Session of the Legal < 

Sub-Committee, A/AC.l05/C.2/SR.29-37 (India, 13 March 1964) 80 
and UN ,GAOR: Commi ttee 'on the Peaceful Uses of outer Space, 

~. - .. 
\1 
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Both COSPAR and CETEX, then, were concerned wi th the 
" ' \ 

effects of contamination and' interference on1y in so far as 

they_ wou1d be detrimenta1 to other scientific acti,vities in 

outer space. The 1964 report of the COS PAR-CG , the cor-

responding ,reso1ution of COS PAR ,and the. u1timate adoption by 
. 

COPOOS of the Scientific and Technicar Sub-Committee statement 

lent 1e9a1 credenee to this concerne 

The response of the COS PAR-CG to project West Ford . 
further reinforces _ the view of "the scientific community as 

expressed hy, COSPAR and~ETEX. West Ford was a communications 

expl!riment designed to re1ease from a satellite 350-mi11ion 

long, hair-1ik~ copp~r filaments (dipo1es) which were expected 

to form a narrow helt in space around Earth. 309 The scien­

tific community, fearing that West Ford cou1d possih1y have a 

detrimental effect on "other scientific activities",310 cal1ed 

for a. halt to the experiment unti1 it co~ld be "established 

1. \ 1 

A/AC.105/PV.30 (India, 2 ~ovember 1964) 10: Committee on the 
Peaceful Uses of Outer space, A/AC.105/PV.26 (USSR, 27 Octoher 
1964) 14, and Committee on the Peaceful Uses of Outer Spa ce , 
A/AC.105/PV.32 ,(USSR, 4 November 1964) 9. 

309 Johnsôn, supra; f note 297 at 46. One purpose of the 
experiment was to assess the potential harms of the dipo1e 
be1t "on space activities and other branches of science"; see 
UN GAOR, COPUOS, pni~ed states Space Communication Experiment 

_ (~.,ject West Ford), A/AC.105/15 (6 June 1963) 4- [hereafter 
West. Ford]. 

310 West Ford, ibid., at 6. 
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beyond doubt that no damage [would] be done ~.9 astronomical 

res'earch".311 

The question of possible interference by proj ect West 

ford with other scientific activities was raised at the first 

meeting of the COS PAR-CG in March 1963 , two mont!ls prior to 

the - successful placement of the dipole payload in orbite 312, 

Objections to Project West Ford turned on the perc~ived threat 

to the' safety of future scientific - space - research ~nd ex­

perimentation, with no consideration given to the risk of harn 

to the outer space environment per se. 

This attitude expressed by the scientific community is a 

reflection of what l will calI the sci-lab perception" the .. 
view that tHe value of outer space, including the Moon and 

Qth~r celestial bodies, is limited te its use as a 1aboratory 

for scientific activity and that any proposed space activity 

will be assessed as potentially harmful to the puter space 

environment if 'and on1y if i t threatens the future use of 
\ 

outer space for scientific purposes. 
. 

In other words, outer space is "there ll to be used as the 

us ers see fit and has no value in itself. According to the 
~ 

sci-Iab perception, if rules are to be made for regulating 

contamination in. outer space" they should ensure that space 

311 Jenks, supra, note 109 at 35-36. See a1so, West Ford, 
id. 

312 West Ford, ibi~., 7. However, it should be noted that 
the launch took place bafore the COS PAR-CG announced in 1964 
that the experiment would not have IIsigriificantly harmf~l­
resul ts"; see Jenks, id. 

\ 
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research will '~yield the fruits we aré entitled to expect from 

it".313 The "temptation Qf ••• limitless experimentation" is. 

to be avoided to prevent j eopardiz ing the "heal th and life on 

our planet". 314 Granted, these objectives, are worthy ones; .. 
however, what is missing is ,the idea that protection of the 

outer space environment is an end in itself. ) 

Conceptually, supporters of the sci-Iab perception are 
l 

legal positivists. For them, the predominant use of outer 

space is based on the needs of the State; these needs are 

actualized through the fmposition of legal rules. In con-

tras"t7, environmentalists subscribe to the theory of natural 

law, wherein legal rules are subservient to the nature of man 

and become toc!ls to encourage stewardship of the env ironment 

for ftiture generations -- humankind, space'hnd and whatever 

other life forms may exist in the universe~315 

The sci-lab perception permeated aIl united Nations outer 

space law negotiations for environmental protection, beginning 

with the 1958 General Assembly (UNGA) debates on whether to 

<fi 

313 Jenks, ibid., at 40. 

314 Lachs, sup~, note 119 at 114-15. 

315 Regarding legal positivism and natural law, see N .M. 
Matte (ed.), Space Activities and Emerginq International Law 
(Montreal: Centre for Research in Air and- Space Law, McGi11 
Ur.iversity, 1984) 130-35; regarding "spacekind", see G. S. 
Robinson and H.M. White Jr., Envoys of Mankind: A "Declaration 
of First principles for the Governance of Space Societies 
(Wat$hington, OC: Smithsonian Institution -Press, 1986), and 
rega.=ding the existence of other life forms, see 1. S. 
Shklc. vskii and C. Sagan, Intelligent Life in the Universe'l (NY: 
Dell l?upl~shing, -196~).-

-' > 
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estab1ish a ëonunittee, on the peacefûl uses of ou"t)er space and 
-

concludinq with Article IX of the Outer Space Treaty, which, 

in the opinion of many, is bel ieved to be the bâsic provision 

in the ~nternational law of outer spa ce for protection of the 

outer space environment. As a result, the sci-lab perception 

• isubstantiallY cOlfured the approach,' content and effect of the 

~ final p'roducts of \all thes~ negotiations. 

(ii) Ad ~oc COPuos 

"'The sci-lab p'erception was evident durinq the 1958 UNGA 
- , 

debates which led to the formation of the Ad Hoc Committee on 

'the Peaceful Uses of outer Space (Ad Hoc COPUOS) 316, and also 

influenced the decisions of that committee concerning the 
< 

çontent, extent and rationale of future scientific research in 

" outer space. _ 
",,- , 

No doubt existed that the "ever more frequent excursions 

into outer space which man would make would be first and 

foremost for scientific purposes,,317 and that a11 states had 1 

the right to carry out these scientific activities318 . states 
-

conducting or intending to conduct experi~ents in outer space 

316 {!N GAOR, Eiqhteenth session of the First Committee, 
A/C.l/SR.982-995 (12-24 November 1958). 

317 UN !-iAOR, Eiqhteenth Session of the First: Committee, 
A/C.1/SR.982 (Chile, 12-November 1958) pars 27-28. 

318 UN GAOR, Eighteenth' Session of the First Committee, 
A/C.1/SR.g,87 (Costa Rica, 17 November 1958) par 12. 
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were to prevent harmful contaminat:.ion in arder to "safeguard 

celestial bodies for the sake of science". 319 -

The Ad Hoc COPUOS _ was requested to report to tpe UNGA, 

intèr alia, ~n recommendations for programmes for the peaceful 

uses of duter space. 3~O In its 1959 Report, the Ad Boc COPUOS 

cited contamination as an area for which international co­

operation was neces~ary in order to ensure that various phases . 
of spa ce act~vities could-·be ca~ried out. 321 Since c~rta,in 

space experiments could lead to biologlcal, chemical or 

radiological contamination which mig~t jeopardize fUIthe7; 4C) 

research and endanger possible extraterrest~ial organisms, and 

sinee space vehicles on returning to Earth could contamina-t.e 

the planet with extraterrestrial, lor~nisms, the Committee 

stated it was_"Jesirable" to continue any research in progress 
, 

"witho. a view to arriving at appropriate agreements to minimize \ . 
the adverse effects of possible ·contamination". 322 

. 
\ 

contamination of outer space was to be avoided primarily 

to prevent Earthly material from "interfering with orderly 

scientific researeh". Al though furth,er studies were to be 

eneouraged to prevent this interference and "other hazards ta 

----~' - \ 
319 UN GAOR, Eighteenth Session of the First committee, 

A/C.l/SR.98?. (China, 14 November 1958) par 12. 

320 Question on the Peaceful Uses of outer- Space, UNGA 
Res. 1348 (XIII) 1~ Deeember 1958, par 1(b). 

321 UN ~AOR, Report of the Ad Boc CODIIIlittee- on the_ 
-- Peaceful Uses of outer Space, A/4141 (14 July 1959) 44-47 
[h~re~fter 1959 Report]. 

322 Ibid,", at ~ . 
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health and safety" which might he created by "space explora-.. 
tian activities", these studies -were ~onsidered non-priority 

items, that ois, those items which did "not- yet appear ripe for ~-' 

sOlution".323 

However, the 1959 Report made no mention of other safety 

and health hazat-ds which space activities might create, the 
J' 

dangers that' contamination posed to the outer space environ-
1 • 

t~ 
,-

ment per se, or the need for research to assess the. impact of ' 

contamination on the integrity of th~ Earthjspace ecosystem 

and i ts sub-systems. The programme for prevention of con-

tamination presented in the 1959 Report reflected the sci-lab 

perception by seeking "to p.rotect space agafnst the emergence 

ot conditions that could impede scientific and technological 

investigations". 324 

(iii) 1963 Gener~l Debates 

The 1963 gen~ral debates of COPUOS and its two rdub­

committees further illustrate the influence that the sci-lab 

perception haÇl on drafters of outer space law. 

One representative felt that the Legal SUb-Committee 

shoUld work 

to prevent the use of outer sp~e for expériments 
whioh endangered human life or ich changed the 
space environment in such a way tha the possibility 
of ohtaining more important scient fic information 
was jeopardized. On rare occasions, a major experi­
ment of suc~ ~ _ type might be so importan~ as to be 

323 Ibid., at 69 and 61-

324 Christol, supra, note 2 at ·132. ' 
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desirable in the interests of science, but- it should 
first be discussed artel clearèd. 325 

220· 

One delegation to the Scientific and Technical. s\ll:)-Committee 

included a scient~~t whp was conVi~at-any harm to futur~ 

space experiments resul·ting fram hiqh altitude nuclear' 

eXplosions "would be very insiqnificant in comparison witli the 
\ 

value of the information gained" and that most experiinents 

l' .. " 

. " which had resul ted in contamination of' the upper a tmosphere .. 

"had been of sufficient scientific interes€ to be justi­

fied".326 
( 

More significantly, a recommendation of the Sé1entific 

and Technical Sub-Committee durinq fts SeconÇl Session, 327 

which was subsequently approved by COPUOS, r:cOgn}zed the 

importance of the problem of preventing harmful Interference, 

but limited the scope of this prevention to experiments which 

"may affect present or future scientific activities". Only in 

t,hese circumstances were assurances souqht that the experi­

ments "would not" adversely c~nge the space environment ot 

adversely affect experi_ment~ in space". 328 Therefo1"e, the 

..,1 3 2 5. UN GAOR, COPUOS, Second Session of 't.h~ Leqal ' 
Sub-Committee, A/AC.10S/C.2/SR.22 (India,' 24 April 1963) 7. 

_ 326 UN GAOR, COPUOS i Second Session of the Scientific and 
Technical Sub-Committee, A/AC~ 105/C. l/SR. 12-20 (Canada, 29 May 
1963) 91-92. 

327 UN GAOR, COPUOS, Report. of the Scientific and 
Technical Sub-Committee on the Work of Its second Session, 
A/AC.105/14 (5 June 1963) 9. Il ' 

, 
:; 28 , UN GAOR, International Co-operation in the Peaceful 

Uses of Outer Space[:] -Committee on the Peaêeful. Uses of outer 
Space, A/5549 (24 September 1963) .8. 
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.sci-Iab perception qoverned in COPUOS whe'n decidinq the 

cri teria for avoiding p~tentially - harmful interferenci: 

states supporting the Sub-Cammittee recommendation "based on a 
1 

genuine fear as to the safety of outer space,,329 would be 

forced to accept this limi tat,ion. ,As a resul t, a pivotaI 

recommendation which could have had an influential effect on 

the prevention of potentially harmful interference was 

substantially deflated. 330 

',--
(iv) Paragraph 6 of the Legal Declaration 

Paragraph 6 of tl?-e Legal Declaration331 states: 

In the exploration and use of outer space,. states 
shall be guided by the principle of, co-operation and r 

mutual assistance and shall conduct aIl ):heir 
activities in outer space with due regarg for the 
corresponding interests of other states. If astate 
has reason to believe that an outer space activity 
or experiment planned by it or its nationals would 
cause potentially harmful interference with ac­
tivities of other states in the peaceful exploration' 
and use of outer space, it shall undertake ap-' 
propriate international consultations -before 
proceeding with any sllch activity or experiment. A 
state which has reason to believe that an outer 
space activity or experiment planned by another 

329 UN GAOR, Committee on the Peaceful Uses of Outer 
Space, A/AC.105/PV. 21 (UAR, 12 September 1963) 3 .• 

;330 UN GAOR, Committee on the Peaceful Uses of Outer 
Space, A/AC.105/PV.22 (Italy, 13 September 1963) 3 and 10. 

331 Supra, note 19. The Legal Declaration has been 
accepted by the vast majority of states as evidence of 
customary international: law; $ee UN GAOR, COPUOS, Fifth 
Session of the Legal Sub-Committee, AjAC.I0S/C.2/SR.57 (12 
July 1.966), particularly US at. 5 and USSR at 10. As such, th~ 
principles _ it espouses -- regardless of their qenerality-~ 
are .blnding on aIl states not parties to the Outer Space 
Treaty. \ 

.. 
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state would cause potentially ha):1llful interference 
with activ.ities in the peaceful exploration and ~se 
of outer space may request consul tation concepl1ng 
the activity or experimen~ • 
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.4 paragraph 6 was tll{a first attemi>t to enunciate a prin­

ciple calling fo; Il internatiOÀal consultations in the case of 

" dangerous a~tivit~ies"~; 332 and took C

' into account the recommen-

/ 

-
dations of the 1962 Report of the Scientific and Technic~l 

Sub-Committee, which invited the attention of' Copuos to the 
\ 

"urgency arlfl importance" of preventing. potentially harmful 
\\ 

interferenc~! with the peaceful uses of outer space333 • 
1 

According to this principle, fieedom of spa ce experimentation 

would be limited only to the extent that member states did not 
r 

comply wi th the rules of co-operation and respect for 'the 

int!erests of others. 334 

paragraph 6 was viewed as a statement of principle which 
, 

would guard against any outer space activities that eould 

cause potentially harmful interference with space activities 

of' ~ther states. 335 Al: though Paragraph 6 did ,not include a 

- . 
332 UN GAOR; Eighteenth Session of the First Committèe, 

A/C.~~:=.:4:A~:S,R~n:;::::1 l::::;:t::: in the ~aC\Ul 
Use ~ of Oute~ Space [ :] Additional Report of the corImlitte: on 
the Peacefu1 Uses of outer Space, A/5549/Add.l (27 November 
1963) Annex' (Chairman, , Legal Sub-Committee) 3 [hereafter 
Addi'tional\ Report]. See aJ.so, UN' GAOR, Eighteênth Session of 
the First' commit~ee, A/C.11sR.1345 (Czechoslovakia, 5 December 
1963) par 9). _ 

-- 334 UN ~AOR, Eighteenth Session of the Ffrs't COJIIJIllttee, 
A/C.1/SR.1343 (Hungary, 3 December 1963) par 14. 

, 

335 Addi ~io'nal Report, supra, note 333, ?mnex~) 7. 
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~ , 
procedure for consultation, COPUOS could use this provision as 

"a starting point for working out the necessary preventative 

and precautionary measures and r.r for f inding means for their 

effective in;érnational application". 336 

Objections to Paragraph 6 were raised re9arding both the 

lack of a specifie obligation to consult if proposed experi-
, , 

ments could modify the natural envir-onment of Earth in a 

manner which.would threaten the human race or t~e interests of 

other states,337 and the failure to provide for an interna-. 
~ional authority with pqwer to act if consultations failed338 • 

However, a more important objection was not recorded: Whether 

to undertake international consultation was a subjective 

decision based on the reasonable belief of the state proposing 

the activity, thereby leaving it to the undertaking state ta 

determine whether its activity would cause potentially harmfu1 

interference. 

The principle of co-operation was upheld by aIl during 

negotiations for the Lega~. Dec1arati'on. 339 The ~mportatèe of 

a co-operative effort for preventing-.4' sp,ace actiV'it~ whi'ch 

might impede or make difficult the space activities of other 
,) 

336 UN GAOR, Eighteenth Session of the First Committee, 
A/C.1/SR.1343 (Hungary, 3 December 1963) par 17. 

337 Additional Report, supra, note 333, Annex (Canaqa) 10. 

0- 338 UN GA-gR, Eighteenth Session Of; the First committee, 
A/C.l/S~.1344 (pe~, 4 December 1963) par ~4. 

339 UN GAOR, COPUOS, Second Session of the Legal 
Sub-Committee, AjAC.I05/C.2jSR.22 (USSR, 24 April 1963) 4. 

1 
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states was strongly stressed by the Soviet Union. 340 The "due 
, .... 

reqard,i principle limits the absolute freed6m nf use and 

exploration of outer space, since due regard for the interests 

of other· States requires States to consider the effects of 

thei~ space acti~ities on the world community of s~~s.341 
Paragraph~ 6 establishes a link between the generai 

principles of co-operation and due regard· in sent~nce 1 and 

the two more specifie provisions concerning potentially 

*­ha~ful activities in' sentences 2 and 3.342 This connection 

--I!,mits both the need for co-operation and mutual assistance 

and the interests for which States shouid have due regard, to 

those situations in which consultation is necessary, that: is, 

in cases where states hàve a reasonable belief that space 
-

activities or experiments could harmfully interfere with other 

,space activities. 343 In sentence 2, aState carrying out a 

space activity has an obligation to consult prior to under-. ~ 
taking that activity if that State has a "reason ta believe" a; 

340 UN GAOR: Sixteenth Session of the First committee, 
A/C.1/SR.1210 (USSR, 4 December 1961) par 25 and~ COlIIIIlittee on 
the Peaceful Uses of Outer Space: A/AC .105/PV. 5 (USSR, 20 
March 01962) 11 and -26, and A/Aèl.105/PV.I0 (USSR , 10 September 
196~ 38. " 

341 Severai states acèepted the due regard principle on 
this basis; see UN GAOR, COPUOS, Second Session of the Legal 
Sub-Committee: A/AC.105/C.2/SR.21 (Canada, 23 April 1963) 6 
and A/AC.I05/C.2/SR.22 (24 April 1963) - India at 7 and Japan 
at 12. t 

342 Jenks, supra, note 109 at 40. 

343 R~ardinq the narrow definition of correspondinq 
interests, see~ infra, text accompanying notes 354-357. 

" 
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that the proposed activity could cause potentiallY harmful 

Interference with other space activities. In sentence 3 , 
'. , 
\ 

states other than the state carrying out the activity have a-

right ta re~est consultation if they have "reason to believe" 

that the space activity under consideration could cause 

harmful Interference with other space activities. 

It is important to note that sentenees 2 and 3 refer to 

··space activities" as weIl as lIexperiments". As a result, 

commercial and public service activities as weIl as scientific 

ones are subject to consultation. Therefore, staees may avoid 

consul tation under the ,lIreasonable belief" rule for a greater 
\ 

number of activities. In practical term$( the ability to 

control or prevent possible harmful Interference has been 

diminished. 

More siqnificantly, àpplication of the sci-lab perception 
..1 

is likewise extended: Any proposed space activity 'will be 
_ '1 \ 

assessed as potentially harmful ta the outer space environment 

if and only if it'threatens the future use of the outer space -

for scientific, 
\. .. , 
commercl.al or public service environment 

~ 

activities. It may seem at first glance that increasing the 

scope of activities ~n Paragraph 6 would reduce the risk of 

environmental harm. . However, the fact that the majority of 

activities capable of causinq environmental harm are unlikely 

to threaten the future use of outer space for sciéntific, 
) 

commer~ial or public service activities, makes the possibil~ty 
,f 

of such a reduction remote. 
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Cv) ~icle 10 of the US Draft Treaty and Article 
VIII of the USSR Draft Treaty 

J'1hen us President Lyndon B. Johns,on stated on 7 May 1966 

that a treaty., on general principles of spa ce law was neces­

sary, one principle which he proposed be included was: 

"Studies should be made to- Avoid harmful contamination". 344 
- . 

Several months fol~owing this statement, the united states and 

the Soviet Union submi tted to COPUOS draft proposaIs for 

general principles to qovern spàce law. 

Article 10 of the US Draft Tre~tyo states: 

States shall pursue studies of and, as appropriate, 
take steps to avoid harmful contamination of 
celestial bodies and adverse changes in the environ­
ment of the Earth resul ting 'from the return of 
extraterrestriaa-matt~r.345 

ThE\ first legislative provision sucmitted tq COPUOS for 
\ 

avoidance of contamination, this principle follows the 

suggestion of President Johnson, which likely ,resulted from 

the acceptance of the COSPAR resolution by COPUOS in 1964J 346 

The US Oraft Treaty , containe~ no speci:fic refer~nce ;., 
~ 

Paragraph 6 of th~ Legal Declaration. 

Article VIII of. the USSR Draft Treaty states: 

In the exploration and use of ... outer space, States 
Parties to the Treaty shall be quided by the 

'principle of co-operation and mutual assistance and 
shall conduct aIl their activities in outer space, 

d 

344 Oembling, supra, note 139 at 6. 

345 UN GAOR, COPUOS, ·-Draft Treaty concerning' the Explora­
tion of the Moon and Other Celestial Bodies, A/AC.105/C.2/L.12 
(US, Il July 1966) [hereafter US Draft Treaty). 

346 See, supra, text accompanying notes 303-308 . 
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including activities on celestial bodies, with due 
regard for the corresponding interests of other 
states. states Parties to the Treaty shall conduct 
research on celestial bodies in s~ch a manner as to 
avoid harmful contamination. If a state Party to 
the Treaty has reason to believe that an outer space 
activity or.experiment planned by it or its nation­
aIs would cause potentially· harmful interference 
with activities of other states Parties in the 
peaceful exploration and use of outer space, 
including activities on celestial bodies, it shall 
undertake appropriate international consultations 
before proceeding'with any such activity or experi­
ment. A State Party to the Treaty whic~ has reason 
to believe that an outer space activity or experi­
ment planned by anot:her State Party would cause' 
potentially harmful intèrference with activities in 
the peaceful exploration and use of outer space). 
including activities on celestial bodies, may 
request consultation concerning the aetivity or 
exper iment • 347 

This provision broàdened the J scope of Paragraph 6 of the 
" 

Legal Declaration by includinq a specifie reference to 

acti vi ties on ceîestial bodies, thereby ensuring that ac-
1 

tivities in outer' spac;e included activities on celestial 

l bodies. The introduction- of the principle of avoidance of 

contamination in sentence 2 pafallels that of Article 10 in 

th:e us Draft Treaty and can also likely be attributed to the 

acceptance by COPUOS of the COSPAR resolution. . , 

A comparison of sentence 2 of USSR Article VIII with US 

Article ~O is revealing. The scope of activities is broader 
" 

.in Article 10. 
p 

"Studies" in Article 10 includes "research" in 

sentence 2 of Article -VIII as weIl as commercial and govern-

347 UN GAOR, COPUOS, Draft Treaty on Principles Governing 
Activities of States in the Exploration and Use of Outer 
Space, the Moon and Other Celestial Bodies, A/AC.I05/C.2/L.13 
(USSR, 11 July 1966) [hereafter USSR Draft Treaty). ' 
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ment-sponsored activities. The use of "studies" is siq-

nificant, since' scientific, commercial and public service 

activities are all bound by the contamination avoidance rule. 
"l. 

Furthermore, a parallel is achieved with the "space activity" 

and "experiment" categories. for which consultation is deemed 

necessary. 
(~ 

The type: f and scope of contamination to 
.1j>o 

be avoided 
1 

differs. Sentence 2 of Article VIII is ambiguous in the type 

of contamination it proh!bits. Inclusion of forward con-

tamination is almost certain, while back contamination mayhe 

inferred since "to avoid harmful contamination" has~ no 
1 

indirect objecte While Article 10 is'more specifie, providing 

for both forward and back contamination, the dut Y there is 

--..)-less strict. Only "steps to avoid" contamination nee~ be 

taken, whereas it is ~andatory that contamination be avoided 

in sentence 2 of Article VIII. "Steps to avoid" could mean 
l -, , 

'that conta]l1ination resulting from an activity would he 

permissible, notwithstanding the steps taken to avoid the 
~ 

contamination, thereby n6llifying any recommended contamina-

tion procedure. However, regardless of whether a strict 0I\ 

narrow interpr~tation is applied, it is the sci-lab percept~on 

which will ultimately determine what' types of contamination 

will be avoided -- those which prevent _] future spa ce ac-

tivities. 

Sentence 2 of Article .vIII does not conta in specifie 

references to either the Moon or outer space. Therefore, 

.. ) 

" 
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sentence 2 may be interpreted to mean that harmful cOntamina­

tion is 'to be avoided only on celestial bqdies other than the 
-

Moon . This provision could me an that when carrying out 

- research on the Moon and in outer space, states need not avoid 

harmful contamination as long~ as the co-operation and due 

regard requirements of sentence 1 are met. In Article 10, the 

contamination to be avoided varies with the location: "Harmful , 
~ l"'Q\- • 

contamination" is to be avoided on celestial bodies, while 

"adverse changes," are to be avoided on Earth. The use of il 

different expression for each location raises serious con-

cerns. Sinee adverse changes (for example, transformation of 

planetoid geography by an accidentaI explosion) may. not 

necessarily constitute harmful contamination, sueh changes 

.. 

could be permitted on celestial bodies. Similarly,. importa­

tion. to EaE of an, extraterrestrial organism, whien results 1. 

in harm'ful contamination (for example, elimination of a bird 

speeies) w uld be permissible as long as adverse changes (such 

as permanent poisoning of the terrestrial water supply) do not 

occur_ In addition, as with sentence 2 of Article ~III, the 

lack of specific reference to the Moon and outer space implies 

that harmful interference need "-not he avoided there. ':7. 
{ [ 

Both proposaIs are enlightening f~r what they d~fnot say. 

Nei ther considers a standard for permissible interference, 

mentions the avoidance of specifie activities, nor makes it 

mandatory to avoid aetivities which could harmfully con-

1 

-j 

i 
1 
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taminate the outer space environment per se. Furthermore, no 

prohibitions are invoked. 348 1 

These omissions illustrate the application of the sci-lab 

perception to treaty drafting. Because COPUOS had approved 

the COSPAR resolution, the US and USSR drafters were faced 

with, the political necessity of incorporating into their 

~spective texts a ru1e for avoiding harmful contamination. 

The resul ts of thei·r efforts ensure that any sector of the , 

outer space environmentlwil1 be preserved for future commer-

cial, pUblic service or scientific act'ivity. For examp1e, 

consider the situation where contamination from a commercial 

activity irreyersibly transforms the eco10gica1 balance of a 

celestial body. If that celestia1 body were unfit for future 

commercial, public service or scientific activity, 'the rule 

would be. breached. ' In no other case wou1d a 1egal sanction 

apply. This change would not be considered "harmful con-
l, 

tamination" if the three uses. mentioned above were still 

possible: and even if the cont~ination were corisidered 

harmfu1, it cou1d be argued that any bona fide efforts taken 

to avoid contamination failed. Any attempt to protect the 

environment of that ce1estial body would be either incidental 
.... 

or temporary, based on the need for future use. 

(vi) Article IX of the Outer Space Treaty 

Article IX of the Outer Space Treaty states: 

348 Ko1ossov, supra, note 6 at 53. 
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In the exploration and use of outer space, inG~uding 
the Moon ànd other celestial bodies, states Parties 
to the Treaty shall be guided by the principle of 
co-operation and mutual assistance and shall conduct 
aIl their activities in outer space, including the 
Moon and other celestial bodies, with due regard to 

231 

the corresponding interests of aIl other states 
Partie's to the Treaty. states Parties to the Treaty 
shall pursue studies of outer space, including the 
Moon and other celestiàl bodies, and conduct 
exploration Of them so as to avoid their harmful 
contamination and also adverse changes in the 
environllient of the Earth resul ting from the intro­
duction of extraterrestrial matter and, where 
necessary, shall adopt appropriate measures for this 
purpose. If a state Party to the Treaty has reason' 
to believe t~at an activity or experiment planned by 
it or its nationals in outer space, including the 
Moon and other celestial bodies, would cause 
potentially harmful interference with activities of 
other states Parties in the peaceful exploration and 
use of outer space, including the Moon and other 
celestial bodies, it shall undertake appropriate -­
international consultations before proceeding with 
any such activity or experiment. A state Party to 
the Treaty which has reason to believe that an 
activity or experiment planned by another state 
party in outer space, including the Moon and other 
celestial bodies, would cause potentially harmful 
interference with activities in the·peaceful use and 
explor&'t:ion of outer space, including the Moon and 
other celestial bodies, may request consultation 
poncerning the activity or experiment. 

't 

The sci-Iab perception goes to the root of Article IX--

harmful activities, that is, those space activities which 

'contaminate and those which interfere with other space 

activities. Severai commenta~s have pointed out the 

diff icul ties of defining "harmful", "contamination" and 
\ 

"interference",349 and have assumed that· scientists will 

,349 See, eq, Gorove, supra, note 2 at 62-63; G.C.M. 
Reijnen, "Some Aspects of Envi,ronmental Problems in Spa ce Law" 
(1977), 26 zeitschrift für Luft und Weltraumrecht 23 at 23; 
KOlossov, ibid., and Dembling' 1md Kalsi, supra, note 158 at 
140-41. For the deflnition of contamination, see, intra, text 
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ultimately be the ones to define these terms350 • However, the 

sci-lab perception provides . the test for "harmn , a test which 

has nothing whatsoever to do with science. An activity will 

be harmfu~ only if it interferes with the future use of outer 

s~ace, ~the Moon and other ce~estial bodes for space ac-

tivities. This rule is based on the short-term goals of man, 

not the laws of nature as interpreted by the scientiste 

Therefore, harmfulJinterference and harmful contamination have 

no direct connection with environmental concerns. Environmen-

tal protection in Article IX is only a fortuitous by-product. 

Although it attempts to regulate the unfettered freedom , -

to use and explore the outer space environment,351 Article IX 
-

is ineffectual as an environmental protection regulation 

because the approaoh when drafting the text was from the sci­

lab perspective, not from an environmental point of view. 

From an environmental perspective, protection of the out~r 

space environment and it"s sub-systems is the priority. 
\ 

The 

regulator examines the total system uhder consideration, 

identifies the needs of the system and provides rules to 

manage that system ~ an ecologically beneficial manner. 

These rules would prohibit or limit ~ctivities if those 

accompanying notes 410-415. 
~ 

350 See, eg, M. Miklody, "Some Remarks on the Status of 
Celestial Bodies and P~Qtection of the Environment" (1982), 25 
Cclloquium Law of Outer Spa ce- 13 at 13 and~embling and Kalsi, 
ibid., at 140. 

351 Gorove, supra, notê 2 at 60. 
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t 'activities would harm the system. Accordingly, total classes 

1 

of activities could be eliminated. with a sci-lab appro&ch, 
" 1 

the utility of the activity prevails. The regulator looks ta 

the activity, then provides rules-to prohibit or limit that 

activity to the extent that it will impede the future use of 

the system for other activities. consequently, since all 

activities are prima facie acceptable, the scope of delimita-

tion ls much narrower. 

For example, s~pose space mining aétlvities occur on a 

celestial body. Following exploitation, strip-mining has 

defaced the celestial body, outer space itself is contamina-
,-

ted, but further m~ning' is t possible., Under Article IX-, no 

rule or regulatfon h,as been broken. From an environmental 

, perspective, th~ activity would likeiy have been prohibited 
,1 

or, if ~ermitted, would have been limited sa as ta avoid harm 
,,-

to the celestial body and its surrounding space environment • .. 
--Sentence 1 of Article IX serves as ~ an example of the 

practical application of "the principle of international co-
. / 

operation and mutual assistance, which was considered to be 

the Jteystone of the Outer Space Treaty.-352 From this basic, 

treaty principle could be derived the dut Y of States to 

/ . 

352 UN GAOR, Twenty-First Session of 'the First committee, 
A/C.l/SR~1493 (Belgium; 17 Deoèmber 1966) par 49. 

.. 
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prevent contamination and to co-operate in Bcientific re-

search. 353 

The princ~ple· that due r~ga~d should he 9i ven to the 

corresponding interests of states was considered to be "one of 

the most important points" in space law. 354 However, these 

corresponding interests -are severely limited in Article IX for 

three reasons. First, unlike Paragraph 6 of the ~gal 
;. 

Declaration, which applies to all states, Article IX of the 

Outer Space Treaty applies only to states parties to that 

treaty.355 Second, as the representative of France contended, 

"correspondi.ng interests" are restricted to potentially 

harmful_i~terference with spa ce activities, harmful contamina­

tion to celestial bodies and adverse changes tq the environ-

ment of Earth- from back contaminatJon caused by extrater-

f ' 

restrial organisms. 356 He _argued that concern for corres- \.-

ponding interests should also account for certain effects on 

the territories of States in the broad~stp sense, including 

terr!~orial waters, airspace and land-based installations, and 
..J 

353 UN GAOR, COPUOS, Fifth Session of the LegaJ 
Sub-Committee, A/AC.105/C.2/SR.60 (Argentina, 15 July 1966) 2-

• 3. ~ 

, -

354 UN G~OR, COPUOS', Fifth Session of the Legal 
Sub-Committee, A/AC.105/C. 2/SR. 68 (Canada, 26 July 1966) 10 
[hereafter Article IX debate]. 

-~ 355 The issue as to the rights and obligations of non­
party states under the Outer Space ~reaty is unresolved: see 
UN GAOR, COPUOS, Fifth Session of the Legal Sub-Committee, 
A/AC.105/C.2/SR:7} and Add.1 (Romania, 4 August 1966) 18-19. 

356 UN GAOR, committe~ on the Peaceful Uses of outer 
Space, A/AC.105/PV.47 (France, 17 April 1967) 27. 
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should specifically inçludè'possible harmful effects resulting 
...... 

trom direct broadcast satellites, weather modificat~on,~ 

"certain uses of high a~ ti tude photography" and congestion in 

outer space res~ting from overcrowding of satellites, radio 

frequencies and spent satellites. 357 Third, the sci-lab test 

for "harmful" further delimits the corresponding interests by 

not restricting those a~tivities which, while,. not posing a 
. 

risk to futurê space acti 'rities, may harm the outer space 

environment. 

The contamination provision ~n sêntence 2 of Article IX 

refers to forward and back contaminatl~n,358 thereby combining 

US Article 10 with sentence 2 of US SR Article VIII. Front 

contamination is to be avoided in outer space and on tl,e Moon 

as weIl as celestial bodies. 359· The provision in us Article 
,.-

10 for "taking steps to aVj)id ha-rmful contamination" where 

-
appropriate was mod~fied and incorporated into sentence 2 of . . - -

Article IX to al10w for the adoption of appropriate measures, 

where' necessary, . to avoid both harmful contamination in t/e 

.. 

357 See also, Christol, supr.a, note 2 at 139, citing J. 
sztucki, . "Intet-national Consultation and Space Treaties" 
(i975), 17'collo~um Law of Outer Space 159. 

358 Artlcle IX 'debate, supra, note 354, USSR at 3 and UN 
GAOR, COPUOS, Fifth f Session of the Legal Sub-Committee, 
A/AC.I05/C.2jSR.63 (US, 2D July 1966) 2-3. 

" 

359 Article IX debate, id. 
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space environment and adverse changes to, the 

environment of Earth caused by back contamination.30~ 
u 

- . 
A bid by the Japanese delegation ta have sentence 2 of 

Article _lX amended to inc1ude more detai1ed reÇJÙ1ation of' 

contamination361 was rejected. It was felt that sinee the 

issue of forward and back contamination was at an early stage 

of development and sinee the COS PAR-CG was consultinq on the~ 

matter, care had to be taken not to estab1!sh "too rigid 
• 

procedures" which might hinder future research. 362 The 

Japanese delega€ion, however, was not ,convincéd that 'its 

proposal was covered by reading the due regard 'principle 
<> - ,.,.. ~ 

together with the proposed ,contamination provision, as "~ome 

de1egations" had suggested. 363 Rather, the Japanese de1ega­

tion ft s~_spected that the space powers tJad not accepted i ts 
~-
amendment main1y because they feared that it might tie their 

hands in future" ac~ivities on ce1estial bodies .. -. 364 

360 For a plea to exp and the scope for avoidance of 
contaminatioQ, see b the statements o.f the representative of 
India in UN GAOR, COPUOS, Fifth Se,ssion of the_ Legal Sub­
Committee: A/AC.10S/C.2/SR.71 and Add.1 (4 August 1966) 9 and 
A/AC.f05/C.2/~R.71 (4 August 196?) 23-25. 

36l. Artié1e -IX debate, supra, note 354' at 6 and UN GAOR,' 
COPUOS, Fifth Session of the Legal Sub-committ~e, 
A/AC.105/C.2/SR.58 (Japan, 13 July l.96~) 7. 

v 

, 362 Article IX debate, ibid., US at 7 •. 

363 UN GAOR, COPUOS, Fifth Session of the Legal 
Sub-Committee, A/AC.105/C.24PR.71 (Japan, 4 August 1966) 38-40. 

364 UN GAOR, COPUOS, Fifth Sessio~ ~f the Legàl 
_ Sub-Committee, A/AC.10S/C. 2/SR. 71 and -:Add. 1 (Japan, 4 Auqus~ 

1966) 13., 
.. 

-1 
! 

• l~ ,.l 
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Perhaps môS4: importantly, the 1 category of activities for 
~ 1 

which harmful contamination was té) be avoided was widened to 

include exploration as weIl as rrsearch, combining "pursue 

studies" from US Article 10 and "~onduct research" from USSR 
J 

Article VIII. As indicated above, "studies" could include 

~ommercial, public,service and sCiJntific activiti~s. Indeed, 
1 , 

Article IX of the Outer Space 'l1reaty refers to "pursuing 

I~ studies" and "conducting exploration", totally eliminating the 

• 

1 

more restrictive concept of "resea'tch" , and, in so doing, 

extends the avoidance of harmful contamination to Gommercial 

and public service activities in addition to scientific 

activities. 

Sentence 2 offers no direct protection for the outer 

space environment. statefs undertaking scientific, commercial 

or public service space activities are obliged to avoid 

harmful forward and back contamination and to adopt measures, 

where appropriate, for avoiding such contamination. However, 

the test for "harmful" is based on the sci-lah perception and -;; 
its future-use standard, even though the safeguards contained 

( in the principle of av~ida~e of harmful contamination were 

considered to include maintenance of a contamination-free 

outer space environment as a legitimate interest365 • 

In addition,' it was never intend~d jhat th~ protection 

offered by sentence 2 would apply to the environments of outer 

(-' 
365 UN'GAOR, Twenty-First Session of the First Committee, 

A/C.l/SR.1493 (Sweden, 17 september 1966) '26 • 

, ' 
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space, the Moon and celestial bodies per-se--A1-though ~t was 

suqqested that possible environmental' harma should be gi ven a 

priori ty rankinq, this listing- was only to avoid interference 

of o~e activity with anothe~;366 althou'1h the' freedom of 

states to use and ,explore outer spape was limited to non­

threatening activities, threa11ened activities included only' 

those which impinged o~ State (so~ereignty:367 and althouqh it 

was argued that State parties should exercise "maximum 
.. 

care" 3 68 to preserve the resources and milieu of celestia~ 

bodies,369 this preservatIon was solely to further scien~ific 

utility 370. Moreover, 

thereby a 11 ow ing for 

no activity ia barred, 
~ 

harmful contamination 

only avoided, 

by default; 

although avoidance may be the intent, it need not· be the 

result. Therefore, wideninq the scope of activities subject 

to the avoidance of h_armful contamination only served to 

legitimize contaminating activities, thereby allowing for a 

grea~r possibility of enviro~ental harms in outer space and 

on the Moon and other celestial bodies. 

366 UN GAOR, COPUOS, Fifth,Session of the Legal 
Sub-committee, A/AC.10S/C.2/PR.7 (Fran~e, 17 April 1966) 26. 

367 Ibid., at 27. 1 
368 UN GAOR, COPUOS, Fifth Session of the Legal 

Sub-committee, A/AC.105/C.2/SR.71 and Add.1 (Japan, 4 August 
1966) 13. ' 

369 UN GAOR, COPUOS, Fifth Session of the Legal 
Sub-Committee, A/AC.l05/C.2/SR.58 (Japan, 13 July 1966) 7 and 
Article IX debate, supra,' note 3'54, Japan at 6. 

370 Article' IX debate, id. 

, ' '\ 
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The dut Y of States to iml'0se limits on space àctivities 
, 

which may cause harmful contamination is~, ambiquous and 
-' > 

minimal. Regulations must he appfopriate -- where necessary. 

Althouqh the test for .necessity is not explicitly subjective, 

the neqotiating history of Article IX and i ts resul ts belie an 

objective test, especially when the "reasonable belief" test 
. 

for consultation is taken into ·account. In any case, the sci-

lab perception will govern what measures are appropriate; 

whether the test is subj ecti ve or obj ecti ve becomes a matter' 

of the quantity of contamin_~tion, _ not the quality of the 

environment. 

Sentences 3 and 4 apply to scientific, commercial or­

public service space activitie~ which may cause p~tentially 

harmful interference wi th space acti vi ties of other Sta:tes. As 

a consequence of the sci-lah perception, harmful interference 
, 

ar~ses only where the future use of outer space, the Moon and 

other çelestial boaies for space activities will be prevented. 

Once aq~in, environmental protection is incidental. 

The consultation principle incorporated into S't;r..tences 3 

and 4 of Article IX provides a forum for the scientific 
\, ., 

analys,is of activi ties which could cause potentihlly harmful 

interterence. This provision differs trom USSR Article VIII 

only to the extent that the scope of exploration and use is 

widened to include the Moon as well as outer space and ether 

celestial bodies. 
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Th~ consultation provision in both sentences was intended 

to serve a double duty. Not only would appropriate cO~~lta­

tions be required ~f activities or experiments of one state 

miqht interfere with activities of other states, but every 
• 

Staj:e party undertaking, such an activity "would be obligec;i to , 
transmit to other parties information on these activities". 371 

For -a sentence '_3 consultation to arise, the state 

undertakinq the consultation must have a reasonable belief 
• f 

that its space activitY'_ ~ould prevent the future use of outer 

space for commercial, 'public service or scientific activities. 

If SUCi:h a consultation situation arose, astate ùndertaking 

consul tation would be obliged to provide information as to the 

nature of the activity or experiment for' which consultation , 

1. was sought. However, there is no J;'equirement ~hat the 

information be either complete or delivered in time for 

sufficient study prior to consultation. 

In addition, no procedures for consultation or disputes 

arisinq therefrom are ~ated in sentence 3. Since Article 

III of the Outèr Space Treaty provides that spa ce activities 

are to be carried out in acq9rdanêe-·~.lith international law, 372 
- -----~-

states could apply--the dispute resolution procedures developed 

ûnder international law and provided for in Chapter VI of the 

UN Charter. However, to, invoke establis~ Earth-bound 
\~ 

371 UN GAOR, COPUOS, Fifth Session of the Legal 
Sttb-Committee, A/AC.I05/C.2/SR.68 (USSR, 13 July 1966) 7. 

372 For the text of Article III, see, supra, note 1'1.8. 
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procedures for resolution of outer space disputes may distort 

---- the issue to fit the procedure. Different characteristics of 

outer space and terrestrial environments demand different 

approaches. 373 

In sentence 4, for 'a state ta accede to a request for , 
consultation, the requesting .state must have a reasonable 

belief and must demonstrate that the spa ce ·'activity of the 

undertaking State could cause potentially harmful interference 

with the space activities of other states: that ls, the 

acti vi ty would prevent the future use of outer space for 

commercial, public service or scientific activities. If and 
l 

when aState acceded to such a request, the requesting State 

would. have a right to receive from the accading state any 

- additional information as to the nature of the activity for 

.which consultation was sought. But as wi th a sentence 3 

consultation, this information need be neith'er' complete nor 

timely. Also, consulta.tion procedures are lacking. 

Sentence 4 suffers fr~ an additional weakbess in that it 

provides no' obligation for the State undertaking the activity 

to accede to the request for consu1tation. 374 However, it has 
. 

been argued that sinee' the outer Space Treaty !las compu1sory 
i 

force, nit would \, therefore be compulsory to cpmply wi th 

373 H. DeSaussure, "Maritime and Space Law: 'Comparison 
and Contrasts (An Oceanic View of Space Tr{lnSport)" (1981), 9 
J Space L 93 at 103. See also, Matte, supra, note 315 at 175-

=-79. ( 
" .. 

374 Article IX debate, supra, note 354, Lebanon at 9. 

t 
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requests for which it provided". 375 On this hasis, accession 

to a request for consultation would be compulsory if the 

requesting state could demonstrate that potentially harmful 

interference would result from the proposed activity. But as 

with the information provision, the lack of a time element for 

initiating consultation following such" a request effectively 

negates its compulsory force. 

states wishing to protect the outer space environment per 

se will fall under the sentence 4 provision, but only if they 

are parties to the outer Space Treaty. Non-party states have 
- , 

o 

no standing under the Treaty, al though' they may be able to 

invoke Paragraph 6 of the Legal Declaration since its prin­

ciples have be~ accepted by almost all states as indicative 

of international customary law. 376 Al though the reasonable 
, 

belief test seems to be to the advantage of a requesting State 

in an environmental protection context, the sci-lab perception 

mi tigates against the success of a request to consul t: The 

requesting State must convince the undertaking state on the 
d 

basis of the sci-lab test that its space activity could cause 
. , 

potentially harmful interference; since environmental protec-

tion stands outside the utili tarian nature of the sci-lab 

375 Ibid., USSR at 9. 

376 It is reasonable to assume, however, that any stat( 
in a position to undertake space activities will become a 
party to the Outer Space Treaty prior to the time when _ i ts 
space activities are operational. 
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perception, success in preventing such an aetivity on purely 

ec~loqical qrounds is out of the question. 

Finally, states carrying out spaceJ activities which 

resul t in harmful contamination will only e under a dut Y to 

consult if those activities also cause potentially harmful 

interference with other sP,4ce activities. As with other 

instances of potentially harmful' interference, the sci-lab 

perception narrê?ws', the' application of this dut Y to consult to 

those instances in which future space activities would be 

prevented. 

(b.) Envi:ç:onmental Protection on the Moon 
and Other Celestial Bodies Elaborated 

(i) Article 7 of the Moon Agreement 
. . 

Article 7 of the Moon Agreement377 enhances the environ-

mental obligations found in the Outer Space Treaty through the 

'expression of specifie standards of behaviour to be followed 

on the Moon and other eelestial bodies. 378 

• 
377 Supra, note 108. 

378 Sterns and Tennen, supra, note 147 at 13-l,,4~ ..... 
The progressive development in the Moon Agreement of 

specific provisions for environmental protection, based on the 
foundation established by the more general principles of the 
Outer Space Treaty, is consistent with the approach adopted by 
the UN for the orderly development of space law. According ta 
this procedure, the broad guidelines of the Outer Space Treaty 
evol ve when necessary in order to account for scientific and 
technological change or to resolve specific problems; see E. 
Galloway, "Agreement Governing Activities of states on the 
Moen and Other Celestial Bodies" (1980), 5 Annals Air & Space 
L 4181 at 481-83. The Moon Agreement is one instance of the 
application of this procedure, with the ~num~ration of 
principles for environmental protection on the Moon and other 
celestial bodies being only one of several legal issues 
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Article 7 par 1 state_s: 

d In exploring and using the moon, states Parties 
shaii take measures to prevent the disruption of the 
existing balance of its environment, whether by 
introducing adverse changes in that environment, by 
i ts harmfui contamination through the introduction 
of extra-environmentai matter or otherwise. states 
Parties shaii aiso take measures to avoid harmfully 
affecting the environment of Earth through the 
introduction of extraterrestrial matter or other­
wise. 

244 

This paragraph overcomes Many of the deficiencies found in 

sentence 2 of Article IX of the Outer Space Treaty 379 by 

supplementing "practically aIl lacuna' s [sic] and controver­

sies" found therein380 • 

"Prevent disruption" is more comprehensive381 than the 

dut Y in sentence 2 of Article IX to avoid harmful contamina-

'tion in outer space and on the Moon and other ceiestiai 

bodies, and adverse changes to Earth, since both "harmful 

contamination" and "adverse changes" must be avoided on th~ 

Moon. Moreover, the obligation to avoid these- activities is 

addressed in the Agreement; see N.M. Matte, "Legal Principles 
Relating to the Moon" in Jasentuliyana and Lee, supra, note 
38, 253 at 253-55. 

379 Jasentuliyana, supra, note 178 at 394 and Qizhi, 
supra, note 211 at 1-2. 

380 H. L. van Traa-Engelman, "Environmental Hazards from 
Space Activities: status and Prospects of Environmental 
Control" (1982), 25 Colloquium Law of' Outer Space 55 at 59. 

381 sterns nand Tennen, supra, note 147 at 13. 

\. 
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now of "minor imp~rtanc~" ,382 since "or otherwiae" ia intended 

to cover aIl forms of dis.ruption383 • 

By stating that the "existing balance" of Moon' s environ­

ment is not to be disrupted 1 Article 7 moves away from the 

-.- utilitarian demands of the sci-Iab test and invites a scien-

tific defini tion of "disruption", based on e~ological prin-

ciples. ~rthough 'no specifie standards are enumerated for 

determining when an' activity contravenes the general obliga-
-

tion to prevent disruption of this existing balance,384 the 

objective nature of scientific definition wil~ increase the 
1 • 

likelihood of,agreement on this determination . 

. Artic1e 7 par 2 of the Moon Agreement states: 
f 

stat~s Parties shall inform the Secretary-General of 
the United Nations of the measures being adopted by 
them in accor.dance with paragraph l of this article 
and shal1 also, to the maximum extent feasible, 
notify him in advance of a11 placements by thenr of 
radioactive materia1.s on the moon and the purposes 

\ of such placements. 

Unlike sentence 2 of Article IX which calls for adequate 

regu1atory measures, where necessary, the Moon Agreement 

obliges its states Parties to give notice of aIl preventive 

measures taken, the.reby increasing the effectiveness of the 

dut Y to prevent disruption385 . Also 1 this paragraph irop1 ies 

" that states must "take precautions for aIl missions" in order 

382 van Traa-Engelman, supra, note 380 at 59. 

383 Qizhi, supra, note ,211 at 2. 

384 Jasentuliyana, supra, note 178 at 394. 

38S'van Traa-Engelman, supra, note 380 at 59. 
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to prevent disruption. 386 While notice of preventive measures 

may be ex'post facto, advance notice is necessary for place-

ment of radioactive materials. Ho~ever , the effect of this 

advance notice is weakened, since it need only be given "to 

the maximum extent feasible". -As"-any state will probably be­

aware of any placement of radioactive materials well in 

advance of undertaking the activity, there should in principle 

be no need to delay notice. 

rohe scope of the Moon Agreement encompasses the Moon, 

"orbits around or other trajectories to or around [the Moon]" 

and other celestial bodies in our solar system without their 
, 

own specifie- legal régime. 387 Therefore, -protection of the 

outer space environment per se and celestial bodies outside 

our solar system is excluded. Also, there is no guarantee 

that celestial bodies in our solar system, which may have 

separate legal régimes in the (uture, will be given Article 7 

protection. 

The inclusion of orbits and trajectories of the Moon 

within the scope of the Agreement could offer extensive 

386 sterns and Tennen, supra, note 147 at 13. 

387 Article 1 of the Moon' Agreement, supra, note 108, 
states in part: 

1. The provisions of this Agreement relating to the moon 
shall also apply to other celestial bodies within the 
solar system, other than the earth, except in so far as 
specifie Iegal norms enter into force with respect to any 
of these celestial bodies. 
2. For. the purposes of this Agreement reference to the 
moon shall include orbits around or other trajectories to 
or around i t . 
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l;>rotection for the near-Earth environment, depending on how 

Article 1 par 2388 is interpreted. If orbits and trajectories 

are construe~ ,as ar~as of space rather than isolated locations 

in time, the scope of the Agreement could take in "aIl space . , 

in the pl~ne of the Moon' s orbi t around Earth and enclosed in 

that orbit, since a trajectory to the Moon may be plotted 

anywhere in that plane". 389 

(ii) Article 15 par 2 of the Moon Agr~~ment 

Article 15 par 2 of the Moon Agreement390 provides that a 

state party may request consultation if it reasonably believes 
. 

that another State. party has breached i ts duties under the 
~ . 

Agreement-or is interfering with the rights of the requesting 

state under the Agreement. It is mandatory that the State 

receiving this request enter into consultation without 'delay 

388 Id. 

389 Swenson, supra, note 181 at 81-82. 

390 Article 15 par 2 of the Moon Agreement, supra," note 
.. 1.08, states: 

A State party which has reason ta believe that another 
state Party is not fulfilling its obligations incumbent 
upon' it pursuant to -this agreement or that anotller state 
Party ls interfering wlth the rights which the former 
state has under this agreement may request consultations 

,with that State Party. A State Party receiving such a 
rèquest shall enter into su ch consultations without 
de~ay. Any other State which requests ta do sa shall be 
enti tled to take part in the consultations. Each state 
Party participating in such consultations shall seek a 
mutually acceptable resolution of any controversy and 
shall bear in mind the rights and interests of states , 
Parties. The Secretary-General of the United Nations 
shall be informed of the results of the consultations and 
shall transmit the information rec~ived to all states 
Parties concerned. ' 
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and attempt to seek a mutually acceptable settlement. If such 
Il' 

a settlement is not, reached, the states invol ved must use 

appropriate peaceful méans to settle the dispute. 391 

This provision eliminates several ambiguities - found in 

sentences 2 and 4 of Article IX of the Outer Space Treaty392. 

On the Moon, consul ta~ion may he requested for aIl instances 

of c~ntamination, not just those which 6re both "harmful" and 

cause "potentially harmful interference". Article 15 par 2 ' 

also extends the consultation procedure to any activity 

causing potentially harmful interference, if that activity 
w 

would also disrupt the existing balance of the Moon's en~iro,-

ment. As a-~result, activities which would have heen excluded 

under Article IX of the Outer. Space Treaty, due ~'o the sei -lab 

l' 

",' 
391 Article, 15 par 3 of the Moon Agreement, --~ ibid. , 

states: 
If the consultations do not lead to a mutually acceptable 
settlement which has due regard for the rights and 
interests of aIl states Parties, the parties _ concerried 
shall- take aIl measures to settle the' dispute by other 
peaoeful means of 'their choice appropriate to the 
circÛlnstances and the nature of the dispute. If dif­
f~ulties arise in connection with the opening of 
consul tations or if consultations do not lead to a 
mutually acceptable settlement, any State Party may 
seek assistance of the ~ecretary-General, without seeking 
the consent of any otheiÎ state Party cOhcerned, in order 
to resol ve the controversy. A state Party which does not 
maintain diplomatie relations with another state Party 
concerned shall participate in such consultations, at its 
choice, either itself or through another state Party or 
the Secretary-General as an intermediary. 

392 For sentence 2 of Article IX of the Outer Space 
Treaty, see, supra, text accompanying notes 358-370'; for 
senttmce 4 of Article IX, see, supra, text accompanying notes 
371-376. 
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test- f~r "harmful'L ,393 May now be pr~hibited, even if 'they do 

not interfere with, scientific, commercial or public ~rvice 
uses of the Moon. 

Th;e onuS to determine whether the existinq balance of the 

,·environment has been disrupted rests entirely on states other .' . 

tha~the one undertaking the allegedly disruptive ~ctivity, 

since .e\.he undertaking state has no dut Y to consul t if ft 

reasonably believes, that its "activity May cause a disrup­

tion. 394 It is unclear whether any disruptive activity must 

be held in abeyance until a mutually acceptable settlement ls 

reached. Howevej Article 15 par 2 guarantees that any 

request for con su tation must be honoured promptly and 
' ...... , 

facilitates the con .ltation procedure by outlining a dispute-

resolution mechanism. 

(c) Other Principles of International Law Relevant to 
Environmental Protection in Outer - $pace and on the 
Moon and Other Celestial Bodies , 

Other internati<;mal -legal agreements referring to outer 
. ,-

space may conta in provisions for protecting the outer space 

environment. Three su ch instruments are the partial Nuclear 

Test Ban Treaty, the Environmental Modification Convention and 

393 See, supra, B/1 (a) (i) and text accompanying notes 
349;;:'351. 

394 However,. S,entence 3 of Article IX of the Out~r Space 
. Treaty, supra 1 text accompanying notes 371-373, still applies, 

thereby obliging the undertaking State to enter into consulta­
tion if it reasonably.believes that any of its activities on 
the Moon could çause potentially narmful interference with 
activit!es of other stàtes in outer space and on other 
celest,ial bodies, as weIl as on the Moon. '\ 



• 

\ 

" ! 

;, ,,-.or ~-,..)-'" 'f.,J.," ',:WftZ%".Yt! :Ji 7..;' ..... V'Ç'fl'/\\l;; .. ·1> ... ·,~-~I~FJI{'1.\W,~f~i~,,.·I'-:-:;;.-\.:;.:~~ .. l;t-q~~~ ~~"fi;}~"'-"'~~\.'OI f~'iv._!t~~ .,..,~~'<t'~-K""'n'- -~~\J'I..'t ~~..r ':r:-l1'Hf..t'~r~~:r".tio ... -:t~~r.'6""~~::.-'N'·~i1'(!.1.7;"i'~ 
~- ""~~~~,~~..-~,, ,~~ -~)1," '\."ç~>'f',-l,>,.~;.~ .. < .~r' .. ;~'\,~:~ ''', -"- ... ::-" .. , T~~l~"~ l " ~, ..... 't-t' .. »~'I',.,r" .. t"'fi.--" "f~~ ~;;. .. ~;;_I ..... ::\..: .. ~ ... /,".,,~ ( ... :fol'~~~rl 

"" ' ,;, 
\ ~,~ 

250 
~" 

the lTU Convention. In addition, Article IV of the outer 
-~ J 

Space Treaty and Article 3 of the Moon Agreement are ap-
I 

plicable here. 
, . , 

-
(i) Partial Nuclear Test Ban Treaty 

The Partial Nuclear-Test Ban Treaty,395 Art!!cle IV of-the J 

Outer Space Treaty and Article 3 of the Moon Agreement serve 

to protect the outer space env ironment, the Moon and other 
..--\ ' 

celestial bodies to the extent that they 'prohibit nuclear 

activities. Article l of the Partial Nuclear Test Ban Treaty 

prohibits, inter a~ia, all nuclear explosions in outer 

space. 396 Article IV of the Outer Spa5l=e Treaty pr6hibits the 

placement of nuclear weapons in orbi t around Earth, -in outer 

space or on celestial bodies. 397 Article 3 of the Moon . 
Agreement clarifies that the Outer Space Treaty proh'ibition 

includes the Moon as a celestial body and expands the scope, of 

·395 Treaty Banninq Nuclear Weapons Tests in the Atmos­
phere, in outer Space and Under Water, 14 UST 1313, TIAS 5433 
(5 August 1963). 

note 

396 Article l par 1 (a), ibid., states: 
Each of the Parties to~this Treaty undertakes to 
prohibit, to prevent and not to carry out any nuclear 
weapon test explosion, or any other nuclear explosion, at 
any place under its jurisdiction or control in the _ 
atmosphere; beyond its limits, includinq outer space; or 
under water, including terx:,i torial waters or hiqh seas. 

397 Article J'v par 1 of the Outer spac~ Treaty, supra, 
14, states:. f ~ 
states Parties to the Treaty undertake not to place in 
orbit around the IEarth any objects carrying nuclear 
weap.s:ms or other weapons of mass destruction, install 
such weapons on cèlestial bodies, or station such weapons 
in outer space in àny manner. 

" .. 

, . 
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that prohibition to include orl:!its around and other trajec-

tories to or ar01lnd the Moon. 398 
, 'J? 

However, these provisions, 

bind only states parties to the agreements and do "not excludè 

th~ possible use of spa ce refuse as a means of maintaining 

national security 399: 

(ii) Environmental Modification Convention 

The Environmental Modification Convention400 propibits 

military or other hosti-le uses of techniques which, through 
s 

deliberate manipulation, could change the dynamics, composi-

tion or structure of outer space. 401 The effectiveness of 

398 Article 3 par 3 of t)le Moon Agreement, supra" note 
108, states: 1 

states Parties shall not Iplace in orbit around or other 
trajectory to or around t~e moon objects carrying nuclear 
weapons or any other kindS of we~pons of mass destruction 

J or place or use su ch weappns on or in the moon • 
... Reqardinq Moon orbits and tl.rajectories, see, supra, text 
'accompanying notes 387-389. 1 

1 

39~ For military appliqations of space refuse, see, 
supra, Chapter,One:- B/3 (b) . k - , 

400 Convention on the ohibition of Hilitary or Any 
other Hostile Use of Enviro entaI Modification 1J'echniques, ~ 
UNGA Res!.. 31/72 (10 December' 11976); 610 UNTS 151, 1 31 UST 333, 
'l:IAS 9614 (opened, for siqnature 18 May 1977, entered into 
force 5 October 197à). 

401 Article l par 1, ibid., states: {J 

Each State Pa~ty to this èonvention undertakes not to 
engaqe in military or other hostile use of environmental 
modification techniques havinq widespread, lonq-lasting 
or severe effects as the means of destruction, damaqe or 
injury to any other state Party. 

Article II, ibid. , s'tates: 
As used in article :r, the term "environmental 
modiftcation techniques" refers ta any technique for 
chanqinq -- throuqh the deliberate manipulation of 
na~ural processes -- the dynamics, composition or 
structure of tne earth, including' its biota , lithosphere , 
hydrosphere and atmosphere, or of outer spacè. . 

.. 
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this provision as a regulatory mechanism for protection of the 

outer space environment per se could be severely limi~if 
application ·of the Convention' fs restr,icted \0 _ contra4ing 

states. Under this interpretation, only states parties to the 

Convention would be protected, -to the exclusion of the outer 

space environment per se. 402 1 

other limitations on the _prohibition against environmen­

,tal modification techniques are that only adh~ring or acceding 
- Q ( 

states are bound by it,and that these techniques may be used 

for peaceful purposes, as permitted by international law403 • 

, 

(iii) lTU Convention 

The lTU Convention404 and 
-? 

its ac~nying Radio Regula-

tions make no provisions for protect~n ~f the outer space 

Il Environmental modification techniques include changes in 
weather or c1imate patterns, ocean currents, the state of the 
ozone layer or ionosphere, or upsetting the ecological balance 
of a region;" W. B. Wirin, "Constraints on Military Manned 
Activities in Outer Space". Paper prepared for presentation' at 
Armed ,Porces Communications and Electronics Association 
Symposium on Man's Role in Space, Colorado Springs, co, 
,J-6 August 1987, at 5. 

402 D.E. ~eibel, "PJ;'eventi'On of Orbit:.al Debris". Paper 
prepared for presentation at 30th Congress of the IISL~, 
Brighton, 10-17 Octoher 1987, at 5. 

1- - 403 Article III par 1 of the Environmental Modification 
convention, supra, note 400,'states: 

The provisions of this Convention shall not hinder the 
use of environmental modification techniques for peaceful 
purposes 'and sh~l! be without prejudice to the generally 
recognized principles and applicable rules of interna­
tional law concerning su ch use. 

404 nternationa1 Telecommunication Convention--
1 Nairobi, 19 Geneva: lTU, 1982). o 

, ., 
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environment per se, since non-communication aspects of space 

objects. are not with.t.n the~ province of the lTU. 405 While 

Article 35 ~f the lTU convention provides' 0 for avoidance of 

harmful interference wi th the radio trequencies of trans­

ponders on board space ohj ects, the interference must _he 

causeç1 by the operating radio station of a space object, not 

by space refuse created by that station. 406 

2. APPLICATION OF INTERNATIONAL REGULATORY PROVISIONS TO THE 
ISSUE OF SPACE REFUSE 

Discussions of the risks posed by space refuse reflect 

concerns th,at its continued proliferation will interfere with 

future space activities407 and will damage economically ana 

405 perek, supra, pote 92 at "'36. \ 
406 Article 35 par 1 of the lTU Convention, supra, note 

40'4, stateS-{ 
All stations, whatever their purpose, must he established 

,and operated in such a manner as not to cause harmful 
interference to the radio service-s or communications - of 
otner Members or of recognized private operating agen­
cies, or of other duly authorized operating agencies-­
which carry on radio service, and which operate in 
accordance with the provisions of the Radio RegUlations. 

Harmful interference has peen defined as "[a]ny emission, 
radiati'On or induction which endangers the functioning of a 
radio navigation service or of other safety services, or 
seriously degrades, obstructs or repeatedly interrupts a 
radiocommunication service operating in accordance wi th the 
Radio Regu;1.atiçms"; R.SI"; Jakhu, The Legal Regime of the 
Geostationary Orbit (Montre~l: McGill University, 1983) n.141. 

407 See, eg, D.J. Kessler, "Orbital Debris Issues" 
(1985), 5 Advances in Space ~es 3 and Ressler and Su, supra, 
note 208. 

( 
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politically valuable space assets408 • Yet based on the 
, 

material in the precèding section, it· may be concluded that 

international law does not directly address the issues raised 

by s}?ace -refuse. . There are nei ther prohibitions against i.ts 

creation nor specifie regulations for i ts avoidance, preven-

tion- or removal. To what extent, then~ can the existing 

principles of international law'be interpreted to provide for 

\ the regulation of space refus~? 

(a) Outer Space, the Moon and Other Celestial Bodies 
-'Itl' 

Space refuse is a harm which can be brought within the 

scope of Article IX of the Outer Space Treaty. Even wi th a, 

restrictive .f'i,terpretation of sentenc~ 1,409 due regard for 

the corresponding interests ol: ether staÇin outer space 

requires that contracting states avoid ~reation of spa ce 

refuse and attempt to reduce and remove f any spa ce refuse 

causing either harmful contami~ion of outer space, the Moon 

or other ce~estial bodies, or potentiallYpharmful interference 

t·with space activities. 

408 See, eg , F.K. Schwetje, "Current US Initiatives to 
Con1;rol Space Debris". Paper prepared for presentation at 30th 
Congress of the IISL, Brighton, 10-17 October 1987, and M.G. 
Wolfe and L.P. Temple III, "Department of Defense policy and 
the Develbpment of a Global Policy for the Control of· Space 
Debris". pr~-print of a paper prepared for presentation at 
30th Congress 6f the IISL, Brighton, 10-17 October 1987. 

, 
• 

409 See, supra, text accompanying notes 352-357. 
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Sentence 20f Article IX410 ls of limited application. 

Generally, ~ space refuse - -is not "harmful contamination" • 

Contamination in sentence 2 refers at mosè to biological 

contamination caused by terr~ltrial organisms in outer space, 

and to chemical or radioactive contamination created d"!ring 

the course of scientific activities on the Moon and Mars. 411 

Radioactive contamination by nuclear explosions must be 

eliminated from consideration since a prohibition against a~l 

nuclear explosions in outer space was enacted four years prior 

to. the opening for signature of the Outer Space Treaty. 412 

Moreover, prevention' of biological contamination was the 

primary concern of cqSPAR,413 the international scientific 

body from which the Scientific and Technical Sub-Committee of 

COPUOS took its guidanc~414. Consequently, only microbio~ogi­

cal organi~ms of terrestrial origin exceedi~g the proba~ility 

"" 
410 See, supra, text accompanying notes 358-370. 

411 See "Second Meeting of the ad hoc committee on 
contamination by Extr~terrestrial Exploration, The ijague, 
March 9-10, 1959, summÉiry Recommendations" in G.S. RObinson, 
Contamination of Earth's Ecosystem by Extratt\rrestrial Matter: 
United states Authority ta Promulgate and Enforce Quarantine 
Regulations (Montre~l: McGill University, 1970) 235-41. See 
also, supra, text accompanying notes 289-290. 

412 See, supra, B/1(c) (i). 

413 Robinson, supra, note 411 at 45-46. COSPAR recom­
mended that "the upper limit to the probability of contamina­
tion over the entire period of biological exploration of Mars 
or other planets" be one in 1,000; ibid., at 243. NASA adopted 
this limit for its Apollo Moon missions; ibid., "lat '46. 

414 For the relationship between COSPAR and the Sclen 
1 tific and Technical Sub-Committee of COPUOS in this matter, 
see, supra, text accompanying notes 299-307. 

(-
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of causing biological contamination were inte~ded to be 

covered by Ifharmful contamination If . 

2 

At present, the only organisms falling under the sentence 

dut Y would be those ~eliberatelY placed on board space 

objects for quarantine purposes, in arder'to les sen the risk 

of harm to Earth. 415 In this case, sentence 2 of Article IX 

wou1d app1y on1y if the material were aecidenta11y re1eased, 

since placement of the materia1 in outer space is not "harmful 

contamination" per se. Moreover, sentence 2 neither prohibits 

such placement, since "harmful contamination" need only be 

avoided, nor subjects quarantined materials to control, sinee 
1 -

international regu1ation prior to 1aunch is not mandatory. In 

addition, international consultation416 on the advisabi1ity of 

u~ing outer space for this purpose need not be initiated by 

the 1aunching State, unless the danger resul ting from the' 

activity is "significant enough as judged by the experimenting 

party" to constitute a foreseeable danger417 and, hence, a 

reasonable belief of potentially harmful interference. 

Based on statJ;ents of the scientific and technieal 

communities,418 the united Nations419 and authors in various 

415 See McGarrigle, supra, note 263 at 108-112. 

416 See, supra, text accompanying notes 371-373. 

417' McGarrigle, supra, note 263 at 118. 

418 Bee, eg, Proceedings of COSPAR Workshops in (1985), 5 
Advances in space Res 3-96 and in (1986), 6 Advances~in Space 
Res 97-158, and American Institute of Aeronautics and Astro­
nautics (AlAA) , "Space Debris" in Ke$sler and Su, supra, note 
208 at 365. 
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~technical and legal. periodicals, 420 and taking into account 

the facts themselves concerning the risks pos~d by spa ce 
. 

refuse421 and the probability of the occurrence of a risk 

event422 , i t can be fairly concluded that, as required by 

sentence 3 of Article IX,423 space-capable states now have a 
" 

reasonable belief that tlJ.eir space activities which produce 

space refuse cause potentially harmful interference with other 

space activities -- even if the strict interpretation of 

"harm", as required by the sci-lab perception,424 is invoked. 

Despite this eviden~e, a space-capable state may argue thab no 

, 'reasonable belief exists since (i) its calculations indicate 

that the risk of the ~harm from any space refuse produced i~" 
'V 

within acceptable limits, or (ii) the quantity of spaçe refuse 

produced will not be su~ficient to harm other space ac-

tivities. In rebuttal, it can be pointed oùt that the 
~ 

reasonable bel~ief required in sentence 3 ls based on the 

potential for harmful interference and that it ls this 

potential which is beyond dispute. 

4l. 9 UN GAOR, COPUOS , Space Debr ls [ :] A Status Report 
Submitted by the Committee on Space Research, A/AC.I05/403 (6 
January l.988). 

420 See, infra, Appendix II: Selected Bibliography - B. 

42l. See, supra, Chapter One: B. ~ 

422 See, supra, Chapter One: D/2. 

423 Se~, supra, t~xt accompanyinq notes 371-373. 

424 See, supr~, B/l. (a) (i) and text accompanying notes 
349-351. 
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If the requisite reasonable belief can be established, 

any space-capable State has a àuty to act in good faith wi~h 

its international obligations,425 as expressed in sentence 3 

of Article IX of the Outer Space Treaty, and enter into 

international consultations in order to reduce the pre~ent 

quanti ty of space refuse and to control the creation of 

additional refuse, prior to undertaking space activities with 

refuse-creating potential. However, the effectiveness of the 

sentence 3 consultation provision is severely limited: its 

qeneralities could result in indefinite delays426 and 

recommendations resulting from consultation need not be 

binding. 

The sentence 4 provision .of Article IX is applicable, 

since the potential risks of spac,e refuse are beyond dispute. 

Notwithstanding the weakness of this consultation provi­

sion,427 states should exercise their legal right to request 

consultation, if they can determine which space activity will 

produce the space refuse. states need not be space-capable to 

initiate a sentence 4 requesti indeed, those states with 

ground-based space activities such as radio astronomy may also 

make a request and may have more concrete grounds for a 

425 Article 26 of the Vienna Convention, supra" note 81, 
states: 

Every treaty in force is binding upon the parties to it 
and must be performed by them in good faith. 

426 See, supra, text accompanying notes 371-373. 

427 See, supra, text accompanying notes 371-376 • 
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reasonable belief of potentially harmful 
. [ 
1nterference. If 

enough requests for consultation arise, it is possible that 

the pressure of international public opinion will force 

undertaking States into aeeeding to consultation, sinee they 

are not legally required to do so. 

(b) The Moon and Other Celestial Bodies Elaborated 

The Moon Agreement is not a dominant force for preventing 

harms caused by space refuse at present, since it has been 

ratified by only six states,428 none of which is a space 

power. 
, 
However, the limited number of ratifications is 

basically due to disagreement over the international r~gime 

for exploiting the natural resourees of the Moon. 429 If the 

most reeent statement of us space policy is any indication,430 

accession to the Moon Treaty by spaee-eapable nations may be' 

forthcomin~ in the future. 

If the space nations accede to the Moon Agreement, 

contracting states would have a dut Y to avoid creating any 

space refuse whieh disrupts the existing balance of the 

428 Austria, Chile, the Netherlands, Pakistan, the 
Philippines and Uruguay have ratified the Moon Agreement. 

-t1 

429 S~e N .M. Matte, "The Common Heritage of Mankind and 
Outer Space: Toward A New International' Order for Survi val" 
(1987), 12 Annals Air & Space L 313 at 321-23. 

430 US President Ronald Reagan 1 s National Spa ce Policy, 
announced 11 February 1988, calls for, inter a1ia, the 
establishment of a lunar base; "Space Policy Outlines progrant 
to Regain US Leadership", AvWk&SpTech (22 February 1988) 20. 

( . 

~ 
1 
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environment. 431 Moreover, with the provision for mandatory and 

prompt consultation, 432 it is more likely that disruptive 

activities would be prevented. Application of these prin-

ciples would resul t in a much stricter regulatory régime, 

aince an environmental perspective, rather than a sci-lab one, 

is employed. 433 
;;<f" 

From the environmental point of view, two issues deserve 

immediate attention: (i) the definition of "disruption" which, 

in turn, indicat~s the necessity of establishing tests for 

determining disruption thresholds in outer space and on the 

Moon for various types of space refuse, and (ii) whether the 

~rea enclosed by the plane of the Moon's orbit around Earth is 

considered to be within the scope of the Moon Agreement434 • 

(c) Other Relevant Principles 

The Partial Nuclear Test Ban Tréaty, Article IV of the 

Outer Spa~e Treaty and Article 3 of the Moon Agreement combine 

to prevent the creation of radioactive space refuse resulting 

from nuclear explosions, whether for mill tary or peaceful 

purposes.~35 However, these provisions do not address the 

potential risks of radioactive space refuse, which could arise 

431 1 

See, supra, text accompanying notes 381-384. 

432 See, supra, text accompanying notes 390-394. 

433 See, text following 'note 312. \ supra, 

434 See, supra, text accompanying notes 387-389. 

435 See, supra, text accompanying notes 396-398. 
~4_ 
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if active, retired- or stored satellites with nuclear power 

sources on board are involved in collisions -or are otherwise 

fragmented. 436 
- \ 

The Environmental Modification Convention is a two-edged 

sword. While prohibiting 'hostile uses of environmental 

modification techniques, it condones, by positive law, these 

same techniques for peaceful purposes. 437 Since an argument 

can be made that creation of space refuse is an environmenta1 
\ 

modif~cation technique,438 such creation is permissible to the 

extent that its use accords with peaceful purposes and 

conforms wi~ Article IV of the Outer Space Treaty 439. Also, 

if the narrow interpretation of Article l of the Environmental 

Modification Convention is followed,440 widespread, long-

436 See, supra, Chapter One: B/1(d). 

437 See Article l par 1 and Article III par l, Environ­
mental Modification Convention, supra, notes 401 ana 403, 
respectively. 

438 Deliberate manipulation of natural' forces (eg, 
gravit y and electro-chemical energy) places space refuse in 
outer space and ~ thereby upsets the ecological balance of a 
region of outer space. See Article II, Environmental Modifica­
tion Convention and Wirin, supra, note 401. 

439 Peaceful purposes may be "non-aggressive" military 
ones. In addition, placement of aIl weapons systems in outer 
space is not prohibited. Therefore, the possibility exists 
that debris clouds could be created for "peaceful" purposes. 
See Wirin, ibid., at 3-4 anq M.L. Stojak, Legally permissible 
Scope of CUrrent Military Activities in Space and Prospects, 
for Their FUture Control (Montreal: MCGil1 University, 1985) 
184-~12. 

440 See, supra, text accompanying notes 354-357. 



• 

o 

262 

lasting or serious harm441 need not be avoided in the outer 

space environment. 

Although non-communication· aspects of space objects are 

heyond the jurisdiction of the t lTU, 442 ,the risks posed hy 

space refuse may decrease the abi1ity of \ate11ites in GEO to 

perform their communication functions effective1y. Therefore, 

the question may he raised as to whether the lTU, as part of 

its regu1atory régime in GEO, cou1d not he responsihle for 

controlling space refuse~and establishing minimum separation 

distances between sate11ites. 443 

(d) Conclusion 

'. . Regu1ati~n-of space refuse according tp international 1a~ 

ls by inference at hest. In most instancès, that inference is 

v~~ weak; yet even if it were stronger, creation df suhstan-
, 
tia1 amounts of sp~ce refuse wou1d he permissihle due to the' 

inadequacies of the existing international ~egal régime. 

3. INTERNA~IONAL POLICY 

The harms posed hy ~pace refuse ca11 for remedies 

eomprising elearly-stated positive law. To date, inter-

" 
441 nWidespread i, refers to an area of severa1 hundred 

s'Nare ki1ometres: "long-lasting" to approximately one season, 
and "severe" to significant disruption or harm to human 1ife, 
natural and economic resources or other assets; stojak, supra, 
note 439 at l!75. 

442 Supra L Bilee) (iii). , . 
443 For actions of the lTU regarding space refuse,' see, 

infra, B/3 eb) • 

. " 
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national organizations have only bequn to address the leqal 

impl~cations of space refuse. The present posit.ions of 

COPOOS, the ITU, ESA and INTELSAT on this issue and the effect 

of these positions on the regulation of 'space refuse are 

d!scussed in thi,s seption. 

(a) Co~ittee on the-Peaceful Uses of ~uter Space 
(COPU~S) 

Invol vement of- COPUOS wi th the question of space refuse 
• ~ 

arose indirectly from matters concerning the removal of 

satellites fro~ GEO and the potential hazards arisinq f~om the 

use of nttclear power soùrces (NPS) on board space objects. A 

discernable lnterest in space refuse as an issue per se has 

developed only recently. 

(i) Satellite Removal from GEO 

The issue of space z:efuse as a specifie environmental 
1 

problem in outer spaee arose as an aneillary matter durinq 
o 

discussions on the efficient use of GEO. It was proposed in 

1981 that "efforts should be 1I\ade to provide all qeostationary 

satel~ites with the means to remove themseJves from [GEO] at 

the end of their active lifet±mes".444 

The idea that removal of inactive satellites from GEO was 

a solution to problems of congestion and collision ~a~ 

subsequently 'reiterated and expanded. 'l'he Report of the 

, .-A 

444 UN, UNISPACE 82" Efficient Use ot~"/The --Geostationary 
Orbit, A/CONF .lOl/BPI1 (16 January 1981) par 81' [hereafter 
Efficient Use repor~]. 

- , 
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Second united Nations Conference on the Exploration and-

peaceful'uses of Outer Space (UNIS~ACE 8~)445 recommended that 
, 

satellite owners be respoJ1§ible for: the removal. 446 A study 

on the feasibility of c10ser-spacing in GEO proposed that such , 

remov~l be mandatQry as soon as the relevant technology became 

avai1abie. 447 From this study, i t may a1so be inferred that 

remova1 was not considered to be a complete solution to the 
'. 

risk of collision in GEO; the report conc1uded that "it may be 

necessary" to study the collision problem in GEO anà to devise - ~'" 

methods of collision avoidance. 448 

445 UNISPACE 82 was he1d in Vienna, 9-20 Auqust 1982, 
with 94 states as participants and 45 ïnter~governmenta1 and 
non-governmental organizations as observers. The Conference 
was convened to consider both the comp1ex scientific and 
technical issues arising from the use of outer space for 
peaceful purposes, ~nd the 1ega1 implications of ,the se issues: 
N. Jasentu1 iyana and R. Chipman ( eds • ), International Space 
Programmes and Policies. Proceedings of 'the Second Uni ted 
Nations Conference on the Exploration and Peacefu1 Uses of 
Outer Space (UNISPACE), Vienna, August 1982_ (Netherlands: 
Elsevier Science Publishers, -1984) v. For the Proceedings of 
UNISPACE 82, see, ibid., or UN, UNISPACE 82, Report of the 
Second United N~tions Conference on the Exploration and 
Peaceful Uses" of outer Space, A/CONF.101./10 (31 August 1982) 
[hereafter UNISPACE 82 report]. 

446 UNISPACE 82 report, ibid., par 283. 
proposed alternative for avoidinq collisions 
was the use of orbi ts other than GEO for 
ibid., par 285. 

Removal was one 
in GEO. Another 
active payloads: 

'447 UN GAOR, COPUOS, The Feasibility of obtaining Closer 
Spacing of Satellites in Geostë:}tionary Orbit, A/AC.105/340 
Rev.1 (22 April 1985) Part Two, par 3 (e) [hereafter Cl oser 
Spacing report]. ,_ Once aqain, removal was perceived as 'an 
alternative to the use of -non-geostationary o~its for 
avo~ding collis~ons; see, ibid., Part One, pars 88-90. 

448 Closer Spaçing report, ibid., Part One, par 123. 
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Emphasis on- removing satellites from GEO received strong 

support from the develop1ng nations, whieh view su eh removal 

as an advaneement toward the eqùitable, equal and economic use 

of GEO, as provided for by Article 33 of the lTU Conven­

tio~449. Specifie reference to removal fo~ these purposes was 

made in the draft principles for governing GEO, submi tted by 

four equatorial States in 1984. 450 Whil.e acceptance of this 
, 

proposaI would lessen,_ the space "refuse hazard in GEO, the , , 

principle of removal may wèll be ,a ~ource o~ conflict rather 

than a basis for compromise: Its rationale is a political 

extension of the debate over the status of GEO. 451 The 

449 Article 33 of the ITU Convention, supra, note 404, 
states: 

In using freqpency bands for space radio services Members 
snall 'bear in mind that radio frequenc'ies and the 

~ qeostationary satellite orbit are limited natural 
resources and that theY.emust b,e used efficiently: and 
economi"'Cally, in eonformity with the provisions of the 
Radio, Regulations, so that countries or groups of 
countries may have equitable access to both, taking into 
account the special needs'of developing countries and the 
qeographical situations of particular countr~es. 

" 450'principle VIII of the UN GAOR, CPPQOS, Draft General 
'Principles Governing the Geostationary orbit, a joint working 

paper of ,Columbi~; Ecuador, Indonesia and Kenya, 
A/AC.105/C.2/L.147 (29 Marqh 1984), states that 

States and/or international organizations operating their 
space objects in the Geostationary Orbit shall take 
necessary actions to remove non-operational or unutilized 
space objects from the Orbit., 

451 C~rtain ec;ïuat~rial states issüed the Bogota Declara­
tio~ in- 1976 'as a ',response' to their concern that the limited 
natural resource of GEO would be unavailable for their needs 
when' they.had deve~oped the techno~ogy neeessary for placing c 

satellites in that brbit. The - Declaration stated that 
equatorial .$tates had sovereignty over the corresponding 
segmé'nts of 'GEO above their territory and thato prior notice to 
the, apRropriate e~torial state was ~cessary before user 

;, 
/~ 
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political tenor of this debate 18 further evidenced by the ' 
~ 

lack of a provision for the re'lnoval of inactive satellites in 

the corresponding set of draft principles for the use of GEO 

submitted by the industrialized. St~tes. 452 Neverthel'E1ss, it 

was an industrialized state which suqqested in ~986 that the 

possibility of adopting the removal principle be consite~ed by 

tn,e '~TU at its' ,1988 World Administra~ivè Radio Conference· 

(WARC)., on the use of GEO by fixed satellite systems. 453 

(ii) Nuclear Power Sources (NPS) 

In the aftermath of the Kosmos 954 incident, 454 st~tes 
\ 

were alerted to the potential hazards associated with space-
(l 

based NPS. Sincè then, the Legal Sub-Committee of COP~S has 
o 

d,éveloped a proposaI containinq seven draft principles on 

", 

Stiltes could plâce space ol:;>jects in GEO. See Declaration of 
the' First Meeting of Equatorial. Countries, ITU Doc. -WARC-BS 
(17 January 1977) 81-E. For' an enumeration of the issues 
raised by the status of GEO, see, eg, UN tAOR, COPUOS, Report 
of the Legal Sub-Committee on the Work of Its Twenty-Fifth 
Session (24 March-~1 Apr~l. 1986), AjAC.105j370 (5 May 1986) 
pars 14-22. . 

", •. ~j 452 Cf" the positions of the developing countries and the 
industrialized states' in a Comparative Table prepared by . . 
Indonesia, in UN GAOR, COPUOS, Report of the Leqal Sub- " 
Committee on the Work of its Twenty-Fifth Session, 
AjAC.105/370 (5 May ~986) 25-27 • .. 

453 UN GAOR, COPUOS, Twenty-Fifth Session 'of the Le<JAl..­
Sub-Committee, A/AC.105/C. 2/SR. 446 (Sweden, 22 April 1986) par--
34. Bee a180, infra, B/3 (b) • ' 

454 Seé, supra, '-A/2 Cd) • 
1 

1 , 

\ .' 

'" 
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space-based NPS. 455 The draft principles concerned °with 

safety quidelines are relevant to the space refuse issue. 
.... 

principle 2 provides that~s~ace objects with NPS on board 

shall undergo na thorough safety assessment prior to launch-

ing". While "tho~ough" is' intended to incÙcate that the 

assessment applies to quality-control prog~ammes for the 

development of NPS elements as well as to the safety and 

reliability of each stage of the mission of the. space object, 
\ 

the launching State determines the, acceptable level of 

risk. 456 This subjective determination could lead to dif.-

ferent degrees of "thoroughness", thereby defeating the quest 

for 'a standarçtized level of risk in matters involving NPS. 

Principle 3 enumerates the guidelines and criteria for 

safe use to be followed in undertaking a safety assessment. 
-

The risk of radiological contamination must conform with 

recommenda~ions of the International Commission on Radiologi-

455 For the 1987 revised draft of these principles, see 
JIN GAOR, COPUOS, The Elaboration of Draft Principles ~elevant 
to the Use of Nuclear Power Sources in Outer Space, Working 

'~-Paper submitted by Canada, A/AC.105/C.2/L.154/Rev.2 (31 March 
1987) [hereafter NPS Principles] . Two princi~les were 
approved by the Legal Sub-Committee in 1986: notification of 
re-entry of space objects carrying NPS and assistance' to 
states following notice of re-entry; UN GAOR, COPUOS, Report 
of the Scientific and Technical Sub-Committee on the Work of 
Its Twenty-Fourth session, A/AC.I05/383 (3 March 1987) par 66. 
No rurther approvals were forthcorning in 1987. 

D456 UN GAOR, - ~OPUOS, ~enty-:Si~ Session of the Legal 
Sub-Committee, A/AC.I05/C.2/SR.452 (Canada, 19 March 1987) par 
29. The rationale given in sup 0 this subjective test 
undercuts the need for interna ional s ndards for NPS: "It 
would seern presumptuous for the internat'onal community to act 
as a substi tute flor the laun7hin ate" id. 

',-
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cal Protection (principle 3, par 1). To prevent radiological 

contamination on Earth by space objects with NPS on board, 

states must try to place such space objects in' a nuclear-safe 

orbit (NSO) for periods as long as 300 years. 457 If an NSO is 

not used, sp~ce objects with NPS on board must be designed for 

"transfer to a nuclear safe orbit'-at the end of the mission, 

S,O as to render the over-all us-a of the nuclear power source, 

with a high probability of success, as safe as if it had been 

used in a nuclear-safe orbit lt (Principle 3, par 4). If the 
" 

transfer tb an NSO fails, provisions must be made to employ 

either an additional transfer technique or an "in-space 

recovery system ••• as .3oon as technology~ permits". These 

alternative schemes must have the same probability of success 

as the original tr,ansfer system (principle 3, par 5). 

. 457 principle 3, par 2 of the NPS Principles, supra, note 
455, states: 

states launching spac-e obj ects wi th nuclear power sources 
on board into orbi ts around the Earth shall make every 
endeavour to use a nuclear-safe" orbi"t, i. e., an orbi t 
that gives sufficient time for radioactive materials to 
decay to an acceptable level in space after the end of a 
mission. To this end, the use of such an orbit shall in 
aIl circumstances ensure that the nuclear power source 
will remain in outer spaœe at least 300 years in the case 
of a reactor, and at least 10 times the half life of the 
isotope or isotopes used in the case of a radio-isotope 
reactor • 

. -The scope of the cQJlcept of NSO is meant "also to apply to 
orbits around other celestial bodies", in conformity with the 
outer Space Treaty; UN GAOR, Ç.OPUOS, Twenty-Sixth Session of 
the Legal Sub-Committee, A/AC.I0S/C. 2/SR. 452 (Canada, 19 March 
1987) par 35. Presumably then, the concept applies "to orbits 
around the Moon as weIl. 
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If NPS is a necessary spaca technology,458 establishment 

of NSOa as a means of isolating satellites with NPS on board 
i 

l" 
ia a laudable attempt to reduce the probability that a col-

lision releasing radioactive space refuse will oocur. 

However, this proposed solution could prove to be~meani~gless: 

(1) depending on the number, location and population of ~SOs, 

collision probabilities could be as great or greater than 

those which would exist without NSOs;459 (2) determining 

numerical, location and population variables should be left to 

an internationally-approved body of scientific experts, which 

does not yet exist;460 (3) lowering the risk of creating 

radioactive space refuse is not enhanced either by the failure 

to make mandatory the use of NSOs during missions or reliance 

on yet-to-be-determined transfer techniques and in-space 

recovery systems; ( 4) '" "orbi ting an in-space recovery system 
t 

[would entail] a significant increase in energy needs and in 

458 It has been proposed that all space objects with NPS 
,on board be excluded from outer space; UN GAOR, COPUOS, 
Tventy-Sixth Session of the Legal Sub-Committee, 
A/AC.l0~/C.2/SR.456 (Czechoslbvakia, 23 March 1987) par 11. 

459 Eg, of about 50 radioactive space-based NPS, more 
than 35 of them are found in altitudes between 900 and 1,000 
km; N.L. Johnson, "Nuclear Power Supplies in Crbit" (1986), 2 
Space Policy 223 at 226. 

460 For a proposal for such ~' body, see Young, supra, 
note 621ft 326-2.8. The Scientifib and Technical Sub-Committee 
of COPUOS has been reques,!:ed to diseuss the issue of es­
tablishing limits on the amounts of radioactive material 
carried by a single space object and the total amount of 
racUoactive material in orbit at one time: UN GAOR, COPuos, 
Tventy-Sixth Session of the Legal Sub-Committee, 
A/AC.105/C.2/SR.452 (Sweden" 19 March 1987) par 43. 

( 
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: general would create further difficulties",461 and (5) 

outstanding issues, such as whether NSOs are solely for space 

objects with NPs 462 and how waste materials from NPS used as 

fuel in spa ce objects will be disposed of463 , remain un­

resolved. 

additlonal safety criteria [which] might be necessary to 

prevent, or cope with, events other than unplanned re-entry 

into the atmosphere alone,,464. 

(iii) Space Refuse per se 

, It was recognized in COPUOS by 1981 that the increase in 

space acti vi ties would affect the state of the environment in 

461 UN GAOR, COPUOS, Twenty-Sixth Session of the Legal 
Sub-Committee, A/AC.10S/C. 2/SR. 460 (Czechoslov~,kia, 25 March 
1987) par 11. \. ~ -'" 

462 UN GAOR, COPUOS, Twenty-Fifth Session of the Legal 
Sub-Committee, A/AC.10S/C. 2/SR. 444 (Venezuela, 9 April 1986) 
par 22. . 

463 Ibid., Algeria at par 30. 

464 UN GAOR, COPUOS, Report of the Scientific a~ 
Technical Sub-Committee on the Work of Its Twenty-Fourth 
Session, A/AC.l05~383 (3 March 1987) par 59. 

\ 
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general. 465 The idea that space refuse posed a hazard to 

other regions of the near-Earth environment, such as LEO and 

GTO, . was initiated at UNISPACE 82. To minimize the probabi­

lit Y of collision between active space objects and space 

refuse, it was recommended that detailed studies be undertaken 

to provide the basis for appropriate regulatory measures, such 

as minimizing space refuse and removing inactive satellites by 

means of disposaI orbits, controlled Earth re-en~ry or manned 

missions. 466 Further awareness that the space refuse problem 

extended beyond GEO is indicated by th ce inaugural appea't"ance 

in 1983 of the theme- of minimization and removal of space 

refuse from aIl of outer space in an on-going COPUOS study of 

GEO begun in 1977. 467 

The International Astronautical Federation (IAF) 468 

4?5 UN GAOR, COPUOS, Report of "the Scientific and 
. Technical Sub-Committee on the Work of Its Eighteerith Session, . 
A/AC.105/287 (13 February 1981) par 55~ 

466, UNr~PACE 82 report, supra, note 445, par 289. 
\ ' 

467 UN GAOR, COPUOS, Physical Nature and Technical 
AttrLbutes of the Geostationary Orbit, A/AC.l05/203/Add.4 (18 
May 1983) par 37 [hereafter 1983 Physical Nature report]. 
This document rèptesents the fourth update of the study. The 
first edition is -UN GAOR, COPUOS, Physica1 Nature and Techni­
cal' Attributes of the Geostationary Orbit, A/AC.l05/203 (29 
August 1977) (hereafter 1971 Phy&ical Nature report]. A fifth 
~evision is expécted in 1988. 

468 The IAF is a non-governmental association of national 
societies, institutions and bodies. Its purpose is to 
encourage the development of astrona'utics, to ensure wide­
spread dissemination of scientific and technical information 
related to. space and to encourage astronautical tesearch: R. 
Chipman (ed.), The World in Space: A Survey of Space Ac­
tivities and Issues. Prepared for UNISPACE 82 (NJ: Prentice­
Hall, 198"2) 661. 

" 
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recognized in a 1984 study that space refuse was a "par­

ticularly serious" and "real" problem in LEO and that interna-

tional action was "imperative" in order to resolve the 

problem. 469 The IAF study stated that there was an "immediate 

need" for international research and policy development in the 
. 

area470 and recommended that the UN would be fulfilling a most 

important function if it were to initiate the development af 
. 
policy and agreements on space refuse through international 

( conferences471 • ' Areas' for action included a broad range of 

activities for minimizing the quantity of space refuse 

injected inta and created in orbit, developing removal systems 

and increasing the data base on the space refuse environ­

ment. 472 The IAF also noted that the International Institute 

of Space I,aw (IISL) would ini tia~e studies for defining the 

legal issues raised by space refuse, if so requested. 473 

Despite these effort~, it was not until 1987 that the 

UNISPACE 82 recommendations474 were acted on by COPUOS. 

469 UN GAOR, COPUOS, Implications ta International Co­
operation of Large-scale Space Systems, 'A/AC. 105/349 (7 
Decepber 1984) 19 [hereafter Space Systems}. 
/~'- . 

470 Ibid., at 19-20. 

471 Ibid., at 26. 

472 Ibid., at 25-26. These recommendations are taken 
from AlAA, supra, note 418 at 370-71. 

473 Ibid., at ~6. The IISL is the 1ega1 arm of the IAF 
and studies lega1 prob1ems arisihq from space acti vi ties; 
Chipman, supra, note 468 at 666 • 

. 474 Supra, text accompanying note 445. 
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Although their implementation was not considered urgent, 475 

the Scientific and Technical Sub-Committee of COPUOS recom-

mended that COSPAR and the IAF he invited to undertake a study 

of the environmental effects of space activities, "with 
~! 

particular emphasis on space debris,,476. This rec3mmendation 

was approved by COPUOS477 and endorsed br the UNGA478. 

On 6 January 1988, COSPAR presented its preliminary 

report, noting that a comprehensive document would be sub-
.,) 

mitted to C~PUOS by the end of 1988. 479 
, The status repoit 

states that space refuse is recognized as a potential hazard 
1 

and is a serio~s problem "even in geostationary orbit". 480 

:rts conclusion \s clear and to the point: "Action on an 

international scale is obviously needed 

global issue of space debris". 481 

to deal with the 
1 

Parâllelling this increasing awareness ,of thel importance 

of the space refuse issue, the Legal Sub-Commi ttee of COPUOS 

475 UN GAOR, COPUOS, Report of the sc:;ientific and 
Technical Sub-Committee on the Work of :rts Twenty-Fourth 
Session, A/AC.105/383 (3 March_ 1987) par 19. 

476 Ibid., Annex II, par 13(d). 

477 UN GAOR, Report of the Committee on the Peaceful Uses 
of Outer Space, Supplement 20 (4/42/20) 10 July 1987, par 27. 

478 International Co-operation in the Peaceful Uses of 
Outer Space, UNGA Res. 42/68 (2 December 1987). 

479 UN GAOR, COPUOS , 
Submitted by the committee 
January 1988) 2-3. 

480 Ibid., at 1 and 4. 

\ 481 Ipid., at 5. 

Space Debris [ : ] A Status Report 
on Space Research, A/AC.l05/403 (6 
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~~s been search~ng for a new agênda item. It is submi tted 

tha\ the question of spa~e refuse would be an ideal addition 

to th~ agenda, for three reasons. 

" F\rst, it has been noted in COPUOS that increased 

POllution of outer space resulting from the proliferation of 

space refuse and the increase in NPS is creating a global 

hazard. 482 Moreover, the Swedish delegatiocn has suggested 

that the topic of the outer space environment, including the 

question of space refuse, deserves to be examined by COPUOS 

and its two sUb-committees. 483 If the issue is placed on the 

agenda of the Legal SUb-Committee, the IISL of the IAF is 

prepared to offer any assistance it could at the study 
,~ 

leve1. 484 

482 UN GAOR~ Thirtieth Session of the Cémmittee on the 
Peaceful Uses of outer Space, A/AC .. 10S/SR.294 (Pakistan, 4 
June 1987) par 18. Unofficially, the Soviet Union has 
supported the position that space refuse poses a hazard to the 
outer space environment. In a statement in COPUOS, omi tted 
from the official records, t~e USSR representative stated that 
the increasing number of obj ects in outer space "would lead to 
questions on how to deal with the associated legal problems. 
The space environment müst be deal't with immediately, rather 
than leaving it until late in the day as had happened with the 
earth1s environment"; UN Press Release, "Outer Space Committee 
Considers Agenda of Legal SUb-Committee", OS/1259 (11 June 
1986) 3. 

483 UN GAOR, Twenty-Ninth Session of the Committee on the 
Peaceful Uses of Outer Space, A/AC.105jSR.280 (1 -July 1986) 
par 42 [French original, translation by the author). 

484 UN GAOR, COPUOS, Twenty-Sixth Session of the Legal­
Sub-Committee, AjAC.105jC.2jSR.454 (IAF Observer, 18 March 
1987) par 22, The question of space refuse was discussed by 
thé IAF in 1986 and 1987. See, eg, IISL session on legal 
aspects of outer space environmental 'problems in (1987), 30 

" Colloquium Law of Outer Space (publication 'forthcoming) • 

\ 

t ~~ 
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s~cond, the issue of space refuse and its regulation 

meets the criteria proposed for the new agenda item: it will 

promote respect for the fundamental principles of space law as 
-" , . 

laid down in the Outer Space Treaty;485 it is suitable for the 

elaboration of lega1 principles;4.86 it will advance legal 
... 

questions regarding the peacefu1 uses of outer space;487 it is 

practical, relevant and -important in itself;488 it has a 

reasonab1e chance of consensus;489 it is within the scope of 

485 UN GAOR, COPUOS, Twenty-Sixt.h Session of the Legal 
Sub-Committee, A/AC. lOS/SR. 47S (Canada, 1 April 1987) par 1 
and UN GAOR, Thirtieth Session of the Committee on the 
Peaceful Uses of Outer Space, AjAC.105jSR.297 (Netherlands, 16 
June 1987) par 64. 

486 UN GAOR, Twenty-Ninth Session of the Committee on the 
Peaceful Uses of Outer Space, A/AC.105jSR.286 (Aùstralia, 11 
June 1986) par 6. 

487 UN GAOR, Twenty-Ninth Session of the committee on the 
Peaceful Uses of Outer Space: Aj.AC.105/SR.29d (Canada, 1Ï' June 
1986) par l, AjAC.105jSR.290 (US, 12 June 1986) par 20 and 
A/AC.I05/SR.291 (China, 13 June 1986) par 27; UN GAOR, COPUOS, 
Tventy-Sixth Session of the Legal Sub~Committee: 
A/AC .105/C. 2/SR. 454 (US, 18 March 1987) par 14 and 
A/AC.105/C.2/SR.471 (UK, 1 April 1987) par 8, and UN GAOR, " 
Thirtieth Session of the' Committee on the Peaceful Uses of 
Outer Space A/AC.105jSR.294 (Sweden, 4 June 1987). par 29. 

488 UN GAOR, Twenty-Ninth Session of the Committee on the 
Peaceful Uses of Outer Space, A/AC.105jSR.291 (China, 13 June 
1986) par 27; UN GAOR, 1986 Report of the Coflmittee on the 
Peacefu1 Uses of Outer Space, Supplement No. 20 (Aj41j20) par 
85; UN GAOR, COPUOS, TWenty-Sixth Session of the Legal Sub­
Committee: A/AC.I05/C.2/SR.454 (US, 18 March 1987) par 14, 
AjAC.I05jC.2/SR.471 (UK, 1 April 1987) par 8 and 
AjAC.I05/C.2jSR.475 (Canada, 9 April 1987) par l, and UN GACR, 
Thirtieth Session of the Committee on the Peaceful Uses of 
outer Space: A/AC.10S/SR.294 (Sweden, 4 June 1987) par 29 and 
AjAC.I05/SR.297 (Netherlands, 16 June 1987) par 64. 

489 UN GAOR, Twenty-Ninth Session of the Committ~ on the 
Peaceful Uses of outer Space, A/AC.l0SjSR.292 (US, 13 June 
1986) par 6; UN GAOR, COPUOS, Twenty-Sixth Session of the / 
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the Legal Sub-Committee mandate,490 and it is precis.e enough 

to avoid deep differences of opinion on how the item should be 

han~led, thereby permitting legal work ta be undertaken491 . 

Third, the topic of space refuse has some eonnection with 

eaeh of the five proposaIs suggested as options for the new 

agenda item: (i) strengthening the application of the 

Registration Convention: 492 (ii) State 'co-operation in event 

of an accident or an emergeney on board a manned spaee 

object: 493 (iii) drafting a specifie instrument devoted to , 
manned space activities: 494 (iv) access of states to the 

Legal Sub-Committee: AjAC.105jC.2/SR.454 (US, 18 March 1987) 
par 14, A/AC.105jC.2/SR.471 (UK, 1 April 1987) par 8 and 
A/AC.105/C.2/SR.475 (Canada, 9 April 1987) par 1, and UN GAOR, 
Thirtieth Session of the Committee on the Peaeeful Uses of, 
Outer Space: A/AC.105/SR.294 (Sweden, 4 June 1987) par 29 and 
AJAC .105/SR. 297 (Netherlands, 16 June 1987) par 64. 

490 UN GAOR, éopuos, Twenty-Sixth Session of the Legal 
Sub)F0mmittee, A/AC.105jC.2jSR.454 (US, 18 Ma~ch 1987) par 14. 

~ 91 UN GAOR, Thirtieth Session of the' Commi ttee on the 
Peaceful Uses of Outer Space: A/AC.105/SR~94 (Sweden; 4 June 
1987) par 29 and AjAC.105jSR.297 (Netherl nds, 16 June 1987) 
par 64. 

492 Proposed by Sweden in 1986 and 1987: see, eg, UN 
GAOR, COPUOS, Twenty-Sixth Session of the Legal Sub-Committee, 
A/AC.105/C.2/SR.471 (1 April 1987) pars 2-7. 

4~3 Proposed by the UK in 1986 and 1987; see, eg, ibid., 
pars 9-10. This suggestion was supported by the united States: 
ibid., par 12. 

494 UN GAOR, COPUOS, Twenty-Sixth Session of. the Legal 
Sub-Committee, A/AC.105jC.2jSR. 472 (USSR, 31 March 1987) par 
2. 
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benefits of exploration and use of outer space,495 and (v) 

legal aspects of the human presence in outer space, a combina­

tion of proposaIs (ii)-(iv)496. 

If the issue of space refuse ia not chosen as the new 

agenda item, then it should be accorded serious consideration 

as an element of the topic ul timately selected. 

Cl:» World Administrative Radio Conference (WARÇ) 
ORB-S5/SS 

The rules of the lTU Convention and the Radio Regulations 

are generally devoted to transmi tters and recei vers on board 
1 

space obj ects rather ,than the space obj ects themsel ves. 

Strict:1Y speaking then, rules 'regulating space refuse may he 

considered ultra vires the ITU and its ~ARC on the Use of the 

Geostationary-Satellite Orhit and the. Planning Qf Space 

Services Utilizing It (ORB-85/SS). 497 Nevertheless, the lTU 

was requested to address at ORB-85 the issues of removal of 

495 Proposed hy the Group of 77 in 1986; UN GAOR, Twenty­
Ninth Session of the Committee on the Peaceful Uses of Outer 
Space, A/AC.105/SR.291 (Yugoslavia, 13 June 1986) pars 14-15. 
This suggestion was supported by Kenya, ibid., par 20; Iraq, 
id.; Czechoslovakia, ibid., par 23, and the Soviet Union, ,UN 
GAOR, COPUOS, Twenty-Sixth Session of the Legal Sub-Coiiimi ttee, 
A/AC.105/C.2/SR.472 (USSR, 31 March i9S7) par 3. 

496 UN GAOR, COPUOS, Twenty-Sixth Session af the Legal 
Sub-Committee, A/AC.105/C.2/SR.474 (Czechoslovakia, 6 April 
1987) par 16. 

497 Perek, supra, note 92 at 33 and, 36. The first 
session of WARC ORB-8S/S8 was he1d iri Geneva, August-september 
1985. The second session, ORB-88, is scheduled ta begin 29 
August 1988 ï'n Geneva and continue for more than five weeks: 
see agenda for ORB-S8, ITU Doc. Administrative Couneil Res. 
953 (27 June 1986)0. 
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inactive sat~llites from GEO and minimization of space refusa 

"in and near" GEO.498 

Four states raised the space refuse issue during ORB-8S. 

Kenya, repèatinq the proposal made in COPOos by the equatorial 

states in 1984,499 suqgested that the objective of Article 33 

of the ITU Convention500 could not be met unless, inter a1ia, 
~ 

states and international orqanizations took the ttnecessary 

action' to remove" their inactive satellites from GEO.501 

Alqeria proposed that satellites "should ... leave" GEO when 

they are no longer in use, in crder to "clean up" the orbit 

and ': to ensure access to it. 502 Iraq recommended that "the 

rem1val of d~ad satellites" .~rom GEO be mandatory and, on a 

broaper note, proposed that the ITU should undertake a study 

of the legal and financial aspects of cOll;l;sions in GEO, in , 

co-operation with "specialized committees of the United 

Nations dealing with space international law". 503 
1 

498 See, eg, Perek, ibid., at 36-37; UN GAOR, COPUOS, 
Tventy-Fifth Session of the Legal Sub-Committee, 
A/AC.IOS/C. 2/SR. 446 (Sweden, 22 April 1986) par -34--, and UN 
GAOR, COPUOS, Twenty-Sixth' Session of the Legal Sub-Committee, 
A/AC.IOS/C.2/SR.466 (Sweden, 30 March 1987) par 5. 

499 Supra, note 450. 

500 Supra, note 449 ..... 

501 Kenya - Proposals-- for Work of the co~ference, ITU 
Doc. WARC ORB-85/20-E (24 June 1985) 4-5 • 

• 
502 A1.geria - ProposaIs for Work of the Conference, ITU 

Doc. WARC ORB~85/75-E (8 August 1985) 4. 

503 Iraq - "ProposaIs for Work of the Conference, lTU Doc. 
WARC ORB-85/87-E (9 August 1985) 5. 

;. 
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on1y a proposal put forwarg by the Uni ted Kinqdo~ 
.. 

received further deliberation durinq the ORB-85 s~sslon. The . 
tJK stated that the regulatory régime of GEO would be improved 

" by minimizing "the risks of harmful interference to or from 

spaee services" using GEO. 504 c1ting ~ollision~ with space 

refuse and blockaqe of radio signals by space refuf!le as causes 
, , 

of such interference, the UK put forward a recommen~ation 

urginq satellite operators "to en !Jure that at th~ end of.,their 

useful l.ives [satellites] will present no residual sources' of 
1 _ 

interference to other sate1lites in orbit". 50~ This recommen-

, -----dation took into consideration two operational and economic 

,t:actors connected with satellite removal: namely, that the 

quantity of propellant neC?essary foI"< removing a satellite from 

GEO "could significantly reduce" ,a satellite's operational 

lifet'ime, and that a sate1lite which had completed its prime 

funJtions could be used for other purpose$ . in GE0506 or 
-

limited, temporary operational services in other orbits. 507 _ . 
The UK recommendation laid the foundation for a draft 

~ 
proposal. for the effective use of GEO. In order, ta increase 

\ ' 

the capacity of GEO, it wàs advised that ..,.rthe International 
" 

Radio Consultative Committee (CCIR) be urged' to' study the 

504 United Kingdom - Proposals for 0 Work -of the Con­
ference, lTU Doc. WARC ORB-85/18-È (13 June 1985) 15. 

505 Ibid., at 15-16. / 

506 See a1so, infra, text accompanying note 524 • 
. 

507 UK Conference proposals, supra, not, ,504 at 15. 
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iàsue of physioal interference caused by spaoe refuse, the 

f1.ndings of which could' be reviewed at ORB-SS. 508 Further 

stupy was urqed, rather than a resolution or recommendation, 

on three grounds: the risk of physical interference was 

perëeived to be very low; removal had economic implica­

tions,509 and "most deleqates rea1ized that it was too soon to 

adopt any specifie provisions because so many factors were 

unknown fi 510 • Consequently, WARC ORB-8S requested that the 

CCIR undertake a study on physica1 interflflrence resul ting from 

508 The proposa1, as éxpressed in Second Report of 
workinq Group 4C to Commi ttee 4 - Principles of Effective Use 
of Orbit and 'Spectrum by Fixed-Satellite Services, ITU Doc. 
WARC ORB-85/234(Rev-.l)-E (5 September 1985) 13, states: 

11. SQurces of physical interference 
11.1: In the qeostationary-satellite orbit Jar{ere is a risk 
of collision wi th active spacecraft and blookag~ of beams 
of operational satellites due to the .presence of uncofl­
tro1.1ed man-made objects. At present, the probabi1ity of 
such physical interference ia very low, though the number 
of satellItes is expected to increase over time. It is 
advisable therefore, to urge the CCIR to develop in the 
intèrsessional period a better understanding of this 
physical interference prQces~ leading to: 

an identification Qf relevant factors of what is 
thought at present to be a theoretical problem; 
an ~ evaluation of the risks tha~ thls -phenomenon 
could present in the future, and 
a recommendation for a solution to the problem 
should the study results justify further action"...--

11.2 The secQnd session Qf WARC-ORB is J,nvit.ed'i to review 
the progress of the!e CC IR stu~i'Œ~. . - < 

'. II) 

509 See, sup-ra, text accQmpanying notes 506-507. 

510 M.L. smith, "Space LawjSpaoe WARC: An Analysis·of the 
Space Law Issues Raised at the- 1985 ITU World Admi~istrative 
Conference on the Geostationary Orbit" (198p), 8 Houston J 
Int • 1 L 221 at 244. 
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.The· CC IR 

study has now been completed and· submitted to WARC ORB-SS for 
\ 

its consideration.p12 

Thus, fo~ the first time, the ITU has,a specifie mandate 
\ 1 

to investigate questJons relatinq to space 'refuse .,~nd its 

implications for GEO and the space services utilizinq it. 

Alth~ugb the terms of reference of the CCIR study are limited 
" \ 

o 

·...:in scope, it could J'esult in concrete policy statame~ts or 
~ 

even new Radio Regulations at 'ORB-88. More significantly, the 
, . 

combination of the ITU stu~y and" the _ COSPAR comprehensive 
, , 

reportS13 could signal the b~cjinning of efforts to develop an 
1 

international regulato;ry régitne for space refuse, encompassing 

a11 near-Earth space _ and taking into account the) d~stinguish-, 

ing features of each règion of outer space .. . -
(c) European Spa ce Agency (ESA) 

ESA is addressing three issues related to space refuse: 

possible congestion in GEO, the risk to "activ~ space ve­

hiçles" in LEO .and the risk ensuing from re-entry of space , 

----------~----~ 
511 See Report to the Second Session of the Conference 

(Genev~: ITU, 1985) 31. . , 
512 International Radio Consultative committee, RepOrt to 

the Second~ Session of the World Administrat-l-ve COnference on 
the Use of thë" Geostationary-Sate1.1ite Orbit and the Planning 

. of the Space Services utilizing It (WARC-oRB(2) ~ (Geneva: Iro, 
1988) 70. 

'" i-r ~ 'f ., 

',' 

..J 

. , 

, 
" 



.. 
" 

, 

• 

1 ' .. 

, " ... ( _ ~, ri , 

\ 
282 

Ilr 
- refuse into' the Earth' s atmosphere,.514 '! In add,ition to J 

.. 'oonvening a workshop on the iatter topic,51S- ESA established a 

~orkin; gr~p in 1987 to study lIa;l ~ aspects of space debrls 

which may have a ~ detrimental effect on acti vi ties on ground· 

and . in spac~". 516 

To date, ESA has pursue? a 

from GEO by the process of 

(boosting) .517 The first 

licy of removing spacecraft 

'" -higher altitude , 

satellite to be boostedf.:j was 

Geos~2. which was ~n a 

270 km above -----(;1:0, 518 an 

near-circular orbit about 260-

altLtude somewhat less than 

pl~nned519. Removal by boosting wa~ considered the "only 

practical means of maintaining control of the situation". 520 

514 Personal' correspondence' with K. Barbane~, Interna­
tional Affairs, ESA, 31 July 1987. 

515, European ~Space Àgency, Re-enèry of Space Debris. 
Proceedings of an ESA WorksIriop, Eurdpean Operations Centre, 
Darmsta~t, FRG, ?4-2S Septemb~1985 (Paris: ESA Publications, 
198,6) ~ --

516 Barbance correspondence, supra, nQte 514. A ,report 
on teehnic~l aspects as well 'as possible preventative measures 
and their financial implications is expected in Spring 1988. 

517 P. Beech. et al., "The De-Orb1ting of Geos-2" (1984), 
38 BSA Bulletin 86 at 86 and "ESA Frees' a Location on the . 
Geostationary Orbit" (March 1984), ESA NeW8let'te:r: 3. Braking 
i8 the term for de-orbiting a spac~craft to a lowe~altitude. 

518 Beech et al., ibid., at 89. 

519 "ESA Frees a Location on the Geostationary Orbit" 
.• (March 1984), ESA Newsletter 3. 

1 1 

520 Id. Removal by' braking could possibiy result in 
collisions with objects iri the GTO; "ESA is a Good Neighbour", 
FLlGBT International (10 March'1984) 629 • 

\ ... 
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(d) International Telecommunications Satellite . 
. Organization' (INTELSAT) 

283 

INTELSAT has adopted a general poJ..icy of using the 

remaining fuel on board satelli tes in GEO for boosting, at 
, 

which time they ar~ dea~tivafed.521 The boosting procedure' is . 
• 

used to· minimize prol:)lems of interference caused by the risks '. 
" 

of collision and radiation, and to simplify administrative and 

maintenance operations. 522 

• INTELSAT began de-orbiting satel;J.ites in December 1979, 
"'"., .. \. 

when.thetINTELSAT\III (F-3) was pu shed between 4,000-5,000 km . 
beyond GEO.523, since'some sateilltes may stiLl per~or;m useful 

~ 

functions after they have outlived their operational lifetime, 

INTELSAT created in 1982 a new functional ca~egory for 
-

~satellite opera~iàns planning, the retired satellite. 524 This 
" 

. .' 

~ 521 Persona! corr~spondence with Kenneth Gro~s,. INTELSAT, 
14 July 1987. INTELSAT is a global teleèommunication system 
providing~ on a non-discriminatory hasis, public telecom­
munication services to aIl cou~tries. .For a ~etailed artalysis 
of INTELSAT, see N.M. Matte, ~erospace Law: Telecommunication 
Satellites (Toronto: Butterwor'ths,_ 1982) 108-141.. . 

522 Disposition of Obsolete IHTELSAT satellites, INTELSAT 
Doc. BG-27-23E W/3/77 (7 March 1977) 1-2. 

523, "A Satellite 1 s passing" é1980), 1 intel;Link 3. At 
'tQ~t altitude,. INTELSAT I~I (F-3) wi,ll return to .GEO in four 
ta five million years; 'id. $ee also, Disposition of INTELSAT 
:J:fI (F-3), ÏNTELSAT. Doc. BG~40-38E W/12/79 (12 November.ot1979.) 
1. . 

"\ 
• 

~ 524 Satellite Operat:ions Planning, INTELSAT Doc. BG-51-. 
51E L/6/82 (8 June 1982) Add.l ae 2. Other useful functions 
include communications testinq, satellite subsystem testing, 
conl~nued trend a~alysis, tailure rate verifidation, .verifica­
tion of fuel accounting, TWTA lifetime, bearin~ behaviour' 
befoI'e failure, 7bearing lifetime and final ~attery degrada-
tion; id. \ ~ 
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new cateqory_ effectively "extends'- the period durinq which a 
, ~ .,. .. CI 

1 ~ 4 __ ~ 

satellite remains in GEO. Now, INTELSAT satellites are-

boosted and deactivated "when suff:l.cient propellant remains to , 

do so ~nd no more vaTuable d,ata can b~ obtained from those 

spacecrafttl • 52-5 c . . 
\ The iJ\ternationaJ. policy' of boostinq satellites has peen 

followed by. domestic satellite telecommunication orqanizations 
, 

auch as US Comsat and Telesat Canada. 52,6 

. , 
4. NATIONAL LAW AND POLIO"l 

US leqislation and policy cannot be -overlooked in any 

discussion of space refuse, due to that nation's pervasive 

influenc~ on' the development of ~p!!ce technology and, space ~ 

law. In addition, the legal. implication~ of the UK's Outer 
" ... " L 

Space Act of '1986 for 1:he spàG:e refusé ~ issue will he dis-
~;~' , 

'cusseèi. 

(a) United states 
~ , 

In the United states, threé régimes regulate the use of 
\, ", 

1 , 

outer space. Governmen't 'use is administered by the lfational 

Aeronautics lnd spac~ Admini~tr~tion (NA.~~), c~mmeraial use by , 
~ , . 

the Office of Commercial spaee' Transportation '(OCST)', Depart-.. , 
ment of Transportation, and military use by the, Departm~nt of 

- 1 ! ~ 

~ 

52? INTELSAT Doc. SG-Sl-JE'L/6/82 FINAL, par 122(e). 
r • ,., 

526 For Telesat Canada, seè ~CIR.repàrt, supra, note 512, 
Annex A.2o'15. See also, ",filiik, Comsat Birds Removed ,_from 
Service", Satellite Telec~UJiications (F~bruary 1985) 14 and 
"Phone-TV Satellite Replaced", '!'he, [Montreal] Gazette ' 
(27 November 19-86) B5. ~ 

" 
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Defence (DoD). 'Law 'and policy ,reqarding space refuse vary 

accordibg ta the régime. -..1 l' 

(i) Government' Use .,(NASA) 

The National Aeronautics and Space Aot of 1958 

(NASAct) 527 governs - civil space activities528 and therefor~ .. .. -
influence,s commercial as weIl as ÇJQvernment, but not miljtary, 

space initiatives. NASA provisions for eQvironmental pro~ecS. 
, 

tion arê based on the National Environmental Policy Act 

(NEPA) 529 and its accompanying regulatiGns530 . " [Al 11 NASA 

actions tlbiel} may have an "impact on the qua~ity of tl)e 

enV;~J;QnmeJ:lt" 531 are subject to either, an environmental 

assessment (EA) 532 or an ~nvironmental'" impact statement 

{' 
527 Publ L 85-5.68, 72 Stat-426; 42 USCS 2451 (1978 & supp" 

1987) • 
, 

528 Ibid., 's. 101{b) • 

529 42 uses 4321 (1978 & Supp 1987). 

530 40 ~FR 1508 (1986). 

531 14,' eF~ 1216.301 (h) (1988). 
.. 

1 

532 For a definition of EA, se.e '40 CFR 1508, s. 1508.9 
(1986). specifie NASA actions normally requiring an E/t. include 
specifie spacecraf:t development pr.ojects in space science and 
in space and terrestrial---applications; specifie experimental 
.projects in space technology and energy technoloqy applica-

.. 

.;. tions; development and operation of new space transpor1;,ation 
systems and advanced development of new space transportation 
and spaeecraft systems, and reimbursab171 launches of non-NASA ~ 
spacecraft or payloads; 14 CFR 1216.305Cm (1988). ..,..-

f . 

; 
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(EIS) 537 f These requirements l, co~ld act as requlatory mecha-
• nisms for space refuse. \\ 

Whe~her the NASA prOVisir.ns for e?vironmental protection 

extend to activities affecting the outer space env.i.ronment 
'{ 

turns' on the defini tion of global commons. In international 
~ 

law, "global commons Il includes those terri tories o\ltside the . 
territoriél~ juris6iction of any staté, such as the hiqh seas, ... . 

~ the upper atmosphere, the oceans, Antarctica and .outer 

space. 53,4 Whether outer' space is included in the NASA mandaté 

ls uncertain, as a plain language'. readinij of the legislation 

indicates tha.t "global commons" extends only to oceans and the 

upper atmosphere, 53,5 to the exclusion of 'outer space. 
G 

It has been generally accepted among US agencies.""that 
, 

màjor ,federai actions a"ffecting the ql.obal commons shouid be 

533 For a' definition of EIS, see 40 CFR 1508, s. 
1508.11 (1986). An EIS is required where "a NASA "action is 
"expected to have a significatlt impact on the quality of the 
human environment". An EIS is necessary for' R&D activities 
pertaining to the development and operation of n~w launch 
vehicles, space ~ehicles likely to release"substantial'amounts 
of foreign materiais intQ Earth 1 s atmosphere or into space, 
and certain nuclear propulsion and power generation systems: 
14 .CFR 1216.305 (c) (1988). Although' there is a lengthy list 
of exclusions from the EIS requirement, an EA may still he 
required if 1;he NASA action ... may result in "significant 
environmental effects'''; 14 CFR a216.305 (e) (1988). 

534 Kiss, supra, note 125 at i984. 

535 14 CFR 1216.321(a) (1988) states in part: 
[T]he" Headquarters official shali analy~e actions under 
his/her cognizance wi th due regard for the environmental 
affects abroad of such actions ••• [and] .shall consider 
whether such actions involve: (1) Potential environmental 
effects on the ·g1ohal commons (ie, oceans and the upper 
atmosphere) •.•• (emphasis added) . 

... 

\ 

" 
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• J 

.xequlated ~ 536 :rn us documents di,scussing the, issue of the ( 
c , 

'extr~territorial application o.f ,NEPA, "glo~al' commons" is 
~ '4, ~ 

defined as' "areas outside the jurisdiction .of any countryll537 

and as othose' ragions' "outside the jurisdict;on 'of any nation 

(eg, 'the oceans, or Antarctica) •• 538. 
\ 

Commentaries on this 

question have defined global commons as "not within the 

~ jurisdiction, of any country", 539 "aIl area,:l outside the 
,-

territorial jurisdiction o! any nation, ·includin~. the oceans" 

Antarctica# and probably the qpper levels of _ the atmosphere 

;and outer spaoe,,540 and "geographical 'areae beyond the 
.. 

'j:urisdiction of any nation, such as the oceans and Antarctica,· 

:.,.i~.: ~hiçh aIl nations have a cC;)1nmon but nonpossessoXî' inter";', .. 

536 J. D~ Head, "Federal· Agency Responsibi3.ity, to Assess 
Extraterritorial Environmental Impacts" (1978), 14.Texas Int'l-" 
IiI 425 at 446. . -t '" 

&31 "Me~orandum on the Applicati~n Qf the EIS Requirement 
to Environmental Impacts Abroad of Major Federal Actions, 

\ September 24', 1976", 42 Fed Reg 61068, ~1069 (1 December 
1977) • This document also defi~es "humâh environment" as in­
cluding areas outside the jurirfd1c;tion of Any country (eg, the 
high sèas, the atmosphere); ibid., at 61068. (emphasis added) . , 

... 
. 538 "Enviro,nmental . Eff~cts Abro,-d of Major Federal 

Act1on~", Executl.,ve Order 12114, 44 Fed Reg 1957 (4 January 
1979) s. 2-3(a) [hereafter Environmental Effects. Abroad). 
(emp~asis added) 

539 Head, 'supra, note !?36 at 446. 
. . 

540 C.G. Lehmann, "The International Application of the 
National. Environmental Policy cAct of 196,9: A New Strateqy" 
(1979), 4 Washington ,0 LQ 1063 at 1-080. 

541 S.D. Sheridan, "The Extraterritorial' Application of 
NEPA Under Executive Order 12,114" (1980), 13 Vanderbilt J 
Transnat'l L 173 at 175. 
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In all these instances, the inclusion of outer space as a 
- ~ 

t 

global commons may be' inferred, sinoe outer space ia beyond 
• , l 

. the terri torial reach of any State542 • 1 As a maj or spaee 

power, the .. Uni~ed stat'1's a~eres to this definition. Howe1r, 
i t is possible that the omission/ from the N~A regulations of 

outer space' as a":"qlobal commons" was deliberate and not due 

to sloPPY legislati ve drafting, in order to avoid regulating 

on matters concerning protection of the outer spaee environ-. 
ment. 5'43 

, T~is aecision would be consistent with the international 

obliga1don~ of the united states,~ sinee Article IX of the 

Outer Space Treaty, prov'ides for internat~onal protection of 

the oùter spaee èn~ir~nmen~544. In addition, the United states 
, . 

wou1d avoid setting any regulatory pre~edents" On the other' 

hand, reguoiation of 'NASA activities affecting the global 

~ons would 'also be consistent with us responsibi1ities for 

authorization and continua1r supervision of uS: space ac-' 

542 Article II of the Outer Space tTr~aty, supra, note 14, 
states: " 

outer spa.c:e, includinq the moon and other eelestial 
bodies, is not subj ect to national appropriation by c1ai1l\;. 
of sovereigntYi by. meélns dl use or ~ccupation, or by any 
other means. 

54Vconversation ",ith Prof. stephen Gorove, Vice-Presi­
dent, IISL'L 25 March 1988. 

544- Supra, B/l (a) (vi) • 
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ti vi ties , 545 and -could resul t in _ the avoidance of harmful 

cont~mination and potentially harmful int~rference546. 
v 

While the' present NASA scheme may not provide for 

protection of the outer space environmellt and !lence for 
r 

regulation.of space refuse, NASA 

. refuse issue at the pollcy level. 
. . 

is addressing the apaee 

"" In 1981, NASA initiated a 

space refuse policy, the focus of which is the Space Debris .. . 
Assessmen~/ Pl;'og~am plan. The purpose of this plan' is nto 

define the aetivities and resources required over the next _t.en 

years to develop the necessary understanding of the "man-made 
, . 

. ~rbitai debris environment ••• ".547 Major ~l~ments of this 
.... -. '- -

plàn are environment definition, 
j' 

hazard assessment, space 

obj,ect manage;ent and policy. 548 

Based on present information,. Implementation of the 

following polieies 
,'t"" 0 

are considered "prudent .. :,. design of 

payloads and rockets to r~main intact until <..~e-entry: . develop­

ment of, techniques to moni tor popul.ation growth of space 

refuse smalle! than that currently detected; re-entry within a 

yeat· of rocket stages used. to transfer payloads from LEO to 
~ 

GEO, and a careful examina,tion of space refuse tmplications 

545 Article VI, Outer Spa ce Treaty, supra, note 14. See 
als~, supra, A/4(b). 

546,s~e, supra, text accompanying notes 358-376. 
\ ~ 

547 D.J. Ressler, !!Earth Orbital Pollutrion" in E.G. 
Hazogrove (ed.), Beyond Spaceshlp Earth: Bnv!ronmenta1 Bthics 
and the Solar System (San Francisco: Sierra Club Books, 1986) 
47 at 60. . 

.54~ Ibid., at 60-61. 
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for the placement of "either large structure~ or' a large 

number of objects . in Earth orbit".549 " Any further policy 

would be held in 'abeyance- until it is "clear what limits are 
. Î -

required to minimize the i~crease in deb»is while' maintaining 
1 

a growing space program". 550 

Sinee effective control of space refuse is an interna­

t1.onal eoncern, it has been proposed that the Unitedo states 

support the development a space r~fuse policy "applic!able at 

the international level ... [and) initiat[e) international 

proeeed~ngs t..,Q. establish a world-wide policy to avoid unneces­

, sary increases in the population of lIlan-made objects". 551p As 

a point of çieparture, i t has been recommended that the NASA 
• 

ten-year plan "should be encouraged and suppbrted at the 

international level" . 5~ 
1 

It ls env isioned tha t any space . . ' 

'refuse policy developed by the United States would first be 
'-

adopted by NASA: then extended to other US organizations -with 
" 

spaee activities, international customers of US sp~ç:e services 

and othe:r States with independent space capabil.ities, and-

549 Ibid., at 62. 

550 Id. 

, 1 

551 D. Fielder, "Considerations for policy' on Man-Made 
Debris propagation, Control. Il in Késsler and Su, sURra, note 
208, 410 at 410-11. For di~cussions of US spaee refuse, policy . 
as of 1982" see n;s .. Edgecombe, "Orbital Debris Policy 
Issues/Battelle Involvement and Some 'personal Observations" in 
Kessler and Su, ibid., 402 a.~ 406-409 and D. Fielder, "Policy 
Considerations" in Kessler and Su, ibid., at 437. 

552 M.G: Wolfe, "Orbital Debris -- CUrrent Issues as They 
Impact on 'an Expandingt'oManned' Presèhce in Space" (1985), 28 
Col.l.oquium Law of outer Space 260 at 265. . .. ' 

'" . 

• 



o 

., 

} 

o 

---'--

è'; ::,;' '; -~'; ":<:': :,~'-,',~: -;;~~'fi','ï~~~:,;:t !''''::~'i':'~~'':;J~,·''~f),'~''':I:.';t~~-''1~~'-;;~'l'~'~~-'Y:''':' t ·.<;;'W::~~:'ii~:=~ji:,"f~~"S-? :~TS?;r~~ , , . 
,ifII '''')~;JJ 

ultima~ely provide the basis 

291 

~OlicY.553 However, 
, . 

--. . 
-interllational requlation is pe o be '"inevitable" only 

~ 

Il [w]hen the environment 

satellites are obviously bei 

iLS ,1elt that any 

enterprise ~nd 

capabilities. 554 
~ , 

-In ptlorsui t of 

to ,the point that 

by impact~, sinee it. 

régiIl\e 'will stifle private 

of nations developing ;l,.aunch , 

refuse pol!cy, the united ,states 
J • 

~upports the internationa 
~ , 

community initiatives ~f ~imiza-

tion and remo"al by d rbiting., us satellites which 
-. 

havé 

completed their useful lifetimes ar.e removed from.GEO, if such 
• 

rE7rval is practicable and feasible. 555 NASA r~eentlY 

considered proposing a new international standard under which 

aIl spent rocket stag~s would be subject to braking aft~r 

payload placement. 556 
-

A Space Debris Working Group has been . 
formed to diseuss.the problèm of space~refus~ and "ideas on 

J 

,~53 Fielder, supra, note 551 .st 418. 

554 W.W~ - Mendel! iUld D.J. Kessler, "Limits to Growth in­
Low Earth Orbi t Il'. Pë;tper lAA-87-574, prepared for presentatiQll 
at 38th Congress of 'the IAF ,- Brighton, 10-17 octo~er 1987, at 
5. "". 

555 ~N, UNISPACE 82, United states Initiatives" at 
UNJ:SPACE 82, A/CONF.101/INF.3 (1.9 August 1982) 6. Bee also, 
Holise Comm. on' FO~èign Affairsi 97th Cong., 2d sess., Report 
on the Second UN Conference on the Peaceful Uses of OUter 
Spabe (UNISPACE 1982), Auqust 9-21~ 1982 (Comm. Print 1983) 
22-2;3 .': -

556 "Orbiting Junk Threatens St!ace Missions", The New 
York Times (4 ~ugust -1987) Cl. 
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how thé future situation might be improved".557 At present, 

the working group is chaired by the Depa~tment of state and 
., 

inciudes're~resentati~es from severai US Executive Department , 
agencies. 55S ' 

, 
(ii) commercial Use (OCST) 

Commercial space activities are 

cial spaoe Launch Act of 1984. 559 

qoverned by the commer~ 
Any commercial enti ty 

wishing to launch a'space vehicle with a payioad on board must 
p- ' 

obtain a launch licence. 560 Three elements of the licensing 

process relate to protection of the outer space environment 

from space refuse: mission review informati~n, payload 

determination and environmental impact assessment. 

To obtain a launch licence, any commercial payload is 

subject to the' mission review process. 561 Any commercial 

entity must, inter alfa, "submit a flight plan and staging 

data sufficient for evaluating such factors as impacts of 

spent stages and debris issues .. 562 and "identify any unique 

557 SChwetje, supra, note ;08 at 6. 

558 Id. , ,/;! 

559 49 uses Appx 2601 (1981 & Supp 1987): AlI US govern­
ment activities, military or otherwise, are exempt from the' 
provisions of the Act: ibid., s. 21 (c)(l). 

~ 

560 51 Fed Reg 6870, 6881 (1986) (to be codified at 
14 en 4l5.J(a». ,., 

561 Ibid. , at 6882 (to be codified at 14 CFR 415.21). 

562 Ibid. , at 6883 (to be codified at 14 CFR 415.25 (b» • 

L 
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• 

-~\-

"f;,-~ • '~' :. -'c~t ,",', ,., ' , r"f'.r:'\"'>: :.;~ '. ' -'::, ':~'.;'5<';f:j~t~t"""'7~~"", ";r~:1;·:~'(\W)îj·.~r!;:·:-r.~;?); .:';";,::;.,,= ',\:;i;:l:'~ 

293 .. 

hazarde posed" arieinq from the "nature of the materials to he 

launched"563 . 

A determination must be made as to whether launchinq a 

payload "would j eopardize ••• any natio~al security or foreign 

policy interest". 564 National secut;'ity concerns could include 

preventing space. refuse,. the creation of which could possibly 
. ~ 

damage or interfere with' US space activities in the most 

popul-ar areas of' ~ and GgO.565 Foreign policy interests 

include obligations created by international agreements, 566 

\ such as those under Articl-e IX of the Outer Space Treaty567. 
, 

Appl icants must also prov ide an assessment of anticipated 
... r ...-, 

safety issues; a statement on the number of missioIl;~ plaiin-éd 

for' payloads of the same or similar design; a aescr'tption of 

payload de{ign' and construction: a descr~Ption and def~nition 

56~ Id., (tc be codified at 14 CFR 415.25(c». 
7 r;-

5.~'Id., (to be codified at 14 CFR 415.27). 

565 schwetje,. supra, note 2 at 263. 

566 M. S.. Straubèl, "The Commercial' Space Launch Act: The 
Regulation of private Space Transportation" (1987), 52 J Air L 
, Comm 941 at 958. ' , 

567 Supra, note 14. Th~se obligations include having due 
regard for the corresponding interests of other Statés in the 
peaceful use of outer .space, avoiding harmful contamination of 
outer spac~ and undertakinq consultations ~f'the United states 
believes that a commercial activity launçhed from a ys 
facility coulet cause potentially harmful interference with 
another State's use of outer space; see, supra, B/l(a)(vi) and 
B/:J (a) • ~ 

.. 
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of the proposed orbit, including al~i~ude and inclination, and 
, . ", ..... 

any other appropriate informàti~. 568 
, 1 • 

Environmental impac~s of licensing commercial launèh 

activities are addressed through either the OCST programmatic 

enviro~ental assessment569 or environmental impact statements .. 
'fo:r existing launch sites. 570 This documentation appl ies 

b mainly to illlJ?acts on the environment of the launcll slte and , t . 

surrounding area. However, the OCST, as a branch of a federal 

ag~ncy , is required to prepare an EIS for any m~j or federal 

ac~ion signïficantly affecting ~uter space. 571 Exemptions 
f 

from fillng an EIS in this situation must be enacted by 

<al positive law.572 , 
If the foregoing provisions do .not provid4 sufficient 

~ \ ~ 

prçtection to outer space environment from space refuse, the 

OCST has the regulatory power to implement further safeguards: 

The Office may request that applicants provide additional 

information if i t determines that the required documentation 

does not "adequately address" the environmental effects of a 

568 51 Fed Reg 6870, 6883 (1986) (to be codified at 
X4 CFR 415.27 (a)-(e». 

571 Environmental Effects abroad, supra, note 538, 
ss. 2-1, 2-3(a) and 2-4(b) (i). 

~ _C' 572 Ibid., s. 2-5(d). 
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proposed "launch activity.573 It, may a1so require that an 

app1icant submit environmenta1 information on- "[o]th~r 
# 

o 

'factors" "\s determined by the Office •. 574 ~ereforei -keeping 

in mind U9 proposa1s for a space refuse p01icy,575 it cou1d be 

argued that the environmerit211 effects of a commercial space 
. 

1aunch activity are not adequate1y addressed if that activity 
\..Jo 

were to place in orbit a space object which wou1d create space 

refuse with an overly 1engthy lif~time or,with ~e potential 
, 

for increasing the amount of fragmentation debris or, micrôprr-

ticu1ate matter, or which had not been designed and con-
" 

st~cted so as to minimize creation of space refuse. Further- 1 

more'r" to avoid the proliferation of spac:e refuse,. t!he. ~tC~T ___ .. _ 

cou1d require that every co~ercia1 1aunch entity indicate the 
t 

steps i t has taken to remove and minimize any space refuse 

which may be associated wit.h its 1aunch activity. These 

provisions wou1d a1so reinforce and supplement OCST require­

ments for information on f1ight plan and staging data and on .. -

pay10ad determinations 'regarding public health, safety, 

national security and foreign po1icy interests. 576 

- ----_ .... _---------
57J 51 Fed Reg 6870, 6883 (1986) (to ~e codified at 

14 CFR 415.41) • 
• 0' 

574 Id., (to be codified at 14 CFR 415.43(e». 

575 See, supra, text accompanyinq notes 548-558 • . '\. 

576 See, supra, text acc~mpanyinq notes 562-568. 

, 
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(iii) Military Use (000) 

DoD as a whole, the US Air Force (USAF) and the strategie 

Defense Init,iative Organization (SOlO) are interesteÇl in the 
. 

effects of space refuse on the military uses of outer space 

and have mjtde contributions to the d~lop~ent of law and 

,policy on space refuse. 

DoD has been concerned about spa ce refuse for some 

years~ 577 When it became clear that space refuse had "the 

potential to restrict freedom of operations in certain regimes 

of spa ce , the development of a global space debris policy 

[became] very desirable·~. ~78 As a result, DoD commissioned 'a 

study in 1986 to determine whether the hazard potential from 
• 1." . ( 

space refuse was sufficient to warrant adoption of a policy 

aimed at "reducing further contributions" to the space refuse 

environment and determining whether current technology WQuld 

allow such a policy to be adopted. 579 

The study, carried out by the USAF Science Advisory Board 

(SAB), concluded that 

space debris represents a growing problem whose 
seriousness li depends on future traffic and debris 
management. ' Even wi th careful control of .future 
debris 'events 1 , the level of, debris • • • will 

577 Wolfe and Temple, supra, notè 408 at 1. 

578 :Ibid J, at 4. 

579 Id. 
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incr~_~.s,e ,throuqh fragmentatibn collisions. of""'" 
orbitlng objects. S80 , 

." . 
The SAB} recommended that ,uniform specification and design 

practices be adopted by US government" - commercial and mili ta.;y 

users of space systems in order to minimize production o'f ... 

space refuse, and that the United states take the lead in 

establishing an international commission on space refuse. 581 

This commission would "encourage cooperative measurements and 

exchange of data' on the debris environment, implement 

agreed upon specifications and design practices for future 
~ . 

space systems, and .•• encourage internati6nal co-oper~tion in 

dealing with .hazardous events and war~ings of potential 

collisions". 582 , . 
other SAB recommendations included (1) minimization of , 

the "long-l i ved" space refuse produced by Il ASAT and other 
~ 

weapons systems"; (2) development of system designs as weIl as" 

Ifmaterials and surface treatments" to achieve this minimiza-

tion, and (3) research on the "small debris environment in low. 
, 

earth orbit and its evolution", and on concepts and tech-

nologies needed "to protect Air Force' space assets from 

, 

580 "Special Report of the USAF scientific Board Ad Hoc 
èommi ttee on Current and Potential Technology to Protect Air 
Force Space Missions from CUrrent and FUture Debris (AUgust 
1987), cited in Schwetje, supra, note 408' a~ S. 

581: Id. 

582 Draft of the Special Report of the USAF SAB, supra, 
note 580, at 7-8. Q 

, " 

.J 
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debris" .. 583 The report emphasized that - i t was "c~ucial" to 

mak~ all or9anizations involved in space activities more'aware 

of "the subject of space debris in qeneral", in order to 

prevent further "degradation." of the outer space environment 

and ,to ensure the future üse of outer space by. the Air 

~rce.S84· 

As a result of this study, 000 adopted the followi~g 

policy on space refuse: 

DoD w~ll seek ta minimize the impact of space ~ebris 
on its military operations. Design and operations 
of DoD space tests, experiments and systems will 
strive to tninimize or reduce the accumulation of 
spàce ·debris consistent with mission require­
ments. 585 , ' 

While this pOlicy falls short of the SAB recommendations, it 
~ 

is significant on three counts. First, it serves as official 

notice that the major Western space power recognizes that 

_ space refuse poses an immediate problem for the use of outer 

space. 586 Second, it sU~gests that the issues raised by space 
.e. 

refuse be addressed separately from and prior to other 

environmental concerns. Third, it ensures that the space 

refuse hazard will be taken into account in situations where a 

583 :Ibid., at 8.-

584 Id. 

. 58S Department of Defense Space ~iCY (unclassified) 10 
Mareh 1987, at 3, eited in Reibel, su a, note 402 at 4. See 
also, Wolfe and Temple, supra, note 408 t 6.. ( , 

'-
586 The enactment of this policy signifies the first time 

that the issue of spaee refuse has been addressed in a major 
poliey statement of the US government; Schwetje,' supra, note 
408 at 4 • 
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military action, is deemed not to a~fect significantly the 

" outer space environment or is exempted. from the EIS. require-

ment: 587 (--

The pol iey is not wi thout i ta shorteomi~g7 however. 

creation of 'further amounts of space refuse "rrough S~I 
tests, eg) would -he j~iable, sinee "consistent ~ilitary 
requirements" would gi~e priority to possessing a 'spaee-based 

war capability over its environmental eonsec;rilences. 588 In 

addition, while minimization is a praiseworthy goal, elimina-. " 

; 

tion of spaee refuse through design and operational changes 

would he more environmentally sound. It has been stated that 

elimination is neither realistically possible, due to tech­

nol09ieal limitations, nor neeessary " sinee natural forces . 

sueh' as solar wind and atm~spheric' ~rag cleanse the outer' 

space environment. 589 . However, if the objective of R&D 
4 ~ 

l 

programmes were elimination of space refuse, the en"d rèsult 

wo~ld likely yield greater reductions than those flowing from , 

the more relaxed goal of mi'nimization. Moreover, natural 

forces will not be able ta cope with spa~ refuse if it 
1 . 

continues to increase at its present rate. 590 

587 As a federal agency, DoD is also bound hy Executive 
Order 12,114. See, supra, text-aecompanying note 571. 

588 Reibel, supra, note 402 at 4. 
,.. 

589 Wolfe and Temple, supra, note 408 at 6 • 
........ ' 

590 See, supra, Chapter One: C/1(b), text ~ccompanyinq 
note 237, and D/2 (a), particularly text accomp~nyin9 notes 
357-359 • 
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In addition to this policy statement, DoD ia planning an 

experimeht to help determine the impact \ of space refuse .on 
• 

manned and unmanned spa~ecraft. As part of a series of 

~ military man-in-space experiments on boa:rd the STS orbiter 

---"'\ when its fliqh1;s resume, military astronauts will "charac­

terize de;ris belte by visual observation and compare their 

observations with those of remote sensors".591 .. 
The USAF policy on space'refuse starts fro~ the position 

\ ' 
that space refuse will become a problem only when larger space . 

obj ects are in orbi t. 592 Toward that end, spacecraft should 

be ~esiqned to prevent breakup due ta collision; introduction 

of space 'refuse ihto outer spac'e should be minimized, and 

removal of spa ce refuse should be considered, but only if it, 

is cost effective. 593 The USAF supports the need for an 

intérnational solution to tbe space refus~ problem, involving' 
t> 

government, commer~iai and military users of outer_space.5~4 

At present, the USAF removes its satellites from GEO at 

the end. of their use fuI lives and lessens the accumulation of 
,/ 

spa ce refuse in GEO by leavinq in lower orbit spent rockèt 

bodies used to place satellites in GEO.595 In addition, USAF 

591 Schwetje, supra, note 408 at 4 • 

592 D~. Hyland,' ''Air 
POlicy" in'I<essier ahd Su, 

593 Ibid. , at 396. 

594 Ibid. , at 397. 

595 Ibid. , at 397-98. 

. • Il 
--" 

Force 
sup~a, 

. 
Orbital Position Management 0 

note 20~, 393 at 393-94. 
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Systems Command, spac~ Division pursues a minimization policy 
o 

in the operation of its space systems. Insertion of addition-

aIl refuse into space is l,imited through pre-launch and orbital -

phase planning and spacecraft design. 596 

Both the USAF and SOIO have carried out exp'erJ..ments 

which,r in ~art, contribute to the environmental definition of 

space refuse. Aware of the probiems of space refuse, one goal 
~ 

- , . 
of the P78-1 (USAF) and Oelta 180 (SOlO) tests of September 

1985 was to create as little space refuse as possible. In so' 

doing, .these tests the1ped to develop and improve computer 

simulation models for predicting collision prQbabilities and 

fragment populations resulting from collisions, and for 
-

determining which futu~re military test trajector~es wi-ll 

create the least amount of space refuse. 597 In additi~n~ the 

Delta 181 (SOlO) test of Februa:J;''Y 1988 collected data for 
Q 

investigatiQn of the spaceglow phenomenon. 598 

( 
( 

596 "Satellite Position Management",· Space OivisJ.o~ 
Regulation 55-1, c~ted in schwetje, supra, note 408 at 4. q 

~7 Schwetj e, ibid., at 5-6. 

598,"Delta 181 Mission Has Key SDI Flight Test Objec­
tives", AVWk&SpTech (23 November 1987) 30 at 31 and "S6I Delta 
181 Achieves Satellite - Data Goals", AvWk&SpTech (15 FebruarY 
1988) 14 at 16. Concerning spaceglow, see, supra, Chapter One: 
A/4(c). . 
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(b) United Kingdom 

< The Outer Spa ce Act 1986 received Royal Assent on 18 July 

1986. 599 ' On entry into force, it will apply to aIl United 
, 

Kingdom nationals carrying out space activities (ss. 1-2) • 
. 

The Act authorizes the Secretary of State to licen~e aIl such .. 
activities (s~ 3 (1». Although space refuse ls not specifi­

cally mentioned, several provisions could serve to li~t its 

creation or shorten its lifetime. 600 

To be<i licenced, UK space. activities must not jeopardize 
, , 

the safety of persons and property, must not -impair national 
,../1 

security and must be consistent with international obligations 

" (s. 4(2». Consequently, licences could be derlied for those 

space activities which, by the creation of space refuse, pose , ç 

a risk to persons and property of any state. Protecting 
1 

national security interests couId also include measures to 

, el iminate. space refuse. 601 Adherence to international 

obliga:tions will not have> a significant effect on the reduc-. 
tion of space refuse, due to inadequacies in the existing 

international legal régime. 602 Therefore, licensing. regula-
-; ~ 

fi 
tions should be compr~hensive enough to eliminate the legal 

4 
599 The Act ls reproduced in (19~. 11 Annals Air & 

Space L 41~. ~ 

600 The interpretati9ns which follow a~e speculative, 
aince regulations establishing and ÇJoverning the licensing 
authority have not yet been promulgated. 

601 See, supra, text 
~ 

accompanying notes 564-565. 

602 See, supra, B/2. 

" :. 
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lacunee at international la!, and to minimize" to the grea1;.est ~~:i' 

extent feasible, the creation of space refuse. An assessment 

procedure'~uch as that- enacted under the US Commercial Spa ce 

, Launch Act could fuifil1- this obj'ective. 603 

. . 
could he a forceful method for. protect.i.ngt the outer, space 

environment from space' refuse. However " the enumeration of 

several conditions in the statute itself may ind~cate that 

they are more likely to he attached on a regular basis; where 

necessary. Tw~ of these condit~ons relate to sp~ce'- refuse. 

A· liçensee may be required to conduct his 'space opera-

tions so as to "prevent the contamination" of outer spa ce and , . 
"to avoid interference" with the peaceful activities of other 

users of outer space. 605 These conditions could have a 
\ /-...... 

greater force than' their ihêèrnational counterparts found in 
'~ ... ~ 

Article IX of .the Outer Space Treaty.606 By omitting the-term 

603 Supra, B/4(a) (ii). The US commercial sp~ce regula­
tory procedure not only requires miss-ion review information, 
paYload determinatio~ and environmental impact assessment; but 
also conta.in~ a broad discretionary 1 power to request any " 
additional information deemed necessary to address the impact' 
on the environment of launch activitie~. 

604 Out~r Space Act 1986~ supra, nota 599, s. 5(1). 

605 Ibid., ss. 5(2) (e)(i) and (ii). 

606 Sentences 2 and 3 of Article IX of the Outer Space 
Troaty provide the basis for these conditions. For an 
analysis of these provisions, see the appropriate portions ,of 
B/l(a) (vi): for,the leqal effect of these principles, see the 

~ , 
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"harmful", the strictly utilitarian réqit;ne of the sci-lab 

J perception is a.voided. 607 Accordingly, a prohibition could be' 

placed on space activities which pose' any risk of creating 
l 

biological cont~mination' caused by terrestriai organisms. 60~ 

_ More significantly, spa ce activi~ies which could potentially 

cause any interfe,rence with the space aê::tivities of other 
~ , 

states would be prohibited, whether or not the undertaking 

state reasonably believed its activity had the potential to 

cause interference. 609 Moreover, these prohibitions are 
~ enforceable. Contravention of a licensing condition may !esult 

in cessation of the offendinq activity or disposaI of any 

space object~ breach of that condition. 610 

The licensing authority may also prescribe the method to 

be used for ).disposal of the pa~load in outer space on the 

termination of op..Jrations" and require that the licensey' give 

notice of final dispositHlI\ "as soon as practicable". 611 If 

international precedent is any indication, satellites in GEO 

relevant portions of B/2(a). 

607 Supra, Bl1 (a) (i-) • 

608 Cf, sentence 2 of Article IX of· the. Outer Space 
Treaty, supra,·text accompanyinq noteè 365-370. 

~ 609 Cf, sentence 3 of Arti9i'e IX of the Outer Space 
Treaty, supra, text accompanying notes 371-373. Presumably, 
an objective test for interference would be developed by the 
licensinq authority. 

6'10 Outer Space Act 1986, _pra, note 599, ss. 8 (1) Ch). 
and 8 (2) • 

~611. Ibid., s. 5 (2') (g) • / 

.. , ....... , ,1 
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wil~ be boosted~ while satel~ites in LEO will be braked to the 

Ea~th's atmosphere for ~sinteqration. However, the licensing 

authority could qive the t~ "disposal" the more environmen-

tally sound meaning of "r~moval" • According to this inter-

pretation, aIl satellites, regardless of their location, would 

be eliminated from outer space, if technologically feasible, 

on compl~tion of their useful functions. ) 

Al though the disposal condi tion refers solely to "the 

payload", an argument can be-made that. responsibility -for 

payload disposal, under either interpretation, entails 

responsibility for disposal of any subsequent space· refuse 

generated by that payload: Placement of the disposaI obliqa-
t:. 

tion in the licence is adequate advance notification to the 

satel'lite operator of the dut Y to dispose. Therefore, the 
.. .....,. 

operator must ensure that disposal procedures beqin as soon as 

possible after the qgeful lifetime of the payload has ended. 

~ailure to carry out these procedures i~ ~ timely manner-d6es 

not obviate the dut Y to dispose~ unless aIl duly d!ligent and 

reasonable efforts are attempted and prove to be unsuccessful • 

. '1' 
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space refuse poses a variety of hazards to the space 

activities of mankind and to the integrity of the oater space 

environment. Inactive pa~loads; opera~i~nal debris, fragmen­

tation 'debris or micropa~iculate matter could precipi tate 

coll isions and interference or could be used for mili tary 

purposes in outer spa ce. Exactly when space refuse will 

trigger an extraterrestrial tragedy is unknown, sim~e the 

number, size and location of space refuse objects cannot be 

( quantified at present with any great precision, due to the 

technological and operational limitations of space' object 

detection. without this parametric information, questions 

central to understanding space refuse behaviour cannot be 

answered. Consequently, suit,ble remedies cannot be 

developed. 

However, this much is certain: Space refuse has already 

caused~~mage to active payl.oads and interfered with Earth-

based acti vi ties . If present trends continue, it will not be 

safe to carry out activities in certain sectors of outer 

space. If the proliferation of spa.ce. refuse is not brought 

under control soon, the probability of the occurrence of a. 

space refuse risk event will 'steadily increase with the 
~ 

placement of' each new object in outer space, e~pecially in 

thof;e regions occupied by 'l.arge structures such as space 

stat;.ons. / 

The problems poséb by space refus_a. have not received any 
<-

direct consideration in international law, particularly in the 

\ 
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.: 

five space law treaties' which forro the basis for the rQCJ~_la-

tion of human activities in outer spacé and on the Moon and 

other celestial bodies. No attempts have" been made to address 

the central issues which space refuse raises: questions of 

definition, jurisdiction and control, international respon-

sibility, id'entification, and compensation for damage. 

Furthermore, any regulation of space refuse afforded by the 

principles of publiJ' int~rnational law now in place is by , 
inference at best. In most i~stanees, that inference ls very 

weak: yet even °if it were stronger, creation of substantial 

amounts of space refuse would be permissible due t,o the 

inadequacies of the existin~ legal régime. Sorne states and 

international organizations have 'begun ta address these issues 

and to develop apprepriate polieies and laws. Although 

laudable, these efforts are net sufficient. 

Due to the physical nature and legal status of the outer 

.r spa ce environment, action en an international scale, is 

nec~ssary in order to deal efficiently and effectively wi th , 

. the legal and technical issues raised by Ispace refuse. Until 
'" f- . 

a unified global initiative is undertaken, any adv~nces in 

reducing and even,tually eliminating the risks posed by space 

refuse will be haphazard and therefore inadequate. The 

proposed legal régime which follows is offered in the spirit 

CYl international co-operation for the preservation of the 

outer space environment per se and for the peaceful use of 

outer space by aIl mankind. 

.<., 

,,' 
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The régime for effeceive cont"rol of space re"""fuse is based , 
on three guiding principles: 

** 
~ ~ 

International responsibility for protection of the outer-

spa ce envirorunent entails a global approach, not a state-

centred one. Accordingly" each .state has an interest in and a 

right to an outer space erlvironment free of space refuse, a 

correspondinq dut Y to protect that environment and an obliga­

tion t:.o provide compensation for damage resulting from 1ts 
• .". -1 

breaches of that dut Y . 

** Recognizing State preferences for certain locations in low­

Eart~;Qrbit (LEO) due to the technical and economic advantages i 

they afford, and considering that manned space aC,tivities in 

LEO are restricted to altitudes between 200 and 1,000 km, due 

to physical and biological factors, LEO may be considered a 

limited natural resource of vital importance for a variety of 

spa ce activi~es. Therefore, 
... 

like the geostationary orbit 

(GEO), activities' taking place in LEO require co-ordination 

and planning to ~nsure that aIl mankind can make optimum use 

of this unique resource. 

** The environmental approach, not ~he sci-lab perspective, 

provides the foundation for the regulatory system. Conse-

quently, the objective of the régime is the total elimination 
-

of space r~fuse, rather thall1 short-term protection of specif:!.c <1 

J 

. regions of outer sp~ce ih order to satisfy the immediate needs-

of space-capable' St~es • 
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To be effective, the régime must consist o~ general 

principles of international law for facilitating the regula-, .. 
tion of space refuse, a regulatory plan for co-ordinating the .. 
control of space refuse and an organizational structure for 

implementing the plan. 
t, 

General Principles 

'l'he qeneral principles are intended to f ill the maj or 

lacunae existing at present iri the international law of oute+ 
1 

space a~ it pertains to space refuse. 

** Definition: Space refuse means those man-made obj eets in 

-quter space deemed to be valueless, as evideneed by an absence ... 
oÏ operational controL, and includes inactive payloads, 

-operational debris, fragmentation debris and micropartieulate 

matter. 

** Ju~isdiction and control: Removal of space 'refuse is 

permi-ssible without the consent of the state 'of registration 

of the sP!ice refuse obj eet, if that' state cannat .or will not 

undertake or authorize its removal. 

** International responsibility: All states are internation-

'" Ally responsible for the space refu~e -they create 'a~d 'shall 

. provide compensation for Any da~age caused by their space 

refuse, according ta the principle of restitutio in integrum. 

** Registration 1 .. î..aunching States shall record in the 

United Nations register, as soon as technologically possibleJ 

information-on the launch~g of.all actual~and potential spacè 

refuse objects, whether or not they are launehed into Earth 
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orbit or beyond, and shall provide any additional information 

necessary for assisting ~n the.detection of these objects. 

2. All space olijects, including potential 

space refuse obj ect.s, shall be marked in" order to best 

faèili~ate their prompt and accurate identification. 
\ 

."." Liability 1. The term "d~age" includes damage caused by 
J 

space refuse to, the outer space environment per'se, the Moon 

and other celestial bodies. 
1 

2 •• If a space refuse object is identifiabl~, 

the state launching that object shall be absolutely liable to 

pay compensation for'any damage caused by that object to any 

active payload; if the spa ce r~fuse object cannot be iden­

tified, a fund provided by al1 1aunching states sha11 pay 

compensation f9r any dam!1ge caused by that object, on the 
j - • 

basis of abso1ute liab~ity. 

** Prqhibitions 1.' Mi1itary or other hostile uses of space 

refuse are prohibited~ 

2. Creation of space refusEt._ for use as an 
. 
environmental modification technique for peaceful purposes is 

1 • 

prohibited. 

Regulatory Plan 

Space refuse' may be contro11ed_ by 1 preventi,ng its crea­

tion, by re~oying it from outer space or .by avoiding situa­

ti •. ms conduci ve to the occurrence of r isk events. The 
• 

regt:1atory plan stresses prevention as the primary method of 
1 

contxlJl 1lnd accep~~ remova1 as-~ an ancil1a'ry procedùre neces-

l 
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sitated by the technologica~ reali~ies of space activ;ties, 

but rej ects avoidance. Avoidance schemes, su ch as evasion 

'manoeuvres and spa ce traffic separation, should be phased out 

as soon as technologically feasible and their funding bas.es~ 
app1ied to research and development of space refuse prevention 

and re~oval techniques. Avoidance procedures only postpone 

the inev\table, carry with them econom~è and t~chnical costs 

in. excess of 

effecti veness 

their benefi ts 

to avoidance 

and are restricte~n their 

of collisions between active 

pay1o-ads and trackable space refuse obj eçts. 

The regulatory plan sets out guidelines which are 
-

flexible enough to respond to the rapid pace of scientific and 

techno1ogica1 development, yet specifie enough to ind.lcate 

clearly the scop~ of permissible activities. 

** states shal1 prevent the creation of aIl space refuse, 
, 

where techno1ogica11y feasible. Fail.ure to adhere to this 

obligation shall be deemed to be a breach of the dut Y to carry 
--

out space activities with due regard fol:' the correspanding 

interests of other states. 

*. states shall in g09d faith use their best technologica1 

efforts ta develop operational procedures and technical design 

strategies to prevent space refuse creation •. 

1. operationa~ procedures cou1d include (i) examination 

~ 

of al1 space activi ties for space r~fuse implications; (ii) 

limitation of weapons testing to altitudes at which the 

complete "decay of spac::e refuse wou1d be ensured; (iil) removal \ 
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of a.c~ive payloads on completion of their ~ferational life-
-

times, and aIl 'rocket stages, including those transferring 
_\ 

payloads to GEO: (iv) selection of orbita! parameters and 

launch windows so as to minimi~e·- the occurrence of space 
j 

refuse risk events; (v), closer spacing of active payloads in 

GEO and reduction of i ts pOP\llation through the use of antenna 
L 

farms, and (vi) re-entry of one space obj ect for ever}r o~j ect 

launched. 

2. Technical design strategies could include (i) con-

trolled payload re-entry, mul ti-purpose spacecraft and 

reusab1e launch vehicles; (ii) space t~nsportatlon syst~ms 

free of Iitter and ~ther ejecta: (iii) exptosion reduction; 

(iv) paints, thermal -coatings and binder agents which do not 

break down in outer space: (v) aluminum oxi~e-free fuels; (vi) 

recycling by manned spacecraft of waste products and gases, 

and (vii) computer mOde-ri1 and simuIat~on of space refuse 

populations. 

** AlI space ,t:'efuse 
.!Il 

shall he removed frgm outer space by 

planned and cont~lled re-entry, retrieval or disposa! 

techniques, i~ aIl good faith efforts cannot prevènt its 

creation. Natural decay mechanisms shall not be relied on for 

ramoval. 

" 1. If recyclab1e, space refuse shall he subj ect to re-

entry or retrieval. If suitable re-entry or retrieval techno­
l 

logy do'e,s not exist; active payloads (eg, telecommunication 

\ . 
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satellites) shall be placed in temporary st orage orbits until 

the necessary technology is developed. 

2. If unrecyclable due to economic or technological 

factors, space refuse shall be sUbject to manned or unmanned 
\ . 

collectlon, followed by disposaI via planned and controlled 
\ . 

decay, solar furn~ces or solar disposaI. DisposaI by solar 

system escape or placement in aolar orbit ia prohibited. Use 

--of buter space for the disposaI of any radioactive or other 

Earth-based wastes la prohlbitéd . . 
3. Use of nuclear power sources (NPS) in outer space is 

prohibited; pending development of economically and tech­

nologically suitable alternative~. Until then, aIl NPS shall 
'. 

" be' designed for use and storage in nuclear safe orbi ts (NSO). 

NSOs shall contain only NPS and shall be regulated as to their 

nUmber, orbital parameters and radioactive content. When NPS 

pose no Q risk of radioactive contamination, they shall bel 

subject to rémoval. 

- 4. AlI states undertaking space activities shall fund 

research and development of removal téchnploqies in proportion 

to their creation of space refuse. 

QrganizAtional structure 

To be successful, the organizational strudture for 

i,plementing the regulatory plan to ~ontrol space refuse must 

reflect- both the pOlitical and commercial realities-'of space 

activities • Since outer space is the common her,itaqe of 

. mankind, aIl states must have an opportunity to contribute to 

" 
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the deve10pment of the gener~1 po1icy and overall objectives 

of the.. organization. Since spa ce activities are generally 

long term, capital intensive and·high1y dependent on advanced 

technologies, the organization must function as a sophisti­

cated corporate'enterprise. 
-

The desired structure cou1d be achieved by cOmbining 

various e1ements of existing international organizations. As 

in the International Telecommunications Satellite Organiza-
. 

tiOn, po1icy could be developed by member States, while 

op~ration and management functions cou1d be the responsibility 

of a board of directors drawn from the space agencies of 

"" member states. Jf.s in the Inbernational Telecommunication 

Union, an international committee of consulting experts could 

be relie'tl on to provide the board with the most up-to-date 

scientif~c and technical informatiori on'space refuse •. As in 

the \International civil Aviation Organization, technical 

annexes containing mandatory standards and recommended 

praétices could be adopted by the board in consultation with 

the experts, in order to achieve uniformity in the ~qulation 
of space refuse. 

Whi1e thi$ ~tructural model is proposed as a solution to 

the space re~use prob1em, it could also provide the foundatlon 

for a global international organization dedicated to the co­

ordination of human activities in outer space. with such an 

orgapization, the ne~sary balance co~ld be ~chieved between 

the uxploration and use of outer space today and the protec-

, . 
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tion of ~his shared universal resource for future generations . 

.. 
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APPENDIX I: ACRONYMS AND ABBREVIAT:IONS 

Ameldcan Institutetof Aeronauties and 
Astronautics 

'\, 

Advan7.e~ Launeh System 

Antisatellite Weapons 

International Radio Consultative Committee 

Crew Emerqeney Reseue, Vehicle 
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