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The orbital debris problem and its mitigation*
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Abstract

An apprassal of cureent and future niks from spuce debris is presenied with the ad of caleulations carped vut by the MASTER
muoded The ethcucy of vanous techmical apuions  sach as Tugl senting, Je-ortating and use of & grasesard orbit  Tor cuunteracting the
groblem s discussed. The urticle then fucuses on governmental and im¢enational couperatine medsures and looks at the recenn work
done by subcommuttees of the UN COPLUOS. « 1995 Elevier Saience Lid Al aights reserved.

Avpwards. Space debris, Space debris minsganon: [niernational space negotatons

1. Introdwction

Thanks 1o the apphcation of space technology. we
enjoy global telephone. television and data neworks,
improved weather forecasting, astronomical insights into
unprecedenced depths of the universe, global views {from
space of our unmique Earth. muking us realize our re-
sponsibility to preserve it. We hase goi so used 1o these
benefits of spacefight (hat we cannol but believe 1o s
ongoing positive evolution. Most of us are unaware of
the problems which might come up from orvercrowding
of low Earth orbits {LECHand of the geostationary orbit
(GE(H with man-made space objects: the possibie space
debris crisis. We speak of “astronauts’ Istar twavellersyand
forget that presenl space activities are not reaching the
stars in the universe. but ure mamly restricted w0 LEG
alutudes below 2000 km and 10 GEO at about 360000 km.
relatively small regons which are indeed so densely popu-
lated with man-made obects 1hat collisions already happen.

There would be no such risk of collistons if anly the
roughly 450G satellnes presenily in use werc on orbt.
However, they have to share space with thousands of
abandoned satellites, spent rocket upper stages and with
muthens of debris objects of all sizes between less than

* This paper > based on un arcicle 1n German whish appearcd m
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a millimeter and some meters in duameter ongmaung
from on-orbit explosions and ather disintegrations. New
sources of such debris have been wdenutied only in recent
months: some former Sosviet orbiting nuclear reactors
lost their hqud metal (NaKy coolant forming ten thou-
sands of sohdifving droplets in the centimeter si1ze cegion.
and mostly western sold rocket motors ¢jected slag par-
tcles al the end of their burn. contnibuung w the sume
size population vover the decades, Thanks 10 the work of
the [nternauonal Academy ol Asironautics there 15 an
internationally agreed upon detimuwon of space debris:

‘Orbital debris (space debris) 15 defined us any
man-made carth-orbuting object which is non-func-
tional with no reasonable expectation uf assuming
or resuming its anlended function or any other
funcuon for which it 1s or can be exvpected to be
authenzed. including fragments and parls thereof.”

2. Orbital distribution of man-made objecis

Larger orbiung ubjects Ibigger thao around 10 emican
be detected by big radar stauons, mainly by the L'S-
SPACECOM system with some contnbulions also by
ather countnies. The US radar cutslogue. characienzing
the orbits of some X000 objects of that size. constiutes
the main data source for research wark n this teld.
Moreoser, smaller picces with sizes of some millimeters
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big ¥ Ahiwde diobution as in Fig 12, 0 1his case 9 ith a logarthmically graded ordinate 1for a1l sge groupsi
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Fig & Distnibuzion of vrlil shapes ol debris objeas jlefn Larger abjecis

< deserooing the snha shape inght

m oone gruph s esident than for 1he small objects
thh ]l mm plusi the distmibution across altiiudes 15 repre.
sented by u rather flut curve. which means that the enuire
altbitude range s almost umformly affected. On the whole.
these small partieles are the result of explosions which
catapulled them at preat addimonal veloctty into a wide
range of orbets The smal] fragments therefore assumed
highly clliptical orbies, while the mujority of satellites
circle an peararcubsr othins. This becomes apparem
front the eveentricns .« in Fig 6

3. Collisions en Earth orbit«
ST cedlivan
At LEC attirades the sstuation 1s presently guite ¢he-

i gy van be o dluserated by Figs T especially when
censidening 1hit o mere 1842 of the orbits contianed in

dl¢ sopventrdled 4 1 = 4 small atbigyis al - 2 PSS 10 01T, ELCenLigii

the US-rudar-catalogue has heen plotted there imore
dity would overcharge the grapht There are no walic
regulutions whatsoeser, so that 1the picture resemhles
4 Mochasne enss-cross of movements. We rely on pure
chance, hoping that the artal ohjecs wilt not colhide,
This approach may have been Justified 10 the carly days
ol spaceflight. when only a few space ohjects arbiied the
Earth. when every suecessiul launch was appluuded and
no-one had any imtention of additionalls burdening
spacetlight acinimies by dictanng colhimon-ree orhp,
which in effect would have meant to establish 1pafhy
rulen But today. with about 1i¥ " abjecty larger than
01 mm arbinng the earth this resulis in freguent smpacts
alums particles on gl saellnes. while the probabilaty of
coliinen with Larger obpedse s teacihed such o Jesel thai
the sstuatiem FRGUETES SCTICLES dltenton

In Fae &oabis situation s lughlighied by the mean tme
clapang between two impauis on g BRomS saellte e i
o satellite weth solag generators, or ¢ manned clement ot
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the space stationi at different orbital altitudes. The hgure
gien for b= (0K km d = | ¢m imples that the likeli-
hood of such a satellite being hit, and destroyved, by an
object larger than 1 cm within s V0-vear mission s
abowt . The actaal nisk 15 hence for the ume beng
nat extremely high, but it should nol be forgotten that,
with such . collision. several hundred mithon dollars may
be Jost. Also. this nisk s clearly on the nsc. as will be
shown below

Let us fake w look it another example. the manned
module of the mternabional spave statien. which will be
selup at an orbtal altnude below ST Ant as fram 199X,
Despate all muluple shigiding rsee below ), the impact of
an vhject larger thun 1 om would preree the cabim wall
and could, because of the sudden pressure Josa. result in
The death of adronauts According 1w the 1ahle. this

Representation ul | 5%, of arbits presently occupied by objects larger than 10 om Whether or no1 colbsyions oceur s [¢f 10 chance

happens aboul every 500 ycars or with a probability of
aboul 6% dunimg the Md-year mission: an unacceptably
high risk for the astronauts. The station will (not least for
this teason) orbit at a Jower altitude where. as shown in
Fig. 4. the object density is lower. In addition, i1 will
manoeurre ("1 10 avord collision. and 4 system of bulk-
heads and escape routes will provide additional pre-
cautions against the consequences of a pressure |oss.

32 Collision direction and relocin

When putting oneselfinto the situation on board i sat-
ellite 1or on board the space station), objects of space
debris need nat be expected 10 impact from all sides.
A possible geometry for 1w o objects colhiding on orbits at
the same altitude but n different orbital planes is
iustrated in Fig 9. It fellows from the ortatal plane
distribunon of the actual objects and their eccentricity
distribution that the impact veiooty vector idiflerenual
selocity vectord 1s almost in the horizental plae {in
parallel with ihe earth sucfave bencathl. where 1t has for
each arbilat alotude and euch orbutal plane of a gnen
satelhite a churactenstic angular distnibution Some
examples are gnen n Fig 10 dgdin based on the
MASTER muodel Such resulis provide an important
basis for desigring the space station shield

——

33 Conequernees of wn impact sfacifiog

As the impact selogings of orbytal ahyects hitting upon
the space stanon or 4 satelliie are enormous iof. Fig 161
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the provesses iahing place da oot fatl inte the categories
narnially known [rom solidestate physics The maternel of
hoth the impactung particle and the satelbige wall will
bguefy. ar ¢ven evaporate. il may even wnse, and 1he
metal dropleis, solidilfvig agamm will splash inte the -
side of the satellne The accompansing shock wases can

tear apart the entire satelbe siructure Just one telling
companson: the cnergs content of an impacung pattcke
having 3 mass of | g compares by approaimation 1o the
esplosion energy of [0 g of dvnamite - and the eflect s
simdarly dramatic. To simulate such impact processes o
eapenments on the ground. e.g. 10 be able 1o develop
shields aganst space debris, objects in the order of a cen.
umetre have to be aceelerated to velocities of 10 km stor
36000 km h). Such “shoty” are about the upper hnut of
what 15 possible and reached in the military field for
armour-piercing projectiles What s actually applied i
the method of military “shaped charges’. so that ierres-
trial experimeniation can by emploved for dexveloping
space slalion shields and for demonstranng thewr eflec-
tineness for projecules up o | cmon size.

In designing shuclds, adyantage is tuken of 1he Tact that
mpactng parhicles whenever thes penctrate a4 wall. de-
compase into an array ol droplets which. when hitung
a second wall. do much less harm than the onginat
compact particle icf Fig 11+ Sophisticated double and
multilaver sastems with interdasers of fabnce or fvamed
malenial are being used. and this v also the shielding
structure emplored for the manned madules of the plan-
ned space stalion.

4, Fuiure developments: How can the space debris crisis be
snved off?

.0 When carmvng o ds an ite post

If vhe available models are 10 provide calculanons for
the future. o Jarge number of ussumplions has 10 be
entered How muny space Jaunches wall there be per vear?
What are the wlutudes? Of what size are the satellites?
Bow many more explosions will occur! How mam
mission-related obiects will accompany each launch?

10 guite logical to assume that spacefiights wall con.
tnue ax before  the “busioess as usual’ sgenario. All
model culeulations for this wenamno made a1 gredl e
pense in the US, in Englund. Germany and Japan agree
iexcept for devighionsan dewnli on the follawing: wathin,
say. the next 1wo decades there will be an ncreasing
number of calhsions between all the space obyecis orbi-
mg the curth. This dernes from the Bact that the humber
of vollisions sncreises on the whale as the square of the
number of urbitmg abects avth othierw e identical size.
orhit and aliitude distcthuiensa, These callisons gener-
e addimonal vitutal deh:ie abeas thae huse o b
added to e nuanbet ol absects Tunched and produeed
by explosens  swhich are inewise an The fise g 12
Hlastgates s sl

After ahous Svears. the awnber ol eollison fragments
will vatweigh the number ol al? the other obyects. 1o the
course al tme. large colispsi Irdements will m their turn
rigaer new colhsiens bringimg o 10t disineegration o
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the hit objects in Ltheir wake: thes is then comparable to
a self-susiained chauwn reaction. which in the long run (and
even without any further launches) would lead 10 a silu-
ation nol unlike that of the debns rings around Saturn
and Jupiter {although at a much lower mass content). But
even an increase in object density (0 more than 10 times
the present levet within 100 years (as shown in Fig. 12)
would presumably paralyse spaceflights, as the risk for
new satellites and the financial load thus incurred would
stmply be oo high.

[Lis virtually impossible to cul this population just by
‘collecting” objects; a ‘vacuum cleaner in space’ is phys-
ically nol feasible. To take objects aboard a vehicle like
the US Space Shuitie would require a gigantic number of
highly cost-intensive missions and is therefore for eco-
nomic reasons beyond all limits of feasibility. [n view of
the long orbital life of the objects at altitudes of 1000 km
angd beyond, it is useless 10 wail for the drag-induced
self-cleaning effect (0 make itselfl felt. It wilt not provide
an answer. Should spaceflights continue as before. hu-
mankind would overcrowd near-Earth space permaneni-
Iy and (o such an extent that this space is no lenger
available for space projects. Since forecasts to this effec
are fraught with uncertainties. it shall at this poini be left
open whether this situation will have been reached in 70
or 130 years™ time. What s certaim is that it will be reached.

4.2 Countermeasures

What can be done (o miligate the debris growth or halt
it altogether? In view of the sources of space debnis as
outimed before. there are two fields where counter-
measures are conceivable:

4.2.1 Arowding explosions in orbit

To date. explosions have been responsible for most of
the space debris. which is why they have 1o be stopped by
all means. To this end, all that must be done is for
residual fuel to be discharged from all rocket upper stages
ance they have separated from the satellite. Opening
a valve will make the fuzl evaporate into space. This
measure is relatively simple and low in cost. although nol
entirely devoid of problems. as the oulside observer may
think Ta reduce space debris. residual fuel venting is now
routinely practised with all European Ariane rockets and
the US Delta rockets. and Japan has followed svit The
rockets of other nanons do not as yet provide for this
remedy. and there will be 4 transinon penod of muny
years unlil cxplosions can be avoided completeh. Bot
even then, exploding upper stages will not entirely be
4 thing of the past. Some of the upper stages expladed in
former times had been o ®but for more than 15 years,
and such events could conunue for some time 10 come.
Deliberate design can help 1o reduce the number of
satethite eaplosons, aithough complete elimination will
prose 1o be more difficuit. '
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addilion 1o the linear tncrease atinbutable to launches 8nd exploiians 1as befores thete 11 a progressive nise in collision fragments

This measure will substantialiy reduce the number of
small objects (explosion fragments). However, collisions
producing a lot of fragments mainly involve larger im-
pacting objects isatelliles. rocket upper stages). whose
number will net go down just by aveiding the explosion
nisk. This explains why explosion avoidance will be high-
Iy effecuve in the short run. whereas in the long run it
cannot prevent the actual number of collisions from
growing.

Rockel upper stages and salelliles could in the future
be destgned 1o comprise thrusters and fuel allowmpg them
10 perform a braking manoeuvre 10 make them crash
into one of the Eanh’s oceans. That manceuvre would be
performed at the end of their achive life - for rocket upper
stages immediateh after delivery of a satellite. for satel-
lites at the end of their mussions. As a consequence. orbils
arc always cleared again, and there can be no accumula-
hon of space ohjects On the other hand. this measure
will - depending on the object's orbital altitude  increase
costs by up 10 15%. if the 1mual altitude s less than
1000 km. At 1500 km plus, such & manoecuvre will hardly
be ecanomically feasible. Also, satellites that do not pos-
scss any manoceuvring thrusters would have to be re-
designed.

The cost situation can be shightly abated by just lower-
ing the orbital altitude by means of the retro-thrust. the
remaining braking achon beng laken over hy the then
censer atmaosphere. In thewr approach 10 space debr
mitigation. the LS intends 1o rely mainly on this methnd
But as thisis ot a controlled manoeuvre. the obyect need
not necessanly re-enter the denser atmosphere above ap

ocean and. unless it burns up complelety. may conse-
quently cause harm on Earth.

4.3 Efficiency of countermeqsures

[t becames apparent from Fig. 13 1hat the measures as
oullined here, if taken logether, will effectively solve the
problemn of space overcrowding. Assuming the present
populalion of objects below a size of 1 cm 1a be 100000,
different scenanos are used 1o determine how many of
these objects will populaie space afler a period of 50
years. The most extreme - and [or thal reason obviouslh
nol serious - measure of space debns mitigation would
be to completely and immediately abandon any further
spacc aclivilies. Although in this scenario 1, the number
of Jaunched and explosion-related objects will go down
isell-cleaning effeci). collisions thar will statistically take
piace within this 50-year period will generate new debris
so Lthat the total number will remain on more or less the
same level. When continuing spaceflights as in the past,
scenanio 2. the amount of space debris. and hence the
collision risk. will almost have quintupled by (he end of
these 30 vears, an increase that would be mitigated by the
different avaidance sirategies in scenarios 3 and 4.

[n the most far-reaching scenario 4, the number of
obiccts will still rise to wace the present number within
A0 ears, but afier that there will be almost no further nsc
tnot visible here). Stenario 2. fur an unmodified continua-
uun of spuce programiies on the contrary, will see a fur-
ther progressine nse after the end of the 30-vear peniod.

The measures outlined as sirategies ta prévent cop-
tinued overcrowding of near-Earth space, m particular
the eliminauon of lavnched objects by means of their
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own retra-thrusters, will add 10 the cost of future space
programmes. Bul this cost increase of up 10 20% for
some mussions will have to be accepted in the future in
order to prescrve near-Earth space for further missions.
However, even though this insight is technically no lon-
ger questioned and would also economically be accepred,
there is one major obstacle impeding general introduc-
tion of the necessary debris mitigating sirategies. the
fierce inlcrnational competition domunating space
missions. which 1oday are pnmarily commercial under-
takings. Only if and when ciearly defined 1echnical
standards of debris mitigation are binding for, and con-
Iractually accepied by, all nations, will such measures be
feasible without at the same time distorting the competi-
tive situation. This has given rise 10 the pegotiations in
this field, in particular in the UN, which are described
later.

4 4 Measures designed to counteract overcrowding of the
geestantonan orhit

Special aspects govern the geostauonary orbit {GEQ)
on which almeost all communication satctlites and some
of the weather satellites are positioned about 36 000 km
abore Earth's equator (and this means far bevond near-
Earth orbits considered so far) in such a way that the
stand sull in relation 10 the Eanh's surface. Here, no
braking effects come to bear thal might deprive them of
any of thewr enesgs. which is why all the objects taken to
GEO remain there  Inerally for all etermity As a conse-
quence, the population of GEO satellues cither still oper-
ated or alreads abandoned has nisen constantly since the
first days of spaceflaght. The current GEO satellite den-
si1y above the geographic longiude is depicted in Fig. 14
There are up 10 six obyects per each angular degree. it
should, howeser. be noted that on GEO. one angulat
degree corresponds 1o the curve length of gbout 736 km.
Far GEO. the collision tisk 1s at present onlv abuout

one-tenth that of near-Earth space; because of small
objects that have so far escaped detection, it may. how-
ever, also be higher. As the lime-relaled rise in object
density is even more rapid here than in near-earth space,
GEO. which is so immensely important for space pro-
grammes, can ¢asily become overcrowded for all Lime
and thus unfit for further use.

The spacefaring nations became aware of this risk
quile early on, and they have as yet withoul binding
effect - applied the following sirategy: at the end of their
active missiens (normally after seven to ten years) GEQ
sateilies will, with fuel specifically saved for this purpose,
be taken 1o a "graveyard orbit” some 300 km above GEO.
Here they will be “buried” by fuel venting and batiery
discharging - a remedy that will solve the problem for the
coming decades. Bul in the long run., overcrowding might
eventually entail collisions also in the graveyard orbit,
the lragmenis of which may in tum again affect GEO.
For the 300 km hifting manosuvre, ebout 3% of earnings
thal might have been achieved with the satellite are
waived, and about 140 satellites have already been taken
to the graveyard orbil on a voluntary basis. The satellite
position thus cleared in GEO 15, however, ofien occupied
again by the same user, which shows thal a ceriain
seil-interest cannol be denied here.

8. Problem awnreness at the gorernmental and
international bevehs

51 Gorvernmental measures

OCn the msugation of his scienulic and techmeal ad-
visers, 'S President RoAfld Reagan decreed. 1o Febru.
ary 1988, the presidential policy tha "all space sectors
will seek (0 mimamise the creatuon of space debns ...
This was the first ime that the objective of near-Earth
Space preservation had reached the highest political
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levels. Fur NASA and other US organisations this was
lanlamount o a direclive, in response 10 which they
prepared common papers that might finally fow nto
domeslic legal regulauions on the avoidance of space
debris. In doing this, the USA is taking the lead, ahead of
all ather nations.

trom about 198% a process has been iniuated that
shifts the awareness of a dawning space debnis crisis [rom
scigntists to the decision makers, the politicians. Scien-
usts have made a great contrbunon ta this effect. The
renowned University of Chicago. for instance. organised
as part of a programme to commemorale the [00th
anniversary of its foundanon a three-day symposium
‘Preservation of Near Earth Space for Future Genera-
uons’ 1o which experts [rom all over the world were
invaed for an exchange of opinion with space junists and
NASA and DO admunistrators. The work done in
Furope in this connection was presented by the author.

Rut let us turn back some vears. The European Space
Agency I1ESA) was one of the first big space agencies Lo
hase se1 up. in 1987, a Space Debris Warking Group
which 1n 198 presented the first Report Space Debris
1ssued by a gosernment arganisation. This group of ten
space debris experts of all European nations tand ESA
staflt continues te exist under the name ESA Space De-
bris Advisary Group; it gives its opinion on ESA spuace
projecis as regards the space debris aspect and gives ils
appraisal of the European research programme o this
field The Group has since \he beginrung been chaired by
the author ire-clections <o far are on a two-year basis. In
19%9 the L'SA followed suit with their Report on Orbital
Dehris by Imicragencs Group 1Spacel. which was drawn
up by 4 NASA, DOD, DOT and NOAA ineragency

group and was updated in 1996 by a (ollow-up report.
Both the European and the American reports represent
the official view, hughlighting the technical particulars of
the space debris problem, and they recommend measures
designed to mitigate Lhe prablem.

Following the above ESA report, the supreme deci-
sion-making body in ESA - the ESA Councit - Llock up
the space debns issue and the ESA Council Resolution
‘ris-a-vis the Space Debnis Problem™ was decreed.

In the wake of the US Presidential policy directives
and the above interagency reports, NASA has recently, in
a NASA Management Instruction and in the NASA
Safety Standard {which took several years 10 produce),
presented detailed technical data on debnis avordance for
all LS space ventures. be they government ot privaiwe
cnterprise projects. These papers do not just aim at
explosion avoidance strategics, bul also at the elimina-
tion of abandened objects from their orbits, or. as 2 min-
imum requirement. a imitation of their orbital life to less
than 25 years. Currently. this Standard is being passed
through the different decision-making bodies of NASA
and a1 US munusienal level, and it remains 1o be seen (0
what end these good intennons will come. ESA has
prepared stmilar papers. the ESA Space Debnis Mitiga-
tiorn Handbook and somec pravisions in the European
Cooperation For Space Standurdization. ECSS, on
which coordination processes are under was among ESA
and the Furopean space indusiry.

§ 2 Fowards mticrnational aprecments

What 1s certwin i that such measuren will not he
introduced umilateralls and without due consideration of
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other nations and space agencies. Agains! the back-
ground of a world-wide economic competition no coun-
try will accept additional costs for measures of space
debris avoidance if it cannot be sure at the same time that
compeutors will pursue Lhe same course. Governments
and space agencies have hence at an early stage aimed at
clanfyimg the issue and any countermeasures al an inter-
national and interagency level. The knowhow of almost
the entire spacefaring world 1s being pooled in the [n-
teragency Space Debris Coordination Group (1ADC),
which is constiluted by NASA. ESA. the Russian,
Japanese. Chinese and other space agencies — that is Lo
say. under government authonty. The conferences. held
at six-monthly intervals (with the author taking part as
an ESA observerican be expected to produce technically
{ounded, economically viable and efficient measures de-
signed Lo counteract a continued increase in space debris,
which. when presented. will already have received Lhe
approval of the main spacefaring nations.

This would be an important step in the final process of
uniting humankind in this field. Following a resolution
taken by the General Assembly of the United Nations.
since 1935 space debris has been an official item on the
agenda of one of the United Nalions space commitlees
- the Scienlific and Technical Subcommittee (STSC).

Ln the L'N. the space commiltee praper is the Commit-
tee on the Peaceful Uses of Ouier Space (COQPLOS)
which 1s supported by two subcommutiers. namely the
Scientific and Technical Subcommittee already men-
tioned and the Legal Subcommitiee, LS. The actual work
is done in the 1wo subcemmittees. the main commitiee
confirmimg this work on the political level. According 1o
normal procedure, a matier is first discussed in the Sci-
entific and Techmical Commitiee, the Legal Commitiee
may process il inlo a legal 1ext, which, once confirmed in
the Main Commutee, is passed by the General Assembly.
The safety principles on the use of nuclear power sources
(NPS) in space. for instance, 10 which Germany contrib-
uted decisively, went through (hese very slages until
adopted by the General Assembly in 1992

A simlar procedure can perhaps be expecied o be
apphed 10 the space debris problem. which 1s why the
first wording of the 1ssue in the Scientific and Technical
Subcommutiee 1s gaintng a similar importance as the text
on NPS at the time The Committee has decided or
a fined schedule of three or fourt vears. during which the
items “space debny measurements’, ‘space debnis model-
lng” and “mecasures of space debnis mitigation” wil be
covered in this order. At the two-weck meetings held in
Viennain February each vear. the 65 delegations present

their opinions. and the technical papers submilted by
experts of the difiereni nations are discussed. [1 is int-
ended lo draw up a technical STSC report. which finds
the support of all the UN nanons and defines suvilable
miligalion measures to counleract continued overcrowd-
ing of near-Earth space. The outstanding role the UN
assumes in this context has 10 be seen in the unanimous
consensus between all nations on the way in which space
debris jeopardises luture space projects. in this siluation,
il might for the first time be possible (o arnve at a global
and thus a radical solution to the problem.

In February 1996, the author was elected chairman
of the Scientific and Technical Subcommittee of the
UN Space Committee, the vote, tike all commitiee deci-
sions, bemg a unanimous vote by all the delegations.
Although 1here are 1 items on the agenda, many delega-
lions presently give priority 10 the space debris issue.
As chairman of the commintee. [ would like (0 sce
the task successfully concluded within the envisaged peni-
od. perhaps [ will also sec the L'nited Nations usc
concerted action 10 avert the threat future spaceflight
has to face with the overcrowding of near-Earth space
and GEO.

But new problems are dawning in ncar-Earth space:
consletlations of up 1o several hundred new satellites
planned far one single project iworld-wide communica-
tion via cellphones) have 10 be examined wilh a view 10
their influence on possible collisions. Giobal manage-
ment of near-Earth space seems Lo remain one of man-
kind's permanent tasks.
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