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The ESA Space Debris Team

ESA’s resident expert on space debris, Walter Flury, joined ESA in 1971 and has been involved in
ESA's space debris activities since the mid 1980s. Prof. Dr. Flury is the Head of the Mission Analysis
Office at ESOC which includes the coordination of ESA's space debris research activities. He was the
technical officer for the ESA space debris telescope and space surveillance feasibility studies. He has
served as chair of the programme committee of the European Space Debris Conferences every four
years since 1993, and has been the main scientific organiser of space debris sessions at the IAC and
COSPAR congresses.

Heiner Klinkrad joined ESA in 1980. His involvement in ESA's space debris activities started in 1988.
Dr. Klinkrad is the senior mission and space debris analyst in the Mission Analysis Office at ESOC.
He is the deputy coordinator of ESA's space debris research activities and the technical officer for
ESA's space debris environment model MASTER, the DISCOS space object database, the ESA Space
Debris Mitigation Handbook, conjunction event predictions (e.g. for ENVISAT and ERS-2), reentry
predictions and space surveillance feasibility studies. Dr. Klinkrad served as co-chairman of the
programme committee of the European Space Debris Conference in 2005.

Gerhard Drolshagen works in the Space Environments and Effects Section at ESTEC. He is mainly
involved in all space debris and meteoroid activities which are related to the space segment including:
impact risk assessments, protective shielding for spacecraft, in-situ impact detectors, post-flight impact
analysis, impact databases and data analysis, and development of impact risk assessment tools.

Michael Lambert has been involved in space debris activities at ESTEC since 1986. In particular, his
work was devoted to exploring possible protection for the European Module of the Space Station.
More recently, technological work has focused on three topics: material and configurations
characterisations under hypervelocity impacts, the exploration of experimental techniques, and the
validation of numerical simulations.

Ruediger Jehn joined the Mission Analysis Office in 1989 as a space debris analyst and the DISCOS
database administrator. He currently manages several space debris-related contracts and is a member
of the IADC Working Group 4  and, as such, is actively involved in drafting the international space
debris mitigation guidelines, which are currently under discussion at the United Nations.

Markus Landgraf first became involved with space debris while working at the Johnson Space Center
in Houston where he analysed data from natural debris, i.e. meteoroid impacts onto the Pioneer
spacecrafts. Since having joined the ESOC team in 1999, his activities include: radar measurements,
modeling the meteoroid environment of the Earth and working with the IADC.
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Cover illustration: 
Observable debris population as of 8 October 1989, based on NASA/USSpace    Com data. Objects have been considerably enlarged in order to make them visible.
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Satellites in orbit around the Earth are used in many areas and
disciplines, e.g. space science, Earth observation, meteorology,
climate research, telecommunication, navigation, and human
spaceflight. They enable the collection of scientific data or offer
unique possibilities of research and exploitation (both scientific
and commercial) in many areas, for the benefit of a large user
community.

In the early days of space exploration, one of the great
concerns was that spacecraft would be damaged by collisions
with meteoroids. This concern proved to be unfounded. The
flux of meteoroids of a damaging size is generally small.

With space exploration, however, a new and unexpected hazard
has emerged: space debris. Since the launch of Sputnik on 
4 October 1957, more than 4200 launches have placed about
5500 satellites in orbit. The US Space Surveillance Network
(SSN) is currently tracking about 13 000 man-made space
objects. About 9000 of these are unclassified, of which only
about 700 (7%) constitute operational satellites. Therefore, 93%
of the trackable objects are space debris. This term denotes
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THE SPACE DEBRIS ENVIRONMENT

“any man-made Earth-orbiting or reentering object which is
non-functional, with no reasonable expectation of assuming or
resuming its intended function, including fragments and parts
thereof ” (adopted definition). Nearly half of the trackable
objects are fragments from explosions in space (40%); others are
discarded upper stages from launch vehicles (18%), defunct
satellites (25%), ejected covers, tools dropped by astronauts or
other mission-related objects (10%). Despite a reduced number
of annual rocket launches, their number is steadily increasing.

At present the major work on space surveillance (systematic
tracking and correlation of space objects) with radars and
optical telescopes is carried out by the USA and Russia. The US
Space Surveillance Center is processing radar and optical
observation data of 13 000 orbiting objects, mostly the size of
tennis balls or larger. The minimum size of these objects is
about 5-30 cm in low Earth orbit (LEO: 200-2000 km) and
about 1 metre in geostationary orbit (GEO: 35 786 ± 1000 km).
The number of fragments down to 1 cm in size is estimated
from computer simulations to be several hundred thousand.
These fragments are potentially very dangerous to space
missions. With current technology, debris of this size is almost
impossible to track. France is developing an experimental space
surveillance system (GRAVES), which will offer limited space
surveillance capabilities in LEO by 2006.

Upper stage rockets which do not release their
fuel may explode in space and are therefore a
potential source of debris.
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Of most concern are the long-term prospects in LEO, as well as in
GEO: the two most heavily used and endangered regions in space.
New developments such as multi-satellite communication systems in
LEO are likely to influence the future evolution of the total num-
bers of objects in space, e.g. the IRIDIUM project with 66 satellites
(plus 6 spares) in polar orbits at 780 km altitude, Globalstar 
(52 satellites) at 1400 km altitude, or OrbComm (36 satellites) at 
825 km. The largest growth area is commercial satellite
communications.

Satellites launched into LEO are continuously exposed to braking
forces from the tenuous upper reaches of the Earth's atmosphere.
Depending on the altitude, after a few weeks, years, or even a
century, this resistance will decelerate and heat the satellite so that it
breaks up, or reaches the Earth’s surface. For large reentry objects
one can expect that up to 30% of the mass may reach the ground.
At higher altitudes, i.e. above 1000 km, airdrag becomes less effective
and objects will, in general, remain in orbit for extended periods of
time. As a consequence of normal operations, breakups, other
release events, and natural cleansing mechanisms (airdrag in concert
with lunar/solar perturbations) the spatial density (concentration) of
space debris reaches maximum values in the altitude range 800 to
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1000 km, and near 1500 km. Spatial densities in GEO and in the
orbits of navigation constellations (MEO) are smaller by two to
three orders of magnitude.

Currently, the main growth factors of space debris are launch
activities and breakups in space. With a linear increase in the debris
population, the risk of collisions increases quadratically with time,
and within the next 100 years more than 40 catastrophic collisions
can be expected unless appropriate debris mitigation measures are
applied. This means that the number of large objects in orbit needs
to be controlled, and that spatial object densities particularly in LEO
must be kept below a critical level (“critical density”). Exceeding this
level could ultimately (within a few hundred years) result in a run-
away situation, with self-sustained collision cascading, even if all
space activities would be discontinued. Although the current
collision risk is still at an acceptable level, it is for this reason that
extensive debris prevention measures must now be introduced by all
space operators.

Current debris reduction measures are primarily preventative, with
the aim to avoid the generation of operational debris and avoid
rocket explosions in space. However, in order to avoid an
unacceptable degradation of the space environment, stronger
measures have to be considered, such as the deorbiting of upper
stages and spacecraft after mission completion (preferred LEO
option), or their reorbiting to regions of low spatial densities
(preferred GEO option).

Regions requiring protection:

Low Earth Orbit (LEO)
Earth surface up to 2000 km

Geosynchronous Earth Orbit (GEO)
Earth surface 35 786 ± 1000 km 
(equatorial latitude ± 15º)
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Risks in Space

A major concern with space debris is that it might strike, and disable or destroy an
operational satellite. A 1-cm size fragment orbiting at speeds over 28 800 km per
hour, or 8 km per second, leads to mean impact velocities with an orbiting satellite
between 38 000 and 58 000 km/h. This is a regime which physicists call
"hypervelocity”. A collision with an object larger than only 10 cm could shatter a
satellite.

The bigger an object, and the longer it stays in space, the greater the chance of it
being hit by orbiting debris. There is approximately a 4% chance that during its
projected 17-year lifetime, the Hubble Space Telescope (HST) will be severely
damaged by a collision with space debris larger than one centimetre. In the next
five years, ESA’s Envisat satellite has a 3 to 4% chance of colliding with a 1-cm size
particle.

Particles smaller than a few millimetres in size cannot be detected from the ground,
although they exist in large numbers. Because of their high impact velocities, even a
sub-millimetre-sized particle can cause damage to sensitive equipment and lead to a
degradation of surface materials. Information on the small-size debris (and
meteoroid) population in space, and on their impact damages, can be obtained by
the analysis of retrieved hardware and by in-situ detectors.
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The GORID and DEBIE-1 in-situ impact detectors of ESA provided information
on the sub-millimetre-sized meteoroid and debris population in space. GORID
was launched on the Russian Express-2 satellite in September 1996 and completed
its mission in July 2002 after more than 5 years of nominal operation in GEO.
DEBIE-1 was launched onboard PROBA into a low polar orbit in October 2001,
and has been in full operation since August 2002. GORID found that many debris
detections in GEO occur in time-clusters, indicating that they originate from debris
clouds. The total number of (small size) debris particles measured by the in-situ
detectors appears larger than predicted by the models.

The University of Chicago’s Space Dust Instrument (SPADUS) was launched in
February 1999 on the US Air Force’s ARGOS satellite in an 830 km nearly polar
orbit. It is designed to measure the mass, velocity and trajectory of particles smaller
than 100 microns and it has recorded several hundred impacts.

Micron-sized particles are believed to have impacted the sensitive CCD detectors of
ESA’s XMM-Newton X-ray astronomy telescope on at least 3 occasions, leading to
permanent damage of some CCD pixels. This shows that even very small particles
can be of concern to sensitive space instruments.

Collisions between trackable space objects are still a rare event. However, the first
confirmed collision between two catalogued objects occurred on 24 July 1996,
when the French microsatellite CERISE, launched in July 1995 into a sun-
synchronous orbit at 660 km altitude, was hit and damaged by a trackable fragment
of the exploded third stage of Ariane flight 16, launched in 1986. The relative
speed at the time of collision was about 14 km/s or about 50 000 km/h.

One solar array of the Hubble Space
Telescope was retrieved in December 1993
after exposure for 3.6 years at 600 km altitude.
The solar generators form part of ESA's
contribution to the HST. Each array has an
exposed area of 60 square metres of which 
21 are covered by solar cells. A second set of
HST solar arrays was exchanged and retrieved
in March 2002 after 8.24 years in space. Both
solar arrays with a total exposed area of 120
square meters were returned to ESTEC for
detailed impact studies. Thousands of impacts
were visible with the naked eye. More than
170 impacts completely penetrated the solar

Two large fragments of a Delta second stage which reent

recovered in Georgetown, Texas. The large object seen here

mass of more than 250 kg which landed only 45 metres from

1996 and after delivering its payload to an orbit at 910 km

propellant-depletion burn which moved the vehicle into a 2

lifetime of the stage from several hundred years to only nine
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orbits around 250 km altitude. At the end of the operational lifetime of a
RORSAT satellite, the usual practice was to separate the reactor from the
main body and to manoeuvre it into a higher, circular orbit at 900 to 950 km
altitude. The reactor should remain in that orbit for several hundreds of
years to permit sufficient decay of its radioactive inventory. A couple of
dozen surviving nuclear reactors from the Kosmos series together with other
Soviet or American NPS systems make up an estimated one ton of uranium
235 and fission products in orbit. Since the early 1990s, observations with the
Haystack radar indicated that some of the Russian RORSATs have dispersed
cooling liquid (a sodium-potassium alloy) when their reactor cores were
ejected. As a result, several hundred thousand spherical droplets were formed
with sizes between 1 mm and 5.5 cm. Of these only the larger objects are
still in orbit, with a total mass of less than 50 kg.

Until now, two RORSAT satellites have reentered the atmosphere after their
nuclear reactors had failed to be boosted into a higher orbit at their end-of-
life. In 1978, Kosmos 954 spread a large quantity of radioactive debris in the
Great Slave Lake area of Canada and, in 1983 the reactor core of Kosmos
1402 reentered over the South Atlantic.

Nuclear power sources are part of a general problem related to the
protection of the space environment. Their use is regulated by the UN
Principles on the Use of Nuclear Power Sources in Outer Space, as adopted
in 1992. The use of nuclear power sources should be restricted to missions
that cannot be realised by using other energy sources (e.g. deep space
missions to the outer planets).

Ground Impacts and Nuclear-Powered Spacecraft

Every day fragments of satellites and rocket stages enter into the denser
layers of the atmosphere, where they usually burn up totally. At that altitude,
spacecraft have a typical velocity of about 28000 km/h. Friction with the
tenuous atmosphere heats up the spacecraft. The material on the surface of
the spacecraft begins to melt and evaporate, while at the same time the
vehicle is decelerated. In the case of very compact and massive spacecraft
(mass of several tons), the melting and evaporation process will not be
complete, and fragments of the vehicle may reach the Earth’s surface, e.g.
Skylab, Kosmos 954, Salyut-7/Kosmos-1686, and Mir. In such cases, up to
30% of the spacecraft mass may impact on the surface.

For people and property on the ground, the hazards posed by reentering
spacecraft or debris are generally extremely small. So far there has been only
one reported injury and no fatalities (except for accidents with manned return
vehicles).

Another source of debris are nuclear power sources (NPS) of low-orbiting
radar ocean reconnaissance satellites (RORSATs). Until 1989, the former
Soviet Union had launched 31 nuclear-powered surveillance satellites into

array which is only 0.7 mm thick. On average each
solar cell (of size 4 cm by 8 cm) was hit by 
12 particles leaving a crater of 2-3 microns or larger.
A chemical analysis of impact residues has shown
that most impacts from particles smaller than about
10 microns are from space debris resulting from the
exhausts of solid rocket motors. At the HST
altitude, the particle size range 10 microns to 1 mm
is still dominated by natural meteoroids. Larger
particles are mainly space debris again (e.g. paint
flakes or fragments).

The European Retrievable Carrier (Eureca) was
returned to Earth in June 1993 after 326 days in
space at around 500 km altitude. The combined
exposed area of Eureca (spacecraft body plus solar
arrays) was about 140 square metres. There were
also a number of visible craters.

Despite the large number of visible craters on the
Eureca and HST solar arrays, no functional failure
was observed on either spacecraft. One spring on
one of the HST arrays retrieved in 2002 was
apparently broken by an impact of a sub-millimetre-
sized particle. Because of sufficient redundancy this
did not cause any problems.

h reentered the Earth’s atmosphere on 22 January 1997 were

en here is the main propellant tank made of stainless steel with a

es from a farmer’s home. The full rocket was launched on 24 April

910 km altitude, the rocket stage was commanded to perform a

into a 207 x 860 km orbit. This manoeuvre reduced the orbital

only nine months.

This image shows the results of a lab test impact between
a small sphere of aluminium travelling at approximately
6.8 km per sec and a block of aluminium 18 cm thick.
This test simulates what can happen when a small space
debris object hits a spacecraft.
Al sphere diameter: 1.2-cm; mass: about 1.7 g
Impact crater diameter: 9.0 cm; depth: 5.3 cm 

In such an impact, the pressure and temperature can
exceed those found at the centre of the Earth, e.g. greater
than 365 GPa and more than 6000 K.
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Due to high orbital velocities, the cleaning up of existing
debris in space is unrealistic and would be extremely costly.
Therefore, protective measures must be taken which focus on
the prevention of further debris.

Protection

Current protective measures include:
- shielding: Due to design limitations, this is effective

against particles smaller than 1 cm
- enhanced structure & placement of critical equipment 
- collision avoidance (evasive manoeuvres).

Prevention

There are a number of ways of limiting the amount of debris
released into orbit each year. One such measure is the
“passivation” of satellites and orbital stages (i.e. the depletion
of latent energy sources). For instance, left-over propellant in
upper stages can be vented or used up by a depletion burn, in
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order to avoid a possible future explosion. With this approach,
a major debris source will be eliminated. In the case of Ariane
launches, since flight V59, it has been standard practice to free
the upper stage from residual propellant, to release pressurants,
and to deplete and short-circuit batteries.

The number of satellites in GEO is steadily increasing.
Currently, more than 300 geostationary satellites are in
operational use. At the end of their mission many satellites in
the geostationary orbit are boosted upwards by several
hundred kilometres to a "graveyard orbit", to free the orbital
slot which was allocated to the operators, and to avoid the risk
of collision. ESA, for instance, has reorbited GEOS-2, OTS-2,
Meteosats 2, 3 and 4, MARECS-A and B2, ECS-1, ECS-2 and

Evasive Manoeuvres
The Space Shuttle’s windows, radiators, thermal tiles and other outer surfaces are inspected for  impact features after each flight. For safety
reasons even windows with impact craters caused by particles only a fraction of a millimetre in size are usually replaced, leading to more
than 120 window  replacements. Space Shuttle Discovery  performed a  manoeuvre on 8 December 1992 to avoid  a 10-cm piece of orbital
debris. This was not the first time that the Shuttle have moved away from a breakup fragment. Previous avoidance manoeuvres were caused
by  Kosmos rocket upper  stages on 16 September 1991 (Discovery)  and 28 November 1991 (Atlantis). A collision would have led to the
destruction of both Shuttles. On average, the Space Shuttle performs about one avoidance manoeuvre on every tenth mission.

The International Space Station had to change its velocity on  26 October 1999 by 1 m/s to avoid a Pegasus  upper stage. On 30 May 2003,

ESA first gathered experience in shielding a space

vehicle against debris in building and flying the Giotto

scientific satellite for the encounter with comet Halley

in 1986. Giotto was equipped with an ingenious

"bullet proof" shield, inspired by Fred L. Whipple,

who found that an effective method to protect against

hypervelocity impacts is a double wall structure: the

outer wall acting like a bumper shield shatters the

impactor, while the back-up wall is only struck by

smaller sized, molten or vaporised particles, which

are spread across a wider area, causing a reduced

pressure load. When Giotto crossed the path of Comet

Halley, it was travelling at 68 km per second. At that

speed it was ‘sandblasted’ by dust grains, and the

spacecraft was struck 12000 times.

Image of Mir produced by

FGAN’s tracking and imaging

radar (TIRA).

spacedebris2/test  08-04-2005  07:07  Pagina 8



ECS-5, into a graveyard orbit. Unfortunately, not all spacecraft
operators comply with the international recommendation to
reorbit spacecraft 300 km above GEO after the end of a
mission. During the last seven years, 34 out of 103 satellites
were reorbited according to international recommendations,
35 were reorbited to an insufficient height, and 34 were
abandoned at their operational altitude, thus crossing the
geostationary ring twice a day.

In LEO, the deorbiting of satellites and rocket stages at the
completion of their mission is also possible. The ideal procedure
is a fuel demanding, direct, controlled deorbit (within one orbit),
where the entry location can be selected to reduce the on-
ground risk (e.g. Mir, ATV). Alternatively, a fuel-efficient,
delayed deorbit can be performed (e.g. within 25 years), leading
to an uncontrolled, destructive reentry, with no control over the
ground impact footprint (in the case of surviving fragments).
Such debris control options, however, may require significant
design changes, or new technology developments (particularly
for removal from higher altitude orbits).
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Other possibilties could be destruction by laser, or a laser-
induced reduction of the orbital lifetime by ablation of material.
If the objective is destruction, it must be performed so that the
debris object is totally evaporated, otherwise additional objects
will be created. Currently, both options are far from being
technically mature and are not ready for application.

A feasible and realistic approach towards space debris mitigation
is documented in the IADC Space Debris Mitigation Guidelines
(Inter-Agency Space Debris Coordination Committee). This
international consensus outlines ways to minimise or avoid 
space debris. As part of the guidelines, satellites and rocket
upper stages must leave LEO within 25 years after mission 
termination.

Russian flight controllers fired the Progress 10 cargo ship’s engines for seven minutes to raise the orbit of the ISS about 1.8 km, out of
the path of a satellite. Since late 1998, the Station’s orbit has been adjusted  six times to avoid other orbiting objects (this corresponds to
about one manoeuvre per year).

Evasive manoeuvres were performed by ERS-1 in June 1997 and in March 1998; by SPOT 2 in July 1997 to avoid a close encounter with
a US rocket body; by ERS-2 in March 2004 to avoid a potential collision with a Kosmos 3M  upper stage (mass 1400 kg, relative velocity
14.8 km/s); and, in the same year (September and October), by Envisat. The  potential collision objects were  Kosmos 1269 (740 kg) and
a Zenith-2 explosion fragment.

At the end of their mission many satellites in the geostationary

orbit are boosted upwards by several hundred kilometres to a

"graveyard orbit". This frees their orbital slot and avoids the

risk of future collision.
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In 1986, ESA’s Director General created a Space Debris Working
Group with the mandate to assess the various issues of space debris.
The findings and conclusions are contained in ESA's Report on Space
Debris, issued in 1988. In 1989, ESA’s Council passed a resolution on
space debris in which the Agency's objectives are formulated:
- minimise the creation of space debris
- reduce the risk for manned space flight
- reduce the risk on ground due to reentry of space objects
- reduce the risk for geostationary satellites
- acquire through own facilities and in cooperation with other space

agencies the data on space debris which are necessary to assess
the extent of the problem and its consequences

- examine the legal aspects of space debris.

In December 2000, ESA’s Council approved the resolution for a
European policy on the protection of the space environment from
debris. ESA Member States would hereby take measures to ensure that
legal and economic aspects connected with space debris are studied in
the most efficient way, with the goal to present and support initiatives,
in particular within the UNCOPUOS.

Discussions are held with national space agencies in Europe in order
to harmonise research activities, make optimum use of facilities and
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Geostationary Orbit
Impact Detector

(GORID)

Teide Observatory

FGAN/TIRA Radar

identify an agreed set of mitigation measures. A research programme,
carried out jointly by ESA and national space agencies and entities in
the ESA Member States, has been initiated. The following major
activities were identified: improved knowledge of the environment,
risk assessment, and protective and preventive measures.

Europe contributes to the knowledge of the environment with:
- ground-based radar measurements
- ground-based optical measurements
- analysis of impacts on spacecraft and parts returned from space
- in-situ detectors for small-size particles.

Several radars exist which can be used in special modes to track and/or
detect objects in LEO. Several optical telescopes are also used for the
observation of space debris, particularly in GEO. 24-hour measure-
ment campaigns in LEO are carried out once or twice per year with
the FGAN radar (located in Wachtberg, Germany). About 500 objects
larger than 2 cm are detected during each campaign, of which only
about 20% are contained in the US catalogue. The first 24-hour 
bi-static radar experiment in Europe for the detection of even smaller
objects was carried out on 25-26 November 1996, jointly by the
FGAN radar and the largest steerable radio telescope in the world, the
100 m antenna at Effelsberg (Max-Planck-Institute for Radio-
astronomy). The detection limit in the 800 to 900 km altitude region
was at diameters of about 9 mm. The results are used to validate and
improve the European space debris model MASTER-2001.

The Teide Observatory (Canary Islands), with its 1-m Zeiss
telescope, is an optical ground site for the SILEX experiment within

the Artemis project. A new optical system in the Cassegrain
focus and a 4096 x 4096 CCD camera have been developed in
order to use the telescope for space debris observations,
particularly for objects in geostationary transfer orbits and the
geostationary orbit. With this telescope, European space debris
observation capabilities have been substantially improved.
Depending on material properties and illumination, objects of 2
to 6 cm in LEO and 10 to 30 cm in GEO are detectable.
Observations in GEO have shown a large population of
previously undetected objects in the 20-cm to 100-cm size
region. Recent observations led to the discovery of more than
50 faint objects, about 30 cm across, in eccentric orbits near the
geostationary ring. The origin of these objects is not yet known.
Orbital characteristics indicate that they could be lightweight
pieces of thermal blankets of satellites, made of aluminized
Mylar. Despite the small mass of these objects, they could
represent a risk to operational geostationary spacecraft due to
their relative velocity of more than 1 km/s.

The solar arrays of Eureca and the Hubble Space Telescope are
the largest surfaces retrieved in recent years after extended
exposure to space. ESA used this unique opportunity to perform
in depth post-flight impact studies of this hardware. The
measured impact data provided new insides into the amount,
properties and time evolution of the abundant small-size debris
populations in low Earth orbits. The results were used to validate
and improve the meteoroid and space debris population models.
Results from these post-flight impact studies were compiled in a
database and are accessible via the internet.
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mitigation measures for the active mission phase, and for the post-
mission disposal of their spacecraft.

Mathematical methods and software tools have been developed at
ESOC and ESA’s Space Research and Technology Centre (ESTEC)
for collision risk assessment (CRASS), reentry risk assessment
(SCARAB), and in-orbit damage predictions of manned and
unmanned space systems (ESABASE/DEBRIS). Detailed risk and
damage assessments for debris and meteoroid impacts have been
carried out for several components of the International Space Station
(Columbus Module, Cupola, ATV, external payloads) and for various
subsystems of different scientific satellites. reentry survival and on-
ground risk analyses have been performed for several European
satellites, prior to their decay. Protective measures have also been
taken for sensitive subsystems of scientific satellites (e.g. tanks of
XMM and Rosetta).

Generic work on hypervelocity impact tests and protective measures
for manned vehicles (shield design) has been carried out at several
facilities within the ESA Member States. With special devices, e.g.
light-gas guns and shaped charge accelerators, projectiles have been
launched with velocities of 3 to 10 km/s on typical spacecraft
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Daily collision warning by e-mail

At ESOC, the Mission Analysis team use dedicated software to
check for potential collisions between catalogued objects and
ESA missions, primarily Envisat and ERS-2. Each morning,
a computer automatically issues an e-mail message to operations
staff. Human intervention is only required if the risk of
collision exceeds a given threshold (currently 1 in 10 000).

In addition to
their daily colli-
sion avoidance
responsibilities,
ESOC's space
debris team con-
duct regular
research and par-
ticipate in a num-
ber of standardis-
ation bodies rela-
ted to the space
debris problem.

Dust and debris impact experiments have also been carried out
on the Mir Space Station. GORID, a meteoroid/space debris
detector flown on the Ulysses and Galileo spacecraft was
launched as an auxiliary GEO payload on the Russian Express-2
spacecraft in September 1996. The detector functioned properly
and data was transmitted to ESTEC until the end of the Express
mission in July 2002. GORID observed that there was more
debris than predicted by the present flux models and that many
debris impacts occur in clusters. Further impact detectors are:
SPADUS, operating since 1999 in a polar orbit; and DEBIE-1,
launched into a 540 x 670 km near sun-synchronous orbit in
2001.

ESA established the DISCOS space object database at its Space
Operations Centre (ESOC) for use by the Agency and its
Member States. DISCOS supplies information on the trackable
space object population, and forms a basis for risk assessments
and for the understanding of the growth of the debris
environment.

A sophisticated space debris and meteoroid reference model
MASTER-2001 has also been developed under ESA contracts. It
provides spatial distributions of space debris from LEO to the
geostationary ring and it can predict satellite impact fluxes from
debris and meteoroids in all relevant size regimes.

The ESA software tool for Debris Risk Assessment and help
Mitigation Analysis (DRAMA) is nearing completion. It will assist
space system developers to check the effectiveness of debris

structures and protective shields. The objective is to assess the
structural damage and optimize the shield design. For impact
velocities above 10 km/s, numerical methods are needed.
Mathematical hydrocode models of hypervelocity impact phenomena
have been developed by several European research groups.

Triggered by in-orbit observations of CCD detectors on the XMM-
Newton X-ray telescope, the behaviour and effects of impacts under
acute grazing angles were investigated. Both, numerical simulations
and actual hypervelocity impact tests showed that particles impacting
smooth surfaces at shallow angles can simply be deflected and
consequently reach sensitive instruments inside a spacecraft which is
open to space.

On the occasion of uncontrolled re-entries (e.g. of the 40-ton space
station complex Salyut-7/Kosmos-1686, Kosmos-398, China 40)
ESOC provided forecasts to ESA Member States indicating the time
and location of the reentry, based on data from the US Space
Surveillance Network (SSN), the German FGAN radar, and radars of
the Russian Space Surveillance System (SSS).

The second issue of the ESA Space Debris Handbook was published
in 2003 and advises designers and operators of space missions and
launch vehicles on mitigation options. A European Code of Conduct
for space debris mitigation has been completed.

In order to promote understanding of the space debris issue, and of
concepts for debris mitigation, ESA organises workshops, tutorials
and conferences on space debris.
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REGULATIONS & TREATIES
A survey of the five space treaties in existence reveals that three of them,
the Outer Space Treaty (1967), the Liability Convention (1972), and the
Registration Convention (1976), provide very general outlines as regards the
prevention of the pollution of outer space. However, existing space law
does not address space debris in an explicit manner.

All measures applied so far to reduce the amount of debris have been
voluntary (e.g. the reorbiting of geostationary satellites). Considering the
complexity of the debris problem, it is important that legal action be
preceded by discussions and recommendations within national and
international engineering communities.

In 1994 the International Telecommunication Union (ITU), a specialised
organisation of the United Nations, issued a recommendation entitled
"Environmental Protection of the Geostationary Satellite Orbit". It
recommends, for instance, "that as little debris as possible should be
released into the geostationary orbit during the placement of a satellite in
orbit", and that "a geostationary satellite at the end of its life should be
transferred, before complete exhaustion of its propellant, to a super-
synchronous graveyard orbit". The recommended minimum reorbiting
altitude is given as 300 km. To date, more than 160 geostationary satellites
have been reorbited.

Later, the ITU issued a revised recommendation for geostationary satellites.
The main difference is the adoption of the “IADC formula” for the
minimum altitude of reorbited geostationary satellites (where the area-to-
mass ratio of the spacecraft and a reflection coefficient are introduced to
model the effects of solar radiation pressure perturbations).

The Inter-Agency Space Debris Coordination Committee
(IADC)

A leading technical organisation concerned with space debris is the Inter-
Agency Space Debris Coordination Committee (IADC). ESA is a founding
member of the IADC, together with the USA (NASA), Russia (Roscosmos)
and Japan (JAXA). Members who joined later were the national space
agencies of Italy (ASI), the UK (BNSC), France (CNES), Germay (DLR),
China (CNSA), India (ISRO) and the Ukraine (NSAU).

The primary purpose of the IADC is to exchange information on space
debris research activities, to facilitate opportunities for cooperation in space
debris research, to review the progress of ongoing cooperative activities, to
identify debris mitigation options, and to promote them at an international
level.

Members of IADC are using a reentry Events Database, maintained by
ESOC, to exchange orbit determination data and reentry predictions on
reentry risk objects. The functionalities of this exchange platform are tested

IADC Members:
ASI, BNSC, CNES, CNSA, DLR,
ESA, ISRO, JAXA, NASA, NSAU,
ROSCOSMOS

The IADC consists of a Steering
Group and four specialised Working
Groups:
WG 1: Measurements
WG 2: Environment and Databases
WG 3: Protection
WG 4: Mitigation

While the overall risk of a destructive
impact, i.e. involving debris bigger than 
1 cm, remains small, Walter Flury argues
for action now to protect scientific and
commercial space activity in the future.
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work plan, which consisted of the following activity milestones:
measurements of space debris, understanding of the data, and assessment
of effects on the environment on space systems (1996), modelling of the
space debris environment and risk assessment (1997), space debris
mitigation measures (1998), and completion of the UN report on space
debris (1999). In 2000, the Subcommittee focused on the situation in GEO
and in the geostationary transfer orbit. The scope of this multi-year plan
was to provide a thorough understanding of the debris environment, its
future evolution, the resulting hazards to space missions, protection of
space systems, and measures to keep the debris population within
acceptable limits.

An important result of the deliberations is the UN document
A/AC.105/720 “Technical Report on Space Debris” (Rex Report), which
provides a comprehensive description of technical issues related to space
debris.

The Subcommittee agreed that further consideration of space debris was
important, and that international cooperation was needed to determine
appropriate and affordable strategies to minimise the potential impact of
space debris on future space missions.

After the presentation of the IADC Space Debris Mitigation Guidelines in
2003, comments have been received from several COPUOS Member States.
Current efforts within the Subcommittee aim to achieve a common position
with regard to space debris mitigation.

in annual IADC reentry prediction test campaigns, with worldwide
participation by IADC Members. The IADC also organises coordinated
radar and optical observation campaigns in the LEO and GEO
environments. Furthermore, the IADC issues technical handbooks, such as
the Protection Manual and the Space Debris Mitigation Guideline.

IADC plenary meetings are held annually. The Committee also provides
technical support to the Scientific and Technical Subcommittee of the UN
Committee on the Peaceful Uses of Outer Space (UNCOPUOS). An
important contribution was the presentation of the IADC Space Debris
Mitigation Guidelines in February 2003. The guidelines (published as
A/AC/105/C.1/L.2260, 29/11/2002) introduce the concept of protected
regions in LEO and GEO. They emphasise the application of debris
preventative methods, for instance, to keep the debris concentrations in the
LEO and GEO regions at an acceptable level.

UNCOPUOS

Since 1994, space debris has been an official agenda item of the Scientific
and Technical Subcommittee of UNCOPUOS. In order to advance in its
considerations of space debris, the Subcommittee adopted a multi-year

IADC Guidelines:
• Are based on common principles,

derived from existing documents and 
agreed by consensus.

• IADC is working on a Support 
Document on Mitigation Guidelines,
which will provide rationale for the 
guidelines and technical information 
for their implementation.

• Organisations are encouraged to use 
the information to help establish 
mission requirements for planned and 
existing space systems.

• May be updated as new information 
becomes available.

"Application of the current voluntary
mitigation measures is rather mixed.
Debris preventative measures need to be
applied now," he said at a recent
conference. He would like to see a formal
Code of Conduct based on the IADC
Guidelines issued by UNCOPUOS as soon
as possible.
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Corporate Communications Office, ESOC, Darmstadt (Germany)
Tel.: +49 6151 902 696 or 459; Fax: +49 6151 902 961

Mission Analysis Office, ESOC, Darmstadt (Germany) 
c/o H. Klinkrad
Tel: +49 6151 90 2295; Fax: +49 6151 90 2625
E-mail: Heiner.Klinkrad@esa.int

Links

ESA www.esa.int
ESOC www.esa.int/esoc
IADC www.iadc-online.org
UNCOPOUS www.oosa.unvienna.org/COPUOS/copuos.html 
European Centre for Space Law

www.esa.int/SPECIALS/ECSL/
NASA Orbital Debris Program Office

www.orbitaldebris.jsc.nasa.gov/
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