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INTRODUCTION

1. Initsresolution 49/34, paragraph 32, of 9 December 1994, the General Assembly considered it essential that
Member States pay more attention to the problem of collisions of space objects, including nuclear power sources,
with space debris, and other aspects of space debris, and called for the continuation of national research on tha t
guestion, for the development of improved technology for the monitoring of space debris and for the compilation
and dissemination of dataon space debris. To the extent possible, the Assembly noted, information thereon should
be provided to the Scientific and Technical Subcommittee of the Committee on the Peaceful Uses of Outer Space.

2.  The Genera Assembly, in paragraph 17 of the same resolution, invited Member States to report to th e
Secretary-General on a regular basis with regard to nationa and international research concerning the safety o f
nuclear-powered satellites.

3.  The Secretary-Genera addressed a note verbale dated 4 August 1995 to all Member States, inviting them to
communicate to the Secretariat, by 31 October 1995, the information requested above so that the Secretariat could
prepare areport containing that information for submission to the Subcommittee at its thirty-third session.

4.  The present document was prepared by the Secretariat on the basis of info rmation received from Member States
as of 31 October 1995. Information received subsequent to this date will be included in addenda to the presen t
document.
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REPLIESRECEIVED FROM MEMBER STATES
Canada
[Origind: English]

The Canadian Space Agency is pleased to report the following with respect to the acquisition and understanding

of data on the characteristics of the space debris environment and mitigation techniques:

MELEOQO: TheMaterials Exposurein Low Earth Orbit (MELEO) was an active experiment flown on Shuttle
mission STS-52 in October 1992. The experiment was primarily designed to measure the effect of th e
environment on material specimens (313 in tota) which were mounted on the CANADARM (Canadian rabotic
am onthe U.S. Shuttle) and exposed inthe "ram” direction during the mission for atotal of approximately 30
hours. The experiment aso included two active quartz crystal microbalances which were designed to operate
in reverse fashion to measure the atomic oxygen fluence during exposure. The experiment was devel oped by
a number of co-investigators severa of whom included materials designed to capture small orbital debri s
particles and micrometeorites. During the mission, asolid rocket motor was used to raise a satellite payload
to ahigh orbit after deployment from the Shuttle. It was this event that provided the magjority of data on orbital
debris during the mission. Although the material specimens were protected during the firing itself, many of
the specimens which were returned to Earth for evaluation had been impacted by many small particles. The
estimated particle size was consistent with the expected effluent from the solid rocket although the duration
of persistence of the debris cloud was not expected. Asaresult, this experiment provided data on the orbital
debris caused by the burning of a solid rocket motor.

ACOMEX: The Advanced Composite Material Exposure Experiment (ACOMEX) was a so a Shuttle-based

experiment flown on STS-41G in October 1994. The purpose of this experiment was to gather data on the
degradation of composite materials in low Earth orbit. The experiment consisted of a number of material
specimens mounted on the CANADARM which was positioned in the "ram” direction for approximately 40

hours during the mission. T his experiment was not designed to measure orbital debris but examination of the

material specimens which were returned to Earth after the mission provided some observations which wer e
identified as likely a result of impacts in space. Although no detailed data resulted, this experiment di d
contribute to the design of the MEL EO experiment noted above.

LDEF:. One of the experiments aboard the Long Duration Exposure Facility was provided by Canadian
Investigators from the University of Toronto. Much has been published to date on the results from the LDEF
spacecraft, which includes the results obtained from this Canadian experiment. After return to Earth thi s
experiment was thoroughly examined to identify impact sites. Over 70 impact sites were clearly identified .
In addition, the data from the entire spacecraft as reported through the Orbital Debris Specia Investigatio n
Group was analysed and presented in the form of an Engineering M onogram that could be used for design of
pacecraft. Furthermore, ground testing has been used to correlate the size and type of damage experimented
in the specimens with probable particle size and velocity.

The Inditute for Space and T errestrial Science (1STS) and the University of Western Ontario are studying the
Space debris monitoring potentia for large diameter, non-steerable, gro und-based tel escopes based on the liquid
mirror concept developed at Université de Laval.

MBP Technologies of Pointe-Claire, Quebec, is conducting a study of possible electro-optical and infrare d
sensors for space surveillance, particularly space-based sensors and systems; the interest isin application of
millimetre-wave radar technology to observation, tracking and identification of debris.
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. Based on impact data recorded from LDEF, the University of T oronto Ingtitute for Aerospace Studies (UTIAS)
develops design monograms for predicting the number of impacts on a spacecraft as a function of altitude,,
inclination, time in orbit and orientation.

»  TheUniversity of Toronto Institute for Aerospace Studies (UTIAS) is devel oping protective technologies to
mitigate damage caused by orbita debris. Furthermore, it isworking o n flight test experiments to be performed
on the exterior of space stations.

e The Physics Department of the University of British Columbiais performing research on the fundamenta |
behaviour of matter at high energy density; research has co ntributed to the understanding of impact phenomena
occurring & hypervelocities; the two-stage light-gas gun has operated at 4 km/sec, could be operated at up to
6 km/sec, and with modifications has a potential velocity of 8 km/sec; no further large-scale testing is planned
in the near future due to budgetary constraints.

Chile
[Original: Spanish|

Chilereportsthat at present it is not conducting any research relating to space debris and that it does not have
satdlitesthat operate with nuclear energy. Consequently, studies are not being conducted on possible collisions of
nuclear-power sources with space debris.

Japan
[Crigind: English]
RECENT SPACE DEBRISACTIVITIESIN JAPAN

Spacedebrisisintrinsically aglobal problem that all space-faring nations must solve in cooperation in order
to preserve a safe environment for future space activities. One of the world's earliest warnings on thisissuewa s
made in Japan in 1971 by M. Nagatomo and his colleagues of the Institute of Space and Astronautical Scienc e
(ISAS).! Sincethat time, independent research on this topic has been carried out by various organizations in Japan.
However, any systematic or organized activities were not performed until 1990 when the Japan Society for
Aeronautical and Space Sciences (JSASS) founded the Space debris Study Group . The study group consisted of over
30 members from space-related organizations and industries and i ssued an interim report in January 1992 and afinal
report in March 1993.2 Some of the recommendations presented in the report have been followed up by thetw o
newly formed JSASS Study Groups. Asaresult of the continuing efforts by the JSASS Study Groups, Japanese
Space related agencies and organizations have now recognized that the space debris hazard is no longer an abstract
problem, but rather ared and serious threet to manned and unm anned activitiesin space. The Japanese Government
Space Activities Commission (SAC) has expressed Japan's policy on space debrisin the report on Japan's Space
Long Term Vision which was published in July 1994:3 "Japan will aim to develop such systemsthat will leave as
little space debris as possible. With regard to existing space debris, we will cooperate with other countriesi n
considering ways of reducing it." The National Space Development Agency of Japan (NASDA), which i s
responsible for implementing practical applicationsof space developmentsin Japan, founded its own working group
in August 1993 to study space debris praoblems and to establish the NASDA policy and debris mitigation an d
protection standards.

In this article, the recent and planned activities in the space debrisfield in Japan are briefly reviewed.

I. SPACE DEBRISMEASUREMENT
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A. Optical observation

Optical observations of geo-stationary objects have been made by the Communication Research Laboratory
(CRL) utilizing an optical observation system in Koganei, Tokyo (35.42°N, 139.29°E). It consistsof al.5 m
aperture telescope, a peltier cooled CCD camera with a chip size of 1242 x 1152 pixels, an image processin g
computer and other scientific and communication equipment. The system was originally built as afixed groun d
station for space communication experiments using a geostationary satellite. With this CRL optical observatio n
systemn, objects as smal as 20 cm at geostationary atitude are theoretically observable. Therefore, it is expected to
contribute to an international cooperative project to measure the debr is population in and around Geostationary Orbit
(GEO).

As a collaborative study with NASDA, the National Astronomical Observatory in Japan (NAO) has bee n
conducting observations of the GEO satellites since 1992, using the Schmit telescopes of the Kagoshima Spac e
Center (KSC) of ISAS (31.13°N, 131.04°E) and the Kiso Observatory of the University of Tokyo (35.48°N ,
137.38°E). Theuse of other telescopes in Japan has also been found to be promising. For more detailed and long-
lagting observations, however, adedicated debris observation system will be required. JSASS and NASDA will start
the preliminary joint studies on a GEO satellite to detect space debrisin GEO in July 1995.

B. Radar observation

Space debris monitoring by abigtatic radar system has been studi ed by T. Takano and hisgroup at ISAS. They
have successfully demonstrated the applicability of this system in the observation experiment of "Y okoh" whichiis
ascientific satellite with amass of 420 kg in acircular orbit of 600 km altitude and at an inclination of 31.3°. In
the experiment, they used the 20 m diameter antennaat KSC asatransmi ssion station and the 64 m diameter antenna
at the Usuda Degp Space Center (UDSC) of ISAS (36.13°N, 138.37°E) as areception station. The distance between
the two stations is about 1,000 km. By means of modern communication technology, objects as small as2 cm at
500 km dltitude are detected.

The laser radar system for detecting space debris has been investigated by an ISAS group led by T. Y okota.
The system is composed of aNd:Y ag laser, alight beam expander, atelescope, a CCD camera, a photo multiplier
and a computer. It isestimated to have the capability to detect a particle 1 mm in diameter at a distance of 1 km.
Therefore, it can be used as an on-board space debris observation system for detecting small-size debrisand fo r
callison avoidance manoeuvres. They have developed an engineering model of the system and are testing itsbasic
performance.

Radar has been the most effective means of obsarving LEO (low Earth orbit) debris of "threatening size," which
is debris pieces larger than about 1 cm. All existing databases and statistics of such space debris, including th e
famous USSPACECOM catalogue, depend largely on observations with various radars. They usualy contain an
important item "size," which is determined from the strength of the received echo. In evaluating the impact of a
collision of debriswith a shielding wall, for example, it iscommon to interpret it as the diameter of a sphere.

However, satistical studies showed that it is an overestimate by comparing the size estimated by radars with
that calculated from the physical projected area determined from the orbital decay due to atmospheric drag. *

The size of the target is computed from the radar cross section (RCS), which is defined as the area of an
isotropic scatterer whose echo power isthe same as the given target. 1t indeed agrees with the physical cross section
for large metallic spheres, but often differslargely for objects with irregular shapes, especialy when observed at a
high frequency band. For example, a piece of thin wire may be misinterpreted as a cannon-ball.

For objects smdler than the radar wavelength, RCSisinversay proportion a to the 4th power of the wavelength
(or to the 4th power of the frequency). Most radars used for space debris monitoring thus employ afrequency of
5-10 GHz, or even higher, in order to obtain a high sensitivity for small debris. At such ahigh frequency, the RCS
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variesdragticaly asthe orientation of the target relative to theradar changes. It isthen hard to estimate the real cross
section from the observed RCS.

At alower frequency, on the other hand, the relation between the physical cross section and the RCS becomes
much simpler, although we have to pay an expensive cost in the sensitivity reduction for small targets.

The MU (Middle and Upper atmosphere) radar of Kyoto University, Japan, is a powerful VHF radar operating
at 46.5 MHz; its 1 MW output power and the 100 m antenna compensate for the reduced sensitivity at thi s
frequency. It hasroughly equal sensitivity to the radars used for USSPACECOM catalogue maintenance. °

The main target of thisradar i s Earth's atmosphere, or more precisely, weak backscattering from irregularities
in the refractive index of the air caused by the atmospheric turbulence. Since this atmospheric echo is so wesk |,
scientists have been bothered by contamination of strong "undesired” echoes from various objects such as spac e
debris. Wedecided to make use of these previously discarded echoes and started a statistical study of space debris
in 1988.

The antenna of the MU radar conssts of 475 Y agi antennas condtitutin g an active phased array. The advantage
of thistype of antennaisthat it can observe different directions almost simultaneously by electronically switching
multiple antenna beams. Figure 1 shows an example of debris observation using eight antenna beams switche d
sequentially from pulse to pulse around the zenith.® The target, which turned out to be the Kosmos 1023 rocket
booster, passed through these beams, and the variation of RCS was tracked for about 20 sec. Itisaso possible to
roughly determine the orhit of the target from a single observation. Conventional radars with a large parabol a
antennacannot continuously observe an orbita object for more than a fraction of a second unlessits orbit is given
beforehand.

Thelarge and smooth variation of RCS versus time (shown in the lower-right panel of figure 1) indicates the
rotation of the rocket booster. The maximum value roughly agrees with its maximum physical cross section.

The most direct way to "see" the shape of atarget using radar isto make the antenna beam sharp enough so
that it can resolve the target. It is, however, impractical to get aresolution of 1 m at a distance of 100 km because
the necessary diameter of the antennais in the order of 10 km. A more sensible technique is to make use of th e
rotation of thetarget. Theideaisto resolve adifferent part of atarget moving at a different velocity relative to the
radar by measuring the Doppler velocity spectra. Thismethod is called ISAR (Inverse Synthetic Aperture Radar),
or RDI (Range-Doppler Interferometry), and has been widely used in military radars and in radar astronomy. It was
already applied to space debris by using German FGAN radar, which revealed a clear image of a Salyut-Kosmos
complex.” At the moment, the resolution is limited to about 1 m so it cannot be used to identify the shape of small
targets 1-10 cm in size, which is of the greatest concern.
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Figurel. Theangular motion (left), the height variation (upper right), and the
RCSvariation (lower right) of Kosmos-0123 rocket booster as observed
by theMU radar. Thecirclesin the upper left panel show
the cover age of the antenna beams.

Some datistical information on the shape of space debrisis obtained by comparing the physical cross section
estimated from the atimospheric drug with RCS, as shown above. The major limitation of thistechniqueis that the
same object hasto be monitored for along duration in order to detect orbital decay.

The results of our MU radar observations also provide smilar info rmation. Numerical simulations showed that
the magnitude of RCS variation can be interpreted in terms of the prolateness of the object. Since a singl e
observation gives the variation seen from one direction, we need to interpret many observations in a statistica |
manner. Theresult of such analyssindicates that the volume of relatively small debris observed with the MU radar
islessthan half of the sphere which hasthe same RCS.

In order to evaluate the actua size of space debris, shape information must be obtained. Although the firs t
priority in designing a future debris radar is that it should have a sensitivity to detect objects of 1-10 cm, it also
should have the capability to track an unknown object continuoudly for at least 10 sec, which is necessary to carry
out both ISAR (RDI) andysisand/or the Satistical analysis shown above. The phased array antennais the essential
element in realizing this capability.
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C. Impact measurements

Based on the one-year intensive study, the JSASS Study Group on Space Debris and Micrometeoroid | mpact
Detection has proposed the post flight analysis (PFA) of the Space Flyer Unit (SFU) to the Ingtitute for Unmanned
Space Experiment Free Flyer (USEF).

SFU isaSun-pointing, 3-axis stabilized, unmanned platform facility. It waslaunched on 15 March 1995 by
the H-11 third flight and is scheduled to beret rieved by the Shuttle STS-72 in January 1996. It will stay inacircular
orhit a an dtitude of 300-500 km and at an inclination of 28.5° and will become the first Japanese space structure
to be returned to Earth. The total area of the exposed surfaces of SFU is about 150 m? and the four main larg e
surfaces are the planned targets for PFA:

® Payload Unit Multi-Layer Insulation (MLI), which is an octagonal structure 4.46 m in diameter an d
1.40 min height;

®  Exposed Facility Flyer Unit (EFFU), which is a box-like structure with a top surface that measure s
148 m x 1.48 m and is covered with silver-coated Teflon for aradiator and with four side plates 1.05 m
in height that are covered with aluminized Kapton MLI;

e  Solar Array Paddle with alength of 24.4 m and awidth of 2.36 m; and

e  Two-Dimensona Deployable High Voltage Solar Array, which isatriangle sail with aheight of 3.84 m
and a base length of 3.62 m in the full deployed configuration.

Itisexpected that much information will be obtained through comparison with LDEF, EURECA and HST solar
array PFA data

The Japanese Experimental Module Flight Demonstration (JFD) is planned on board the Space Shuttle as a
verification test of the manipulator system for the Japanese Experimental Module (JEM) of the International Space
Station Alpha (ISSA). Utilizing this opportunity, the Parts and Material Laboratory of NASDA is planning t o
perform the Experiment of Space Environment with Materials (ESEM). The ESEM system consists of Dust o f
Space debris collectors (DC) and materid sample holders (M SH) for ev aluation of the atomic oxygen effect in space.
They will be mounted on the top of the JFD experiment apparatus in the Shuttle payload bay and will be exposed
to the Shuttle flight direction for 40 hours. This program is dlated for April 1997.

. SPACE DEBRISMITIGATION

Among the different types of orbital objects, the largest number is that of fragment debris created by
explosons. Thesearethe result of rocket upper stage explosions, inte ntional distractions and other unknown factors.
The nature of the latter is not quite clear, but is believed to include explosions caused by hypervelocity impacts. In
order to avoid significant accidental debris creation, NASDA has implemented draining of residua propellant s
(LOX, LH,, N,H,) and theresidua helium gas of the H-I/H-I1 second stage. The release of mechanica devices at
satellite separation and solar paddle deployment has been avoided except in some particular missions, such asthe
separation of spent apogee motor for the geostationary meteorological satellite. For the purpose of the prevention
of unintended destruction of the H-11 second stage in space, the command destruct system is disabled immediately
after injection into orbit and its pyrotechnics are thermally insulated to preclude spontaneous initiation.

The objects on the geostationary transfer orbits (GTO) areincreasing and are considered to be hazardous to
future space activities because of their long or bital life. An effort is currently being made to decrease the orbital life
of the second stage of the H-11.% The second stage (1994-056B) of the H-11 second flight of 28 August 1994, for
instance, was deorbited from the ETS-VI GTO with an apogee of 36,346 km and a perigee of 251 km to GTO with
an apogee of 32,298 km and a perigee of 150 km by performing idle mode burn and the depletion of residua |
propellants. It was observed that the second stage had fragmented into at least six new objects by 31 March 1995
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and they have dready decayed.® NASDA hasdso implemented reorbiting GEO satellites after the end of life (EOL)
at least 150 km upward, aiming at 300 km since 1985.

JSA SS formed the committee on space debris prevention design standards in September 1993 at the request
of NASDA. The main objective is to discuss the technical backgrounds and to make a draft document for th e
"NASDA Orbital Debris Mitigation Design Standards,” which is to be established around 1997. The committe e
congsts of membersfrom the National Aerospace Labor atory (NAL), ISAS, NASDA, universities and major space-
related companies. An extensive study on the technical and economical feasibility of space debris mitigatio n
measures has been conducted placing emphasis on:

Spacecraft and rocket upper stage passivation;

GTO upper stage deorhit;

GEO satellite deorbit after EOL ; and

Other feasible and important measures, such as prevention of operational debris.

The report of fiscal year 1994 was published in March 1995. *°

1. SPACE DEBRISPROTECTION

Space debris protection systems have been sudied by NASDA for JEM. More than a hundred impact test data
have been obtained in the impact velocity range of up to 5 km/s using a two-stage hydrogen light gas gun .
Hypervelocity impact experiments areimportant, not only for the design of space station protection systems, but also
for the development of basic hypervelocity impact science and for understanding debris creation and dispersio n
phenomena. A basic hypervelocity impact study has been conducted at NAL in collaboration with variou s
organizations. Impact experiments have been performed in variousv elocity ranges, that is, at around 2 km/s velocity
with a one-stage powder gun at Kyoto University, at 4 km/s velocity with a two-stage helium gas gun at Tohok u
University and at around 7 km/s with arail gun at ISAS. The target specimen was made of three duminum alloy
plates 3.5 mm thick which were set up with about 60 mm of space between each plate. After the experiment it was
noted that all three plates were perforated like apetal and that the petalled hole of the back plate was bigger than that
of thefront plate. Thisillustrates that the two bumper plates before the main plate provided no protection against
the debris impact with 14 g in massand 2 km/sin collision velacity. In order to investigate hypervel ocity impact
phenomena at velocities of up to 15 km/s, NAL has been conducting a collaborative study with Mitsubishi Heavy
Industries Limited on a shaped charge explosive launching system which is able to accelerate gram order mas s
aluminum projectiles to velocities of over 10 km/s. A series of explosion experiments for modelling the breakup
of arocket upper stage is aso planned.

IV. CONCLUSIONS

The preservation of the space environment is indispensable for insuring long-lasting and expanding spac e
activities. Various scientific and technica proposas have been made so far, and they would necessitate, more or less,
additional costs and the reducti on of space system capabilities. What is needed isto identify acceptable technically
effective and cost-efficient measures. The most critical uncertainties in space debris problems are due to ou r
ignorance of the exact space debris environment. The cooperative efforts of Japan with other space-faring nations
and organizations are required to examine the debris population, to accumulate hard data for verifying variou s
theories and proposals, and to evaluate various measures and the associated penalties.
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United Kingdom of Great Britain and Northern Ireland
[Crigind: English]

In March 1995 and November 1995 the British National Space Centre (BNSC) continued its discussions with
the nationa space agencies of France (CNES), Germany (DARA), and Italy (ASl) and the European Space Agency
(ESA) on harmonisation of debrisactivities. Thetopics covere d were technical objectives, operationa requirements,
the results of completed and ongoing research studies, identification of future studies, coordination of activities and
the search for acommon policy on space debris mitigation. BNSC coordinated the collection and processing of data
relating to the activities and capabilities (software tools and facilities) of United Kingdom industry, academi ¢
ingtitutions and government research centres. Theinformation was passed on to ESA for collation with descriptions
from other member States. A report summarizing thisinformation will be published by ESA and made available
to both member States and non-member States. These international coordination meetings also provided an
opportunity for ESA, which currently representsthe member States on the Inter-Agency Debris Co-ordination Group
(IADC), to disseminate information exchanged at IADC meetings, the 1995 IADC meeting was held at Houston,
Texas, during March 1995.

The third United Kingdom Orbital Debris/Co-ordination Group Meeting was held at the University o f
Southampton in Hampshire, England, on Friday, 7 April 1995. This brought together speakers from BNSC, th e
Universty of Southampton, the Univ ersity of London, the University of Kent, SIRA, the Defence Research Agency
and Advanced System Architectures. Amongst the topics discussed were short-term and long-term debris hazard
modelling, ground-based optical and radar detection of debris objects, measurement of the micro-debris through the
analysis of retrieved surfaces, and international initiatives relating to space debris. The meeting was again wel |
attended and provided the opportunity for afurther dissemination of information on international programmes at the
ESA and IADC levels.

A number of technical papers have been produced by United Kingdom research groups during 1995. The
reference section of thisreport lists some of the published papers.

UNISPACE, the Unit for Space Sciences a the University of Kent, continues to lead the European community
in the analysis of spacecraft surfaces retrieved from orbit. The return of both the European Retrievable Carrie r
(EURECA) and one of the solar arrays from the Hubble Space Telescope (HST) * provided alarge surface area of
exposed surface which could be examined for impact sites. Through the application of empirical impact formulae
relating the materia characteristics of both impactors and spacecraft surfaces and the impactor speed and incidence
to these surfaces to impact feat ures, it was possible to infer the encountered micro-debris environment by counting,
measuring and chemically analysing the residue observed in impact sites2. This will enable engineersto evaluate
current models of the meteoroid and space debris populations and to validate damage predictions of differen t
subsystemn eements. Such andyses aso require some impact calibration tests to study the response of unique array
materidsto hypervelocity impact. The solar arrays of Eureca® were at 99 m? the largest exposed area on the retrieved
satellite. High and low resolution images of impact Stesonthearray were recorded totalling more than 3,000 impact
stes (>50 micron size). There were over 1,000 impacts visible to the naked eye on each array. The HST anadlysis
concentrated on impact sites with features greater than 1.2 mm on the 20 m? array area. A tota of 704 large impact
features were recorded. In each case the location, size parameters, morphological festures and direction of impact
were measured. All such images were digitized and stored on compact discs that are available through ESA fo r
further analysis. The micro-debris flux encountered by HST * was between 2 and 8 times greater than that
encountered by EURECA..® It has been argued that this demonstrates the strong influence of atmospheric density,
which reduces exponentidly with altitude, and which determines the orbital lifetime of the debris particulates. Such
effects® have dso been investigated by UNISPACE and they concluded that there must be alarger population of high
orbital eccentricity particulates closeto HST and EURECA altitudes than models predict in order to justify the high
fluxes encountered. Itisinteresting that many of these models rely upon the observable large debris population for
the basis of their definition. UNISPACE have also identified discrete differencesin size and direction of impact of
particulate populations,” which permits identification of man-made debris from natural meteoroids. The Timeband
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Capture Cdl Experiment (TICCE) flown on the Eureca platform offered the capability to capture intact micro-debris
particulates in materials such as aerogel.® The flux encountered by the experimelt  could then be analysed
chemically and direction of impact permitted discrete populations of debris and meteoroids to be identified .
Comparison of encountered fluxes with design environment models such as the ESABA SE continues.

Two further university departments are actively engaged in collaborative research with industry to assess the
short-term and long-term collision hazard to spacecraft posed by debris.

Thefirst group at the University of Southampton in Hampshire are building upon their reputation as a centre
of excellence for astrodynamics studies to find novel and efficient methods for characterizing the collision hazard
that abreskup could posefor satdlite systems. A number of studies have looked at the threat to a payload from the
breskup of alaunch vehicle,™ the threat to a satellite constell ation from the breakup of one of the satellite elements, 1
and a comparison of modelling techniques both in Europe and the United States of America. 2

The second group is & the University of London, Queen Mary and Westfield College. The focus of their work
is on the long-term prediction of the debris population through application of direct smulation Monte Carl o
techniques to represent the environment evolution. Applying tec hniques developed for collision dynamicsin rarefied
gas systems, the group have been able to model collision-induced breakups within the population. The model will
be used to investigate fully the phenomenon of collisional cascading. **

Two groups are involved in the detection and observation of debris objects from the ground using optica |
telescopes. SIRA are buildi ng on experience gained supporting ESA in previous feasibility studies to contribute to
the commissioning of a1 m ESA telescope. Under ESA contract 10623/93/D, SIRA have provided advice an d
guidanceto the prime contractor, the Astronomical Institute at the University of Berne, Switzerland, on algorithms
for detecting and analysing debrisusing CCD arrays. The second group, the Royal Greenwich Observatory, have
contributed to papers considering the feasibility and accuracy of detecting objectsin orbit using optical telescopes. **
These sudies have demondrated that there are significant selection effects where objectsin eccentric orbits are less
likely to be detected than those in circular orbits.

The Defence Research A gency at Farnborough provides atechnical focus for al the groups within the United
Kingdom and supports BNSC at UNCOPUOS. It was the first group to highlight the potentia problems associated
with distributed space architectures such as satellite constellations at discrete atitude. A joint paper *® with the
University of Southampton identified that for the large constellation sizes predicted for the end of the century, there
were significant risks to both the constellation systems and the neighbouring missions in close proximity duet o
debrisimpacts. Thisstudy is being extended to take acco unt of second order (cascade) effects in a software package
cdled Integrated Debris Evolution Suite (IDES). This can aso be used to carry out mitigation effectiveness studies.

These studies demonstrate that the United Kingdom isinvolved in, and in many cases has a unique capability
in, abroad range of activities aimed at defini ng the orbital environment, assessing the hazard to space missions, and
formulating policiesto aleviate the growing space debris problem.
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Technical objective Activity Organization(s)
Define environment Retrieved surface analysis University of Kent
Define environment Optical detection SIRA, Roya Greenwich
Observatory
Define environment Population modelling Defence Research Agency,
University of London
Assess hazard Short-term modelling University of Southampton
Assess hazard L ong-term modelling Defence Research Agency
Mitigation/policy Evaluation Defence Research Agency
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