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First Natural Collision Of
Cataloged Earth Satellites

MNicholas Johnson

A French  government  spacecrafl  was
amaged on 24 July when 2 fragment from a
Luropean Space Agency (ESA) Anane rocker
body collided with the spacecraft’s gravity-
gradient boom, sevenng the vital appendage
in half. The incident marked the first time that
two objects in the U.S. satellite catalog are
known to have accidentally mn into one
anather. Forunately the collision. which
occurred with a relative velocity of 14,8 kmis,
produced anly a single picce of debris, the
upper poroon of the gravity-gradient boom,
large enough 1o be tracked,

Both objécts were in nearly  identical
retrograde orbits at the time of the event. The
CERISE spacecrafit (Satellite Number 23604,
International Designator 1995-0338) i5 a
microsatellite of Botish design with a mass of
only 30 kg. launched as & secondary payload
with the mulunational Helios 1A spacecrafl
on 7 July 1995, The orbit of CERISE prior to
the collision was 663 km by 676 km at an
inclination of 98.14° The other participant in
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the encounter was Satellite Mumber 18208
tIntemational Designator 1986-019RF) which
was generaled in November, 1986, when
ESA's SPOT 1 rocket body broke up into
nearly 500 tracked debris. The orbit of this
fragmentation debos at the time of the
collision was 660 km by 680 km at an
inchination of %8.14° The similarity of the
orhits. whose orbital planes were separated by
167 in right ascension, created a situation of
frequent close encounters prior to the impact.

The first observation of the collision debris by
the TL5. Space Surveillance Network (55N)
occurred on 27 July when it had separated
sufficiently from CERISE 1o be resolved as an
independent object,  Subseguent 1racking by
5N sensors permitted the establishment of a
preliminary  orbit  description, leading to
official cataloging of the debris as Satellite
Number 23994 within a few days.

On & August the Space Science Branch at
NASA Johnson Space Center compared the
orbit of the newly cataloged Satellie 23984
with those of the four previously known
objects assocated with the 1995033 mission
and found a likely relationship with CERISE,
Using USAF Space Command's COMBO
(Computation  of Miss  Between Orbirs)
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program, 4 close approach of less than 1 km
between Satellite 23606 and Sateliite 15208
was determined to have taken place ar (0948
GMT on 24 July over the southern Indian
Crcean. NASASISC then contacted the Naval
space Operations Center (NAVSPOC) ar
Dahlgren, Virginia, 1o obtain confirmation of
the analysis and to acquire background
tracking data on Satellite 23994, NAVSPOC
rephcated the NASA findings and, using
direct  observational dats  and  special
periurbation theory, was able to refine the
nmiss distance uncertainty to within 137m. In
addivon, NAVSPOC idemtified a minor
perturbation in the ocbit of Satellite 18208
which oocurred about the tme of the event

The manufacturer of the spacecraft bus,
Surrey  Satellite Technology Ltd at the
University of Surrey, United Kinpdom, was
contacted by NASA on 7 Aupust with an
inguiry about possible anomalous spacecrafi
readings which might indicate a collisional
event. The company confirmed that CERISE
had suffered & sudden, permanent change @t
0%4% GMT on 24 July, Their analysis of the

attitude and momenis of inenia of the

spacecraft suggested that the &m, gravity-
gradient boom had been severed at 3,1-3.2

{Continwed on paje 2}
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meters from ity base. The spacecraft remained
aperational, and attempts were underway to
compensate for the degraded atitude contripl
SYSIEMm.

This pceurrence has underscored the advisability
of #xamimng mn greater detail the circumsiances
surrounding  so-called “anomalous cvents.”
Detected a few times a vear on average,
anomalous events usually are charactenized by
the separation of ane or a few pbjects from u
resident space object at a low  wvelocity
Frequently, these objects exhibit high arca-io-
mass ratios and decay more rapidly than their
parent satellite.

Histoncally  assessed  as  possible  satellie
degradation products, some of these debris may
originale from collisions between the parent
satellice and small - catalozed or uncataloged -
orbital debris. For example, the CERISE collision
is reminiscent of the sudden loss of a portion of o
pravily-gradient boom on an old US DOD
sateflite several years ago.

Preliminary Post Flight Results -
Space Flyer Unit Debris Impact
Inspection

Joseph Lofius, Ir

The Space Flyer Unit was retrieved on January
13, 1996 by 5TS 72 afier having been launched
10 months carlier on the H-II on March 18,
1995, The SFU is Fapan's: first reusable
unmanned platform for space science and
technology expenments, Unfortunately the
solar arrays were jettisoned because of a failure
to latch. The body of the spacecraft was an
octagonal structare 4.46 M in diameter and 30.
M i height with 2 total exposed surface of
~146m?

The first month of the mission was devoted to
infra-red celestial observations, thereafter the
spacecraft was inerially criented to the sun for
the balance of the mission. . The surfaces to be
inspected are the aluminized MLI, silver teflon
louvers and radiator, painted aluminum surfaces
such as scuff plates and external panels, ~ 25m?,

Initial inspection of 18m? logged 337 impact

features greater than — 200pm.  The three
largest craters were: 2 2.5 mm crater with
delamination of the teflon out to 13.4 mm on

the teflon coated alumimum of the IR
telescope; a penetration on the edge of the
MLI around the shade of the IR telescope
with a hole diameter of 4.5 mm and om
parts exiending =20 mm, and 2 2.5 mm
crater on the silver teflon radiator with a
depth of 500 m. and a delamination zong of
1.5 mm.

The preliminary results are in  good
agreement with LDEF, EuReCa and Hubble.
There are  some unigue  materials
combinations that have not been stodied
previously,  Foture plans  provide for
automatéd  high  precision  inspection,
chemical analyses and maintenance of a data
archive consistent with LDEF and others. In
the Tuture digital images and spreadsheets of
the preliminary data will be made available
an the World Wide Web.

Major Satellite Breakup In June
Micholas Johnson

The recent fragmentation of & small, 2-year-
old upper stage has produced a record
number of long-lived debris which are being
tracked by the LULS. Space Surveillance
Network (35M). The incident occurred at
123 km, bul debris is now spread throughaout
low Earnth arbat (LEOY, from 250 km to more
than 2,500 km.

On 3 June 1990 a Pegasus Hydrazine
Auxiliary  Propulsion  System  (HAPS:
International  Designator  [994-0201:
Satellite Number 23106, used by the STEP
II mission on 19 May 1994, violently
brokeup 1nan orbit of 586 km by 521 km
with an inchnation of 2.0°  Although the
dry mass of the abandoned HAPS was
estimated to be only 97 kg, by August the
total number of debns identified and tracked
by the 55N was approximately 700. This
amount represents an order of magnitude
more large debris than predicied by current
cxplosion and collision breakup models.
The debns were distobuted 0 oa highly
symmetric manner  about  the breakup
position  in  altitude, inclination, and

apparent size, Two months after the event,
only debrms with very low perigees had
experienced noticeable orbital decay.

The HAPS vehicle, which was employed for
only the secend time on the STEP I mission,
failed to place its payload into the assigned,
circular orbit due 1o 3 premature shutdown
of the main propulsion svstem.  After
sxecuting a contact avoidance mansuver, the
Yi-cm tall, 97-cm wide HAPS contained an
estimated 3-8 kg of residual propellant,
Since  no passivation  measuares. were
undertaken, compressed nitrogen and helivm
for the astude control and propetlant
pressurization systems. respectively, wera
also lefton board. Mo range safety explosive
package was camed. and the elecirical
systzm 18 believed 1o have been completely
discharged at the time of the event,

The NASA Johnson Space Center 15 closely
analyzing data from the SSN and the
vehicle's manufacturer and vendors with
three prime objectives: (1) to determine the
cause of the fragmentation for the purpose of
developing preventive measures on future
vehicles, (2) o understand better the nature
of the tracked debris and its implications for
satellite breakup models, and (3) 10 assess
the threat of the debris 1o operating
spacecraft in LEQ. Special observations of
the HAFS orbital plane  have been
undertaken by HAX and Haystack o define
more complelely the smaller debris parmicles,
particularly in the 1-10 cm diameter size
regime,  Attempts to observe the tracked
debris with NASA's CCD Debris Telescope
(CI¥T) have met with ooly Hmited success,
supparting the hyvpothesis that the debris
may be physically small with a high radar
reflectivity, Of thirty-nine objects for which
observations were attempled, only seven
were chserved,

This hypothesis might also explain the very
larpe number of debris which are visible to
the 55N and which appear to be larger than
10 em in diameter. The use of composite
tanks for the hydrazine, nitrogen, and hehum
fluids 15 under investigation as a potential
source of such debris, The effects of the
natural environment, particularly the Qux of

(Centinwed an page 1)

=== === = = m e m——a e —— = =]




The Orbital Debris Quarterly News Page 3

News on Upcoming Meetings

Congress

47th International Astronautical Federation (IAF)

The 47th IAF Congress will be held in Beijing, China on October 7 - 11, 1996,
There will be three orbital debris scssions as a pan of the 29th Safety and
Rescue Symposivm (TAA6). There have also been space debrs Sessions in the
space law colloguia at these meetings in the past
contact: The [AF Secretaniar, TAF, 3-3 Rue Mario-Nikis, 75015 Paris, France,

For more information

The 2nd European Conference on Space

Debris

The Second European Canference on Space Debris, organized by
the European Space Agency, will be held in Darmstadt,
Germany, March 17-19, 1997 Abstracts are due November 15,
1996, For more information, contact Professor Walter Flury,
ES0LC, Roben-Bosch-5cr, 5, 64293, Darmstadt, Germany.

Meeting Report_

ISTS Space Debris Synopsis
Susuma Toda and 8. Deshpande (NAL)

The 20th 15TS (International Symposivm oo
Space Technology and Scienced was held from
19th May unuil 25th May in Gifu-shi, Gifu
prefecture, Japan. This bi-annual event hosted
some B attendees, presenting some 200
papers, including 4 poster sussion, on a vanety
of advances in Space Technology and Science,

Six muin scssions were held over the 5 days in
subjects varving from Propulsion, Materials and
Structures, Astrodynamics, MNavigation, Fluid
Drvnamics, Acro-thermodynamics. On-orbit and
ground  support  systems and  Space
Transportation, On Tuesday 21st May scssions
m-3 and m-4 concentrated on space debns,
charred by, C.R. Maag and Y. Suzuki, and W

Flary and. ¥, Chobotov

The m-3 session opened with a discussion given
hy W. Flury of ESA/ESOC outlining ESA's
Space Debris activities and ESA's role in the
Inter Agency  Space Debns  Co-ordination
group. ESA'S Tuore plans include apdaung the
current understanding of the debns population
vig ancreased modeling of 1he environment,
hydrocode modeling of impact processes and
the inchosion of impact data from the analysis o
reiricved spacecraft, ESA has planned o
ahserve the current population wvia o oradar
installations in Germany and optical systems in

Tenenfe and o correlate with the current
tracked population rejeased Vil
LSSPACECOM

Observational limitations on the detection of
space debris were presemed. including the use
of o bistatic radar wsing saellite wracking
stations and VLBl techniques as proposed by
Fakano et al, of [SAS. Wilth the approprians
VEBE correlator such a system could measure

objects down o (L0235 m? using the 20m
diameter antenna at Kagoshima Space Center
and the 6dm receiver antenna af Usuda Deep
Space Cenler. The utilization of a on-orbit
abservational satellite’ to measure the debris
population was discussed by Takano et al from
NASDA. A number of orbits were discussed
that could allow the detection of all objects
divwn to lem within 2 2 year observalional
period, Such a system would utilize current
CCD array formats using an optical lens system.

Reynolds and Kato compared the gudelines
developed in the MNASA  Safery  Standard
1740.14 and the NASDA Standard (NASDA-
STD-187 and the associated asscssment
procedures required in each case. In general the
MNASA and NASDA puidelines complement one
another, with NASA puidelines being more
debris envirconmenl oriented and the NASA
guidelines being more engimesring oriented,
The effor o limit orbital debris generation must
be-an international effort. If one program or
country docs not cooperate, all programs are put
at risk. The cooperative effort between the
Linited States and Japan presented in (his paper
seems o be a good example of what must be
done in the fulure

The m-4 session-concentrated more on materials
and the effects of space debris and impact
damage in genéral.  The most up-to-date
imformation on the small pariicle environmen!
was  presented by Maag et al, of T&M
Engineening, with the analysis of data fram the
currently active ICA pavioad, on the Mir space
station. The results have once again opened the
cyes of the orbital debris community 10 the
problem of debris clouds intersecting spacecraf
orbits, Mir has bheen bombarded by debris
clouds with enhanced fluxes some d0-60 times
larger than the backeround at & periodicity o
soame G000 minutes, The consequence of such
debris clouds plavs an imponant role when e

consider the International Space Statton orbit
will have a similar orbit 1o that of Mir, The
menioring of these debris cloud becomes even
more perlinent when considering the expected
large number of service EVA's required for
station maintenance and for general station
survivability.

The effects: of secondary impacts penerated
from spacecrall structures was highlighted by
Ceshpande et al, of NAL in studying the
chemical residues detected on a selection of
HST solar array cells. The analysis points o the
likelthood that the impactor was thermal
control paint and thal the HST was itself a
generator of space debris, namely, thermal
control paint from the Wide Field and
Planctary Camera

Apart from space debris, spacecrafl  are
sithjected 10 impacting particles from the
natural micrometeoroid population, Neish, of
MaAL, discussed the need (o befter define the
impact velocity and direction for such panicles
as these particles can cause more penetralive
darmage 1o spacecrall surfaces with their higher
velocily and  directionality, It is theretore
important o be able to further charictenze the
meteoroid  massfvelocity  angd  direction
propertics in paralle]l with defining the space
debris population

Defining the current populalion i only one
sideof the-problem. The other is the protection
of future systemns and the remdining papers
discussed hypervelocity impact testing, The
use and limitations of shaped charge impact
testing were high-lighted by Kobayashi et al. of
MHIL. and the hole size and propagation of
crack lengths were discussed by Schonberg o
al., of University of Alabama / Huntsville, with
respect (o penctration of the Space Station
maodule walls

(Cantinued on page 100
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U. S. Initiatives in the
International Effort to
Mitigate the Orbital Debris
Environment

George M. Levin

NASA Headquarters
Office of Space Fhight
Washington, D.C. 20546

1988 TO 1992

NASA took the lead in camying out the
recommendations set out in the 1989 “Report
on Qrbital Debris,” by the Interagency Group
{Spage) for the MNational Secunty Council
(NSO Imtial acuvities were focused on
pchieving  two  major  objectives;  a)
charactenzation of the LEQ orbital debns
environment, and b) raising the awareness of
the smcefarlng nations to the importance of
understanding and mitigating the orbital debos
envirennent,
Starting in 1990, NASA undertook an
extensive program o measure and model the
orbstal debris environment using the Haystack
Orbital Debns Radar in order to provide
design requirements for the intermational
Space Sanon, These data characterizing the
orbatal debrss environment were also inended
to provide the technical foundation for any
future policies, standards and legal nonms
associated with orbital debris

In response (o direction from the N5C, NASA
also 1ook the lead in organizing bilateral
meetings with the space agencies of the
spacefaring nations to raise the awareness of
these nations 10 the problems posed by orbital
debris and 10 encourage cooperative debris
rasgarch,

These earfy activities proved very succasstul in
promating both the coordination of orhital
debris research and the early implementation
of voluntary mitigation  activities:  These
bilateral activities also set the stage for later
mulnlateral  nternational inigatives o
measure, model, and mitigate the orbital debns
environment.

Asa resuit of these early bilateral discussions,
the spacefanng nations récopnized that the

difficulnies associzted with understanding the
orbital debns environment are 0o complesx
and too extensive for any one nation 1o
endertake on s own, In addition, the ability
o measure the orbital debns environment
tsing different technigues and to model the
orbital debns environment wsing differing
assumptions or diffenng approaches has
greatly improved the confidence placed in the
results of these analyses, We also believe tha
these bilateral discussions are the major
reason that recent radar measurements of the
debris environment continue o show the
results  of voluntary  debris  mitigation
IMIEASUTES,

1992 TO THE PRESENT

The  Inter-Agency  Space Dehris

Conrdination Commitiee

By the end of 1991, 1t was recognized that the
bilateral approach for coordinating orbital
debris research had become oo fime
consuming and too expensive. The time had
come o anitiate muoltilateral discussions. In
October 1992, NASA, ESA and Japan met for
the first ume at NASA's Johnson Space
Center and set the stage for the [ormation of
the Inter-Agency Orbital Debos Coordination
Commuttee (AT

In March 1993, ESA hosted a meeting of the
1ADC at their Buropean Space Operations
Center (ESOC) in Darmstadt, Germany, The
ESOC meeting was also attended by members
of the Russian Space Agency (R5A)L  In
future meetings, the IADC membership prew
with the addition of the Chinese National
Space Azency (CNSA), the French National
Space Agency (ONES), the Bntish National
Space Agency (BNSA), and the Indian Space
Agency (ISRO).

The 1ADRC was formed 1o0;  a) exchangs
technical information on  space  debris
activities between the member agencies; b)
[acilitate opportunities for cooperation in
space debns research; ©) review progress of
ONEGINE cooperative  activites: and o)
dentity debos mutigation options,

The operation of the TADC 15 controlled by its
Terms of Reference. first adopted by the
memnber agancies in October 1993, Thase
Terms of Reference were most recently

revised in March 1996, The 1ADC is
structured around a Steering Committes and
tour speciahzed Working Groups. The host of
cach meeting acts as the chair of the meeting,

Each member of the IADC is represented in
the Steering Group. Each member must also
be  represented  in Working  Groop 4
iMitigation}, Representation in the other
Working Groups 5 desirable but  not
mandatory,

The Working Groups are focused on the
following four araas:

ad - [ s
. Measurements

-

2, Environment and Data Bases
3. Protection
4, Mitigauon

The Working Groups are composed of 2-3
experts from each member. Each Working
Group has a Chair and Vice-Chair who are
glected o serve fora term which includes two
meetings, After the second meeting, the
Vice-Chair automatically succeeds to the
Chair and a new Vice-Chair 15 clected from
the Working Group.

The National Research Councif

As noted eardier, the penod between 1988 and
1993 led 1o significant progress inooan
international understanding of the orbital
debns environment as well as the issues
associated with the geperption of orbital
debris, By 1993, NASA recognized that the
technical findings in the 11.8. Government's
1989 "Report on Orbital Debns” were dated.
NASA felt it was time to revisit the issue -
this ume from an international perspective.
MASA contracted with the Aeronautics and
Space Engincenng Board of the Natonal
Hesearch Council (NRC) for an "Orbital
Debns Technical Assessment Study.” This
study formally began in June of 1993, The
study  was  performed by the NRCO's
Commazes on Space Debrs. This commiuee
was chaired by Dr. George Gleghom and
consisted off Dr. James Asay, Mro Dale
Atkinson, Dr. Walter Flury, Mr. Nicholas
Tohnson, Mr. Donald Kessler, Dr. Stephen
Knowles, Prof. Dr. Dietrich Rex, Dr. Susumu

[Consinied o page 5)
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Tedda, Prof, Dr. Stamslay Vemaminoy, and
Mr. H. Boberr Warren.

The charter of the Committee on Space
Debns called for their report oz a)
charsctenize the current debris environment;
by project how this environment might
change 1n the absence of new measures 1o
alleviate debris proliferation: ¢) examine
ongoing alleviaton activities pertaining 1o
space debns, d) explore measures to address
the problem, including further research on
debris monitaring  and  meodeling, and
methods o mimmize space debris (ncluding
spacecraft  design, shielding, collision
avondance, and disposal and deorbiting of
upper stagas and spaceceaftl and e) develop
a set of recommendations on the technical
methods 1o address the problem of debris
proliferation.

The NEC's Commattee on Space Debnis
released their report emitled "Orbital Debns
A Technical Assessment™ in June 1995,

The United Nations Commitice on the
Peaceful Use of Quter Space

In TFebruary 44, the Scientific and
Technical Subcommittes (STSC) of the
United Nations Committee on the Peacetul
Uses of Quter Space (UNCOPUDOS) met in
Vienna, The issue of space debris was taken
up for the first time in thes forum, The 5TSC
agreed with the position put forth by the
United Stares and the other members of the
TADIC which called for a firm technical amd
scientilie basis before any future legal action
on the part of the United Nations, Most
imporantly the 3TSC agreed to the LLS.
position that the United MNations should
refratn from legal discussions of orbital
debris until a technical consensis is reached,

In February 995, the §5TSC adopted a
mut-vear plan 10 swdy orbilal debris, The
plan called for the first year to focus on
measurements; the sccond year to focus on
modeling, and the third year o focus on
mitigation: At the end of the third year. the
STEC plans 1o 1550 115 report.

The STSC met most recently in February
1996 and heard reports on the orbital debos

measurement programs of some of Qs

member natons,

The International Telecommunication
Uninn

In May 1992, the Unired States imroduced 2
derailed analysis developed by NASA on the
problem of the safing and disposal of
geostationary satellites to the Internanonal
Telecommumication  Unmion.  The UL.S.
proposal was a plan for the interim and long
term  management the peostationary
environment,  This  proposal  required
operators 1o riise the orbits of obsolete
spacecraft  200-300  km  above  the
geostationary are and to eliminate stored
energy sources from spemt GEO-transfer
stages and obsolete spacecrait, This proposal
wias accepted by Working Group 40 [t s
presently under review by Working Groups
7.8, 10,and 11,

53]

THE FUTURE

A number of international cooperative
activities are presently in the formative stages
under the auspices of the TADC, Listed below
are some of these joint projects presently
under consideration.

[. An exploratory tnternational
geostationary orbital debris obsarvation
campaign,

£

2. An investngation of space debris in the
altitude range B00- 1000 km.

3. A coordinated FOAN, Russia; and 15,
radar measurement compaign.

4. The development of joint data bases.

5, The development of a standardized
protection data base.

A, The development of a plan for
coordinating and sharing data on the
reentry of nsk nhjects,

SUMMARY

In the past decade, NASA and the national
space agencies of the spacefaning nations
have worked dibgently 1o address the

problems associated with orbital debris.
More than ever, it is clear that close
international cooperation s necessary for
dealing effectively with orbital debos,

Since the 1989 report was issued, three
impattant international developments related
to debris have taken place. First, through
NASA'S efforts, an  International Space
Agency-level organization (the Inter-Agency
Space Debris Coordination Committee) was
formed 1o facilitate the exchange of technical
rescarch and informauon related to debris,
NASA, Japan, ESA, RSA, CNSA, CNES,

BNSA. apd [SRO  curently  have
agency-level  representation  on the
Committee, Second, the United  States

intrivduced a detatled analysis on the problem
of the safing and disposal of geostationary
satellites [ the International
Telecommunication Union, Third, the United
States joined consensus with other members
of  the Scienufic and Technical
Subcommittee of the United Nations
Committee on Peaceful Uses of Outer Space
to take up the subject of space debris as a
formal agenda tem.

The United States considers the development
ol techmcal cooperation and consensus o be
a prerequisie for any potential international
agreements; reguidtory regimes or other such
measures relating o orbital debs.

Spurred by the recognized need to maximize
the safety of human space Might and to
protect intemational space assets, NASA will
canlinug o exercise its leadership role in
understanding and mitigating the orbital
debris eénvironment.

Guest Article
Submission
Requirements

To submit an anicle to be considered for
publication, please send it in machine
readable format on diskette to C, Karpiuk,
NASA Johnson Space Center, Mail Code
SN3, Heuston, Texas 77058 or via e-mail to
karpiuk@snmal jsconasa.pov, 1f possible,
please send a hard copy of the paper to the
mailing address above o assure that the
electronic version was received unchanged,




Synergistic Use of
EVOLVE/CHAIN Comparison

Fobert Reynolds and Peter Eichler

Dehris environment projections wre of great
importance [or asscssing the necessity and
effectiveness of debris mitigation measures.
Two sipnificantly different types of models
have been developed to medel orbital debris
environment evolution

Eviolve Model Background: EVOLVE was
develeped by [Dr. Robert Reynolds at
NASANSC as an evelution mode] that defimes
the cnvironment as & lme-varying ensemble of
intact space systems and debris fragments each
it an orhit and having mass, cross-sectional
and other associated data. EVOLVE uscs
as nput data the historical record of launch
traffic  (spacecrafl, wupper slages,  and
aperational debris) and mission model data for
future: (raffic, and uses breakup models 1o
determine the distribution of debns fragments

AFEL,

resulting from  coilisions or  explasions
oceurring in orbit,  The arbit propagatoe
accoumls  for  stmospheric drag and

perturhations gsseciated with the oblateness of
the Barth (12) and, for highly elliptical orbits,
Tunar and solar perrurhations.

CHAIN Model Backeround: Because of the
very high consumption of compuler Hme and
memory, debris. évolution models  like
EVOLYE are not very well suited for long 1erm
{centurics or millennia) prajections. needed to
study  long  werm environment  evolution
inchuding collisional cascading cffects: An
alternauve approach is the Paricle-in-a-Box
(PiB} model, typificd by the CHAIN model
developed by Dr.Peter Eighler at the Technical
University Braunschweig, and now used at
NASAMSC., CHAIN, which was developed
specificatly 1o study the problem of very long
term environment evolution and collision chain
redction effects, reduces the debris environment
(o random elements it 4 sét of size-and altitude
hing. Precise tratfic models, breakup models,
orbit  propagation, and non-fragmentation
sourc lerms comparable 1o those
EVOLVE only used once in the
preprocessing software 1o deline  rate
coefficient and it functions for CHAIN, By this
the computer time required for envirenment

used For

are

magnitude compared to a debris evalution

cdel like EVOLVE,

to each
i5 stow but can explicitly

There are advantages and drawbacks
approach - EVOLYE

prajections can be roduced by aboul 3 onders of

simulate essentially any condinens affecting
debris environment evolution and is very good
for calculating debris enviconment development
over [ime scales ol decades to perhaps some
ceptres, CHAIN is fast and well-soited 10
analyzing debris environmenl $labality and
orhital debris envirenment evoiuiion  over
centunies  or  millennia,  hut  the proper
delermination of the rate coetficients is essential
and very difficuit

Having both types of models available within a
single rtesearch group has proven to be
extremely usetul. A comparison of both medels
down to the module level lead w mutaal
improvements  and  validations. A 3-Step
approach using both the EVOLYE and CHAIN
model in A synergistic way was used W inerease
the reliability of long lerm  environment
projections. [n Step | EVOLVE historical
projections. |457-1995 could be validated by
comparison 1o messurements, In Step 2 the
traffic model in CHAIN, ig  the initial
conditions of 1.1.1995 and the yearly growth
terms of the population in the different
massfaltitude bins, could be adjusicd to the
results of EVOLVE for the tirst 100 years
projection time. Yery long term projections of
CHAIN. based on the wvalidated houndary
canditions of EVOLVE can now he performed
with a reasonable levet of reliability i the basic
tendencies of the results,

This synergisiic  gerplay  between  the
environment models s still developing, Fulure
plans incluede mare detailed analysis of the
sensitivities of the hasic tendencies of the results
o uncertainties in major modeling paramelers,

STS Flight Readiness Reviews

Mark Matney,
Jackson, TV

Eric Christiansen and Albern

For each Shuttle mission a Flight Readingss
Review (FRR) report 15 prepared by the orbital
debris proup several weeks before the acrual
mission. (Preliminary estimate is now done ~ |
vear before lawnch) The purpose of the FRR is
to provide information on petential cncounters
with orbital debris or penod of unusually laree
meteoroid activity

Flight planners want 10 know the hazard of
collision with small orbital debris. This is
computed using the debris fluxes from the
Engineering Moddel environment and wsing the
Bumper code to show how such collisions could
affect the Shuttle. This danger 15 distilied jmo a

- PROJECT REVIEWS

probability of hazardous collision for each
mission. What the Shuttle planners really want (o
know is i thera have been any imponant changes
in the debris coflision hazard from other missions.
Changes can result from flying the Shottle at an
unusually high altitude or it there has been 2 recent
breakup that temporanily affects the debos flux at
the planned orhiter altinde

Flight planners also want to know the Likelihood
that they will be given a debris collision avoidance
warning from US Space Command. Space
Command momitars the eovironment of satellites
larger than 10-20 cm and makes shor-term
predictions on their orbits. If, during the mission,
their caleulations show that a tracked object 15
going o v through an imaginary box measuring
Akm cross-range by dkmo radially by 10km
downrange centered on the Shuttle, they warn
mission control; who then have 1o decide whether
to manguver the Shuttle w avond the object
Becausie the FRE3 are prepared several weeks in
advance of the mission, it 15 (oo early (o know
which satellites will actuatly trigger a warning. It
15, however, possible to compuie statistically what
the chances of an encounter will be, and thisis the
information provided to the planners.

Finally, flight planners want to know if any meleor
showers or predicted metear storms may increase
the natural hazard significantly over background
leveis. nterest in transicnt meteor activity greatly
tncreased in 1993 when the Mlight plans for 5TS-31
were changed on short notice e avoid a possible
storm [roen the annual Persesd meteor shower,
While a meteor starm did mol occur, it was decided
that 10 the futwre the Shuttle program should be
forewarned of potential storm activity and how i
might affect orbiter safety.

Haystack Radar Measurement of
the Orbital Debris Environment

Thomas Settecerr.,
Malney

Eugene Stansbery and Mark

The Haystack radar has been observing the orbital
debris environment sinee 1990 using 2 stanng
gperational mode. Data have been colfected at 107
and 207 elevations pointing south and ot 20°
elevation (vertical). [n 1994 two new data
collection windows were added:  Data were
collected at 75° clevation pomting east and ar 20°
elevanon-cxicnded range which collected data at
hizher altitudes than previously collected at this
clevalion angle,

{Cantinued on prige 7)
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Four important issues have arisen with the
analysis of Haystack data since the 1adl repon
issued May 20, 1994, First, an error was
recently discovered in the software uwsed to
select and plot resulls from the Radar
Performance Madel in the 1994 report. This
error had the effect of exapgerating the
difference belween Haystack data and the
results of NASA™s 1991 Engineering Model.
The correction of this error does not chanee any
of the qualitative resulis of that report

Second, the data reveal a large population of
debriz between R30-1000 km. altitude inoan
inclination band between §0° and 707 The size
of most of debns is less than 3 cm diameter and
the polasization retems indicate that the shape
of this debris 1s sphenical. We belicve that these
debris may be small droplets of Biguid metal
coclant leaking out from the thermoelectric
nuclear reactors which were separated from the
Russian Radar Ocean Reconnaissance Satcllites
(RORSATS) at the end of their useful lifetime.
Envirenment models show that the number of
particies observed by Haystack is consistent
with this spurce using reasonable assumptions
of the amount of conlant available

Third. the fragmentation of COSMOS 484
(which oceurred in October [993) has increased
the small debrnis population 1o the 300 km
altitude regime 1o the levels measured in 1990
and 1991, Dxehns in the orbit plane of this sun
synchronous satellite can clearly be seen when
data collected from Haystack dunng December,
1993, iz plotted a5 a function of time of day
However. other analysis concluded that this was
i minor fragmentation of an ammenia ank and
that the bulk of the satellile spparently remamns
intact <o this investigation continues

Fourth. the 75% East staring data has been
analyred by looking lor debris familizs that
might be associated with individual breakups or
gronps of breakups, The analysis of the size
disteibutians from these data might provide
into the causes of the breakups. An
additional impaortant result from the analvsis 1s
that the count rate or (Tux of pieces derecied by
Haystack:  smoothly  merges  with  the
LUSSPACECOM calzloe of tracked objects in

the same orbils,

insight

[mplications for spacecraft designers,

The increase in the debns environment ag 500
km altitude i the reswll of & minor
fragmentation; which may illustrate how casiby
the environment can degrade. 11 shoukl also

illustrate the need for spacecraft designers 1o
include mitigation efforts in satellitc launch

vehicle designs (o prevent breakups. However,
the pext solar maxumum should cleanse these
debris from arhit.

Imphications for future measurements:

The Haystack measurements have provided
arbital debris rescarchers with two bmporant
new  tools  for characterizing  the debris
environment and for developing methods for
mitigating the fuluee environment: (1) the abiliny
to detect small debris from previously unknown
sources: and (2) the ability o examine size
distributions rom cataloged objects 1o objects
smatler than | cm diameter. Haystack has also
shown that the debris environment i5 dvnamic
and can change rapidly. Therefore. continued
moenitonng of the debris environment to sizes
below 1 cm should be continued.

Annual copies of the Havsiack data analysis
report are available as NASA technicul repors.
For copies. contact Gere Stanshery at NASA
lohnson Space Center, Mail Code SN3,

Optical Observations of GEO
Debris

David Talent

e large set of debris data on objects resident in
GEQ currently exists at 15C a5 aresull of a
program of observation, reduction. and analysis
of 252 hours of data obtained on 42 clear nighes
during ¥ nbserving runs to ML Haleakala on
Maui, HI between December, 1992 and April,
1994, During thess observing runs, using the
p-ort.:hlu: J15C CCD Debris Telescape (CIFT) that

a 1.8 x 1.2 degree field of view, a total of
.-113‘.?5 CCD images were obtained -- including
bias, Mot felds, and standard star felds. The ol
number of GEQ CCD data images was 13516;
since two images were oblained of each field,
thi§ means 6758 separate fields were observed.
AL442 4 Kby for each imape, the otal amount of
data recorded was 6 Ghy.

S b e [
21 T%

Orinting objects were detected in of the
6758 felds - 17.2% had a single ohject in the
fieid, %.4%0% had two objects in the feld, and
(1.005% had three or more. All of the data have
been examined in detail duning séveral thousand
hours  of  reduction and  analysis  effort
[dentitications, as complete as passible wah the
L5 Space Command unclassified element sel
cetalops availabie at JSC have been made,
the preliminary suggestion &5 that about 20% -

andl
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30% of all objects observed are candidates for
uncorrelated targers (UCTs) A copy of the
complete data set has been sent o Air Force
Space Command whose additiosal input will
be osed in preparing the final cepart on this
observing campaign.

Meanwhile, new observations are planned with
the CDT telescope at Cloudcroft, MM, New
hardware - an AXIOM AX.7 camera - and
software - MIRA PRO S/L - are on order.,
These changes to the CDT are cxpected to
reduce the limiting magnitude for the CDT by
ar deast 1.5 magnitudes, pushing the sysiem
limit to objects as fant as 18,5 magnuiwde.

EVOLVE Review and Breakup
Modeling Update

Anele Bade

The last systematic review of EVOLVE
processing and the breakup models it uses was
conducted in 1989, prior to the last peak in the
solar cycle, Comparisons with the catalog
made al that time were favorable. Since that
time non-operational objects in orbit should
have  experienced  considerably  more
interaction with the atmosphere and wee would
expect that this review should give us a better
understanding of the hallistic coelMcients of
objects in orbit,

To review and improve the breakup models,
ISC has  been  conducling o detailed
comparison  of catalog data on specific
breakups with predictions from the current
breakup models. Sixteen significant breakup
events, including both low- and high-intensity
explosions and collisions, have been simulated
in the EVOLVE program and compared (o
two-line: element (TLE)} data. The corliest
reasonably complete TLE data se1 far each
breakup have been used to compare as closely
as possrble with initial conditions of the model.
To per an ansighl int the time history of the
fragmentation debris and the fidelity of the
propagation in EYOLVE, snapshots of the
debris were taken at intervals of gvery few
years 1o compare the distributions in apoges
and perigee allitude, nclination, and size.
Preliminary indicaticns [rom the analysis are
that the breakup models are predicting too few
laree objects and that the area o mass ratio,
indicated by evidence of greater atmospheric
drog effects in the catalog data. for these
fragments need 1o be systematically increased.

(Crntinied on pape &)
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In addition te the investigation of single
breakiop events the total EVOLVE population
is bring compared to the catalog by type of
ohiect - payloads. rockel bodies, (ragment-ation
debris, and operational debris - both for the
current  environment  and  for histonical
environments, We are expecting that rocket
bedies. which have refatively simple structure
amd well known ndlial decay orbit. should be
modeled guite well.  Payloads, which have
more complex  structure  aod have
stationkeeping, are nol expected to be modeled
as well, and the resulls of this investigation
might indicate a change in the way EVOLVE
treals these abjocts.

oflen

Based on the results of the investigations
decisions will be made on updates to the
EVOLYE model and the breakup models.
When the update 15 completed the resulls will
be published asa NASA technical report

New Engineering Model Status
Jing Chang Zhang

The new cnginecring model [ORDEMY8)
wasdeveloped at NASA Johnson Space Center
and released for review in Febraary of this year,
Mare than I0 international orbital debris
axparts frem ESA, Russia, Japan. China,
NARA and other WS, organizations were
invited o participate in the testing and
verification phase from Marech through May,
Mumerous helptul comments and suggestions

received  which  are now  heing
porated. We wish too thank all the
mdividuals who sent in their comments,
gxpectally those who found errors a0 the
document or the software. We will release the
mode! for general use this fall

WETE

HICar

Modification of a High Speed
Propagator and Their Influence
On The LEO And GEO
Environment

Karl Siebald and Albent Jackson, 1V

The objective:of this study was modily the
existing high speed orbit propagator developed
by Siebeld for using in the EVOLVE orbital
debres ermvironment cvolution model so thar is

caleulated the evolution of Molniva type orbits
Maoiniva type orbits are defined to have inirial
inclinations near 63537, eccentricities of 0.6 and
larger. and spoges altitedes of 30000 km and
higher. As1s well known, these type of orhits can
he highly unstable, cxpenencing large changes in
eccentricity that can cause the objects to move
out of the low Eanh orbit (LED) environment or
to dive into the lower atmosphere and be lost
from oriil.

The interaction of Lunar/Solar perturbations,
which change the inclination and eccenlrcity of
these  orbits, with the 2 graviational
perturhations of the Earth's oblateness, which
causes the argument of perigee 1o precess, and
with ‘the: Earth's. mimosphere, have bheen
examined. The question whether or nof perigee
stays in the southern hemisphere have been
stuclied for several objects currently in achit
{rhital debris issues such as the interference hy
abjects i Molmiva (ype orbits on the LEQ and
the Ceosynchranous (GEQY environmentl are
being considered. In order to perform this study
a high speed orbital propagator has been
developed that models beth eccentricity and
inclination changes induced by the Lunar/Solar
perturbations.

Results using this propagator are heing compared
with measurements of cataloged ohjects and
compared  with  the Everhart integrator, &
validated numencal integrator of the equations af
motion for an orbiting ebject. A finsl report on
the first phase of this project, in which the
propagator results arg compared and compared
with catalog data, is planned for Seprember. A
report on analysis or breakup in Molniya type
arbis s expected in Spnng: 1997,

MSX/SBY -- Waiting For Our
First Data Of Debris In Situ

Cravid Talent. Faith Yilas, and Phillip Ane-
Meador

The basic data analysis software has been
completed 1o analyre image . data @ be returmned
from the Mideourse Space Experiment (satellite
platform in circular orbit ar 858 koo altitacde and
inclination cguals 997 ¢ Space-based Visible
Telescope (wsix inch diameter £3 telescope with
A% % 1.4° FOV buttable array of CCD chips,
[MSXISBY) sensor. Among the objectives ol the
#ulvity i the assessment of orbital parameters of
abserved ohjects based on arhie
assumptions and time-ragged angles only data, It
is expected that known objects observed will

circular

serve 2 a verification of the echnique for
delermining  the  orbital  parameters.  The
development of this analysis package way
expedited by work that had been done on the
Debris Collision Warning Sensor (DOWS)
fMight experiment, a ISC project currently on
hold after poing through to detailed design
150 is Jooking to the MSX project as a means
of getting high quality in situ orbital debris data
as well a5 -a partial proof of concepl for a
DOWS-like sensor.

The NASAMSC program  includes  two
proposed  programs: (1) SU-11 Debns
Digteclion and characterization-and {2) SU-12
Eam/Anli-Ram obscrvations.

The Haystack Orbital Debris
Analysis System

Thomas Settecerr

Waork continues on the Orbital Debris Analysis
System [ODAS) which is used to process the
Haystack/HAX data

The ODAS code is a FORTRAN based system
with a proC shell that reads and writes fromito
an ORACLE database. X-windows is the user
imterface. The original code was written hy
Xontech lne. in 1989-90

The two Orhital Debris Radar Calibrations
Spheres (ODERACS) space fight experi-
ments manzged by the 15C Space Science
brangh were designed 1o verify the Haystack
radar calibration and validate: the ODAS
software, The ODERACS experiments venificd
that the absolute calibration of the Havstack
radar was within |dB and the orthogonal
polarzation channels were within 0.5d8 of
each other

Several problems were discoverad in QDAS -
softwire bugs and processing procedures -
were discovery by the ODERACS experi-ment.
Since that time, a new  algorithm  was
developed o beller estimate the range, ranpe
rate, and amplitude for each pulse. softwane
bugs were corrected, and new processing
pracedures were implemented

During this same time period the data
processing hardware and system sofbware were
also  upgraded  The new hardware  and
opersting. system  were  nol  complelely
compatible with FORTRAN, ProC, X.-

{Canntbenedd on page 15
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The NASA Engineering Model: A
New Approach

Jing Chang Zhang, Donald Kessler, Mark
Matney, Peter Eichler, Robert Reynolds,
Phillip Anz-Meador and Eugene Stanshery

A computer-based semi-empirical orbital
debris model has been developed which
combines direct  measurements of  the
enviranment with the output and theory of
maore compled orbital debris models. Tt
approximates  the environment with 6
different nclination bands. Each band has a
umigue distnibution of semi-major axis, for
near circular orbits. and a unigue perigee
distnbution, for highly elliptical orbits. In
addition, each inclination band has unigue
size distibutions which depend on the source
of debris. Collision probability equations are
used (o relate the distobutions of orbital
elements 10 flux on a spacecraft or through
the field of view of 2 ground sensor, The
distobutions of semi-major axis, perigee, and
inclination are consistent with the U.S. Space
Command catalogue for sizes farger than
gbout 1) cm, taking the limitations of the
sensors mto account. For smaller sizes, these
distributions are adjusted to be consistent
with the flux measured by ground telescopes,
the Havstack radar, and the Goldstone radar
as well as the ux measured by the Long
Dwration Exposure Facility (LDEF) and the
Space Shuttle. The computer program
requires tess than 1 second to caloulate the
flux and velocity distribution for a given size
debris relative to an orbiting spacecraft

Presented at thed st COSPAR Scientific

Assembly, Birmingham, United Kinpdom,
(420 July (990, Paper No.; BO7-001 5

Lessons Learned from the
Comparison of EVOLVE and
CHAIN

Roben Revoolds and Peter Eichler

EVOLVE and CHAIN are twa maodels for the

projection of the orbital debris environment.
They were developed independently vsing
very  different  conceptual  approaches.
Conseguently, their comparison has proven
o be valuable for validating the debris
environment projections for both programs.
The project 1o use EVOLVE and CHAIN 1o
validate one another and o develop a
complementary use of the two codes has
been documented in a series of papers. The
garly papers in this series were focused on a
comparison of results for environment
projections over the next 100 yvears, These

companson  produced  relatively  minor
changes {and  improvements) in  both
programs  that could be explained by

conceptuzl differences designed into the
original codes.  Later papers in the sercs
focused on using EVOLVE to establish rate
cocfficients 1o be used by CHAIN for longer
LETIT ENVITONMEnt projections,

In this paper we will review the new
understandings that have resulted from these
efforts. We will also extend the work on
establishing an improved method for using
EVOLVE to set conditions for long-term
CHAIN envirenment projections and use this
new  work o begin investigating  the
sensinivity of the environment projections to
aspects of collisional breakup models that
curreotly are, and in the foresecable future
will continue o be, severely short of data,

Presented at the 315t COSPAR Scientific
Assembly, Birmingham, United Kingdom,
P27 July 1996, Paper No.: BO.7-0029

Issues Arising from the NASA
Safety Standard to Control
Orbital Debris

Robert Revnodds, Joseph Loftus, Jr. and
Donald Kessler

I 1992 NASA adopted a policy to limit the
generation of orbital debos. This policy 13
stated in MNASA Management Instruction

(NMI) 1700.8, and provides a general
statement of palicy to take action to limit

orbital debris peneration if this action is cost
effective and consistent with achieving
mission objectives.  The only specific
requirement in the policy is to perform
debris assessments during development of
MNASA programs. Toimplement this policy,
the NASA Office of Safety and Mission
Assurance, the sponsor of NMI 1T00.8,
tasked NASA Johnson Space Center (JSC)
with developing guidelings to implement
the policy. This tasking resulted in the
development of NASA Safety Standard
[740.14:  Guidelines and  Assessment
Procedures for Limiting Orbital Debris.

The Safety Standard has been reviewed and
approved by all NASA organizations and
MASA programs are now requited to
perform two debris evaluations, one at
Preliminary Design Review (PDR) and a
second 45 days poor to Critical Design
Review, once the final space system design
has been approved. The purpose of the first
report 5 0 identify potential problems that
4 program may encounter in meenng the
guidelines, and the second report is to
document efforts by the program to resolve
those problems,

Al this point in time, & paimary concemn by
NASA managers has beéen the issue of
postmission disposal of low Eanth orhit
systems and upper stages left in high
cccentrcity orbits,  These systems in
general wish to deorbit using armospheric
drag to limit the remaining orbit lifetime to
25 years, as stated by the puidelines. To
address this issue, ISC has started 3 series of
studies’ ta investigale the most efficient
oplions for reducing orbit lifetime.

In this paper we will review issues raised by
the NASA community and the responses
that have been made to resolve concerns,
Twao studies that were designed 1o minimize
vosts for postmission disposal will also be
discussed  1n this  paper. The  first

investigates options for disposal maneuvers
of upper stages thal minimize the cost
[Cortinued an page 10)
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impact on upper stage development, The
second myvestigates options for high altitude
low Earth orbit satellites {eg. Sun-
synchronous  spacecrafty that have no
sigraficant on-board propulsion,

Fresented ar the 315 COSPAR Seilentific
AssembBiv, Birmingham, United Kingdom,
(420 duldy 1996, Paper Na.: B0L7-0027

Economic Analysis
Requirements in Support of
Orbital Debris Regulation Policy

Joel Greenberg, Princeton Synergetics, Ine.

As the number of Earth orbiting objects
ncreases so does the potential for generating
orhital debris with the conseguent increase
in the likelihood of impacting and damaging
operating  satellites. Varipus  debris

remediatuon approaches are  being
considered that encompass both in-orbit and
return-to-Earth schema and have varying
degrees of operations, cost, inmernaticnal
competiivenass, and safety implications.
Because of the diversity of ssues, concems,
and long-term impacts, there 35 a clear need
for the seting of govermnment policies that
will lead to an orderly abatement of he
potential orbital debris hazards.  These
policies may require the establishment of a
supportive regulatory regime.

The Depantment of Transporation has
regulatory responsibilitics stemming from its
charge to protect the poblic health and
safety, safety of property, and nationai
security intergsts and foreign policy interests
of the United States. This paper will discuss
DOT's potential regulatory role relating 1o
orbital debns remediation, the myriad of
1ssues concerning the need for establishing
government policies relating to.orbital debns
supportive regalatory regime.

The Depariment of Transportation has
regulatory responsibilities stemming from
its charge to protect the public health and
safety, safety of property, and natonal
secunty interests and  foreign policy
interests of the United States. This paper
will discuss DOT's potential regulatory roke
relating to orbital debns remediation, the
miyriad of issues concerning the need for
establishing government policies relating o
orbital debns remediation and their
regulatory implicatio ns, the proposed
technological solutions and their economic
and safety implications,  This paper will
also  address  cost-effectiveness  and
cconomic  analyses as they relate 1o
econormic impact analysis (ELA) in suppon
of regulatory impact analysis.

Presenved ar the
1996 SPIE Conference
in Denver, Colorade
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Thie 15TS sessons bave renerared the need for
agreement between data sources and mitigation
standards that all space faring nations can agree
and adhere to. and in pariscular o memimize the
production of space debris, It is also clear tha
in the age of the IS5 there 15 an increased need
for a global monitornng sysiem 1hat incorporatés
not anly ground based observational syvstems
hut “also in orbit monitoring of the small
particles, &s detected on the Mir Space Station

The procecdings of selecied papers: will be
pubhisherl in Seplember, 1996, The 21s1 ISTS
will he held in Ohmiva, Japan, in 1998,

The International Free Flyer
Warkshop and the DCWS
Project

0. Talent and F. Vilas

J5C attended the Internationzl Free Flyver
Workshop held May 13 - 15 ar the University
af Maryland Conference Center in College
Park., Marvland, The purpose of the
conference, sponsored by MASA, was to
explore the scientfic and techmical ment of the
free-tlyer program that might he associated

with the International Space Station, Platforms of
thiy type wourkl use the [55 as a service station
from  which they could conduct repeated
aperattons in the LEQ eovironment following
servicing or upgrades. A presentation wis made
suggesting that an upgraded version of the Debris
Collision Warning Scensor {DCWE) experiment
might be a suitable candidate 10ty on the Free
Flyer platform which would oripinate at, and
return te the lnternational Space Station. A
number of attendees showed interest following
the presentation  and  plans o further
mvestigation ol this option zre  planned
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'Editor's Note '

We have gouen off to a good start with the
newsletter. After the first issue went out we
received a number of requests for
additional  “subscriptions”  and  many
address changes. We also received several
contributions fromy our readers, Please
keep us informed of address changes and
tel us know 1if vou have news vou'd like 1o
share with the other readers.

This last guarter has been very busy for
thase of us mnterested in orbital debris.
Perhaps most important has been the
confirmed collision between 2 cataloged
objects - an event predicted by Don
Kessler 13 years ago to happen about now:
This i our lead story. The breakup of the
Pegasus hydrazine auxiliary propulsion
system [HAPS) unit has surprised vs all
with the number of cataloged fragments for
the small amount of mass that must be
involved. The first debrnis measurements
have been taken from the MSX satellite,

and we are looking forward to reporting
results from that progect i the next
newsletter. There are plans o use the
Havstack radar in new ways during the
next vear, looking in the plane where
solid rocket moter finngs or breakups
have occurred to get better data
spectiic debris sources,

on

We would hke to thank two guest
contributors for this 1ssue. George Levin,
the Program Manager for Orbital Debns
at NASA Headguarters (Code M) has
provided a report on results of the
interazency conference held in Houston in
Mayv to act on the recommendations from
the Interagency Report on orbital debris
relegsed by OSTPE last Spring. D,
Susumu Toda and 5. Deshpaude of the
National Aerospace Laboratory have
provided an excellent review of the two
orbital debris  sessions in the 2{0h
International  Symposium  on  Space

Technology and Science (I8TS) held in
May in Gifu, Inpan, Dr. Toda s the head o
the Japanese delegaton tothe Inter-Agency
Space Debris Coordination Committee and
an orgamzer of that conference. We would
also like to thank Dr. Joel Greenberg of
Princeton Synergeucs for his abstract for a
paper on ecomomic ssucs for orbital debrs
mitigation

DEADLINE!!

The deadline for submitting articles 1o be
comsidered for inclusion in the next 1ssue is
MNovember |, 1996 Please send the
document i machine readable farmat on
diskette 10 Cindl A. Karpiok, NASA
Johnson Space Center, Mail Code SN3,
Houston, Texas 770538 or via ¢-mail to
karpiuk @snmail jsconasa.gav,
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windows, or cur peripheral devices, and we
continue mmplementing software interface fixes
and testing o return o nermaley, We expact to
begin processing in Septemier

Our analyses have determined that a

random phase bias exists in the radar
difference channels. This bas added an
extra analysis and processing step to our
procedures to first determine if a phase
bias exists and if necessary correct it
This step occurs before determining the
orbital debnis” path through the beam.

QOur current plan 15 to re-process 1995
Haystack and 1994 HAX data first, and
then process the 1993 and 1996 HAX and
1996 Haystack data.  Once this s
completed we will examine the 1992 - 94
Haystack data to determine if reprocessing

I:".'
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micrometieoroids, on the HAPS is being
evaluated as a possible cause for the

breakup, while other  man-induced
scenantos, e.g,, collision with a small
piece of orbital debris or HAPS
equipment  fatlure,  are also  being
examined.

Since 1961 ar least 135 satellites (about
3.5 % of all space missions) have been
involved in on-orbit  fragmentations,

Approximately 40% of the official US
satellite catalog are fragments from
these breakups.  Onpe of the major
sources of breakup debns are the mote
than 55 rocket bodies which have
disintegrated, 90% after successfully
fulfilling their payload dehvery
missions.  To date, rocket bodies
developed in the US, ESA, Russia.
Ukraing, Japan, and China have
experienced on-orbit fragmentations

Acquisition of New CCD
Camera at JSC

David Talemt

A frame-transfer video tate CCD camera that
provides either RS-170 or digital output has
bBeen received at NASA-JSC. This system 18
suitable for use with the LMT; it also may be
employed for meteor observations - perhaps

n a co-sensor mede with radar system.
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