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Preface to the Fourteenth Edition

The first edition of the History of On-Orbit Satellite Fragmentations was published by Teledyne
Brown Engineering (TBE) in August 1984, under the sponsorship of the NASA Johnson Space
Center and with the cooperation of the United States Air Force Space Command and the U.S.
Army Ballistic Missile Command. The objective was to bring together information about the 75
satellites, which had at that time experienced noticeable breakups. This update encompasses all
known satellite fragmentations. This update is published by the NASA Johnson Space Center,
Orbital Debris Program Office with support from the Engineering and Sciences Contract Group.

Since the thirteenth edition (published in May 2004) there have been 21 identified on-orbit
breakups and seven anomalous events, for a historical total of 194 fragmentations and 51
anomalous events. This activity has resulted in an approximately 27% increase in the historical
cataloged debris count (since 31 December 2003), which includes on-orbit and decayed objects.
More significant, an increase of 69% in the on-orbit debris count is observed since the last
edition. The reason for these large increases was the intentional destruction of the Fengyun 1C
spacecraft on 11 January 2007. If this event had not occurred, the increase in the historical
cataloged debris count would have been only 6% (vice 27%) and the increase in on-orbit debris
would have been only 8% (vice 69%).

The current authors would like to recognize the substantial contributions of the authors of
previous editions of this document. In addition, the assistance of personnel of U.S. Space
Command, Air Force Space Command, Naval Network and Space Operations Command
(formerly Naval Space Command), and Teledyne Brown Engineering has been vital to the
present work.

The information cut-off date for this edition is 1 August 2007.






CONTENTS

Preface to the Fourteenth Edition ....cc..ooevieieeieei e,
A CR ONY M e

1.0 INTRODUCTION ....cuuuiuiiiiiiieieireeereeeseeesesssssssssessssnnesnnnnsneennnn.
11 Definition Of TEIMS......ccvveciieiieccee e e
1.2 Information Sources and ACCUIaCY ........ccceveevueeeeieesieeiieseesreenens
13 ENVIironment OVEINVIEW .........cceeveeeieecee et

1.3.1 On-Orbit Spatial Density
1.3.2 Population Distribution

2.0 SATELLITE BREAKUPS .......uutiiiiiiiiiiiiiiiiies
21 Background and StaLUS .........cccoverieieerierie e
2.2 Identified Satellite Breakups..........cocevereneenenie e

TRANSIT 4A R/B 1961-015C
SPUTNIK 29 1962-057A
ATLAS CENTAUR 2 1963-047A
COSMOS 50 1964-070A
COSMOS 57 1965-012A
COSMOS 61-63 R/B 1965-020D
COSMOS 95 1965-088A
OV2-1/LCS2R/B 1965-082DM
OPS 3031 1966-012C
GEMINI 9 ATDA R/B 1966-046B
PAGEOS 1966-056A
AS-203 1966-059A
COSMOS U-1 1966-088A
COSMOS U-2 1966-101A
COSMOS 199 1968-003A
APOLLO6R/B 1968-025B
OV2-5R/B 1968-081E
COSMOS 248 1968-090A
COSMOS 249 1968-091A
COSMOS 252 1968-097A
METEOR 1-1 R/B 1969-029B
INTELSAT 3F-5R/B 1969-064B
OPS 7613 R/B 1969-082AB
NIMBUS4 R/B 1970-025C
COSMQOS 374 1970-089A
COSMOS 375 1970-091A
COSMOS 397 1971-015A
COSMOS 462 1971-106A
LANDSAT 1R/B 1972-058B
SALYUT 2R/B 1973-017B
COSMOS 554 1973-021A
NOAA 3 R/B 1973-086B
DMSP 5B F5 R/B 1974-015B
NOAA 4R/B 1974-089D

................................ i
.............................. iX
............................... 1
................................... 2
................................... 3
................................... 4
4

6
............................... 9
................................... 9
................................. 27
118............... 30
443............... 32
6. 34
919....cccueee. 36
1093............. 38
1270............. 40
1706............. 42
1822............. 44
2015............. 46
2188............. 48
2253 50
2289............. 52

2437 ............. 54
2536............. 56
3099............. 58
3171............. 60
3432............. 62
3503............. 64
3504............. 66
3530......cc..... 68
3836............. 70
4052............. 72
4159............. 74

4367 ............. 76
4594............. 78
4598............. 80
4964............. 82
5646............. 84
6127............. 86
6399............. 88
6432............. 90
6921............. 92
7219............. 94
7532 96



COSMOS 699 1974-103A 7587 ... 98

LANDSAT 2R/B 1975-004B 7616........... 100
NIMBUS 6 R/B 1975-052B 7946........... 102
COSMOS 758 1975-080A 8191........... 104
COSMOS 777 1975-102A 8416........... 106
COSMOS 838 1976-063A 8932........... 108
COSMOS 839 1976-067A 9011........... 110
COSMOS 844 1976-072A 9046........... 112
NOAA 5R/B 1976-077B 9063........... 114
COSMOS 862 1976-105A 9495.......... 116
COSMOS 880 1976-120A 9601........... 118
COSMOS 884 1976-123A 9614........... 120
COSMOS 886 1976-126A 9634........... 122
COSMOS 903 1977-027A 9911.......... 124
COSMOS 917 1977-047A 10059......... 126
HIMAWARI 1 R/B 1977-065B 10144......... 128
COSMOS 931 1977-068A 10150......... 130
EKRAN 2 1977-092A 10365......... 132
COSMOS 970 1977-121A 10531......... 134
LANDSAT 3R/B 1978-026C 10704......... 136
COSMOS 1030 1978-083A 11015......... 138
NIMBUS 7 R/B 1978-098B 11081......... 140
COSMOS 1045 R/B 1978-100D 11087 ......... 142
P-78 (SOLWIND) 1979-017A 11278......... 144
COSMOS 1094 1979-033A 113338......... 146
COSMOS 1109 1979-058A 11417 ......... 148
COSMOS 1124 1979-077A 11509......... 150
CATR/B 1979-104B 11659......... 152
COSMOS 1167 1980-021A 11729......... 154
COSMOS 1174 1980-030A 11765......... 156
COSMOS 1191 1980-057A 11871......... 158
COSMOS 1217 1980-085A 12032......... 160
COSMOS 1220 1980-089A 12054......... 162
COSMOS 1247 1981-016A 12303......... 164
COSMOS 1260 1981-028A 12364......... 166
COSMOS 1261 1981-031A 12376......... 168
COSMOS 1275 1981-053A 12504......... 170
COSMOS 1278 1981-058A 12547 ......... 172
COSMOS 1285 1981-071A 12627 ......... 174
COSMOS 1286 1981-072A 12631......... 176
COSMOS 1305 R/B 1981-088F 12827 ......... 178
COSMOS 1306 1981-089A 12828......... 180
COSMOS 1317 1981-108A 12933......... 182
COSMOS 1355 1982-038A 13150......... 184
COSMOS 1375 1982-055A 13259......... 186
COSMOS 1405 1982-088A 13508......... 188
COSMOS 1423 R/B 1982-115E 136%......... 190
ASTRON ULLAGE MOTOR 1983-020B 13902......... 192
NOAA 8 1983-022A 13923......... 194
COSMOS 1456 1983-038A 14034......... 196

COSMOS 1461 1983-044A 14064......... 198



COSMOS 1481 1983-070A 14182......... 200

COSMOS 1484 1983-075A 14207 ......... 202
COSMOS 1519-1521 ULLAGE MOTOR 1983-127H 14608......... 204
PALAPA B2 R/B 1984-011E 14693......... 206
WESTAR 6 R/B 1984-011F 1469%4......... 208
COSMOS 1588 1984-083A 15167 ......... 210
COSMOS 1603 ULLAGE MOTOR 1984-106F 15338......... 212
SPACENET 2/MARECS B2 R/B 1984-114C 15388......... 214
COSMOS 1646 1985-030A 15653......... 216
COSMOS 1650-1652 ULLAGE MOTOR 1985-037G 15714......... 218
COSMOS 1654 1985-039A 15734......... 220
COSMOS 1656 ULLAGE MOTOR 1985-042E 15773......... 222
COSMOS 1682 1985-082A 16054......... 224
COSMOS 1691 1985-094B 16139......... 226
COSMOS 1703 R/B 1985-108B 16263......... 228
COSMOS 1714 R/B 1985-121F 16439......... 230
COSMOS 1710-1712 ULLAGE MOTOR 1985-118L 16446......... 232
SPOT 1R/B 1986-019C 16615......... 234
COSMOS 1769 1986-059A 1689%5......... 236
USA 19 1986-069A 16937 ......... 238
USA 19R/B 1986-069B 16938......... 240
COSMOS 1813 1987-004A 17297 ......... 242
COSMOS 1823 1987-020A 17535......... 244
COSMOS 1866 1987-059A 18184......... 246
COSMOS 1869 1987-062A 18214......... 248
METEOR 2-16 R/B 1987-068B 18313......... 250
AUSSAT K3/ECS4 R/B 1987-078C 18352......... 252
COSMOS 1883-1885 ULLAGE MOTOR 1987-079G 18374......... 254
COSMOS 1883-1885 ULLAGE MOTOR 1987-079H 18375......... 256
COSMOS 1906 1987-108A 18713......... 258
EKRAN 17 ULLAGE MOTOR 1987-109E 18719......... 260
COSMOS 1916 1988-007A 18823......... 262
COSMOS 1934 1988-023A 18985......... 264
INTELSAT 513 R/B 1988-040B 19122......... 266
COSMOS 1970-1972 ULLAGE MOTOR 1988-085F 19535......... 268
COSMOS 1970-1972 ULLAGE MOTOR 1988-085G 19537 ......... 270
SKYNET 4B/ASTRA 1A R/B 1988-109C 19689......... 272
COSMOS 1987-1989 ULLAGE MOTOR 1989-001G 19755......... 274
COSMOS 1987-1989 ULLAGE MOTOR 1989-001H 19856......... 276
GORIZONT 17 ULLAGE MOTOR 1989-004E 19771......... 278
ARIANE 2R/B 1989-006B 19773......... 280
COSMOS 2022-2024 ULLAGE MOTOR 1989-039G 20081......... 282
GORIZONT 18 ULLAGE MOTOR 1989-052F 20116......... 284
COSMOS 2030 1989-054A 20124......... 286
COSMOS 2031 1989-056A 20136......... 288
COBER/B 1989-089B 20323......... 290
COSMOS 2053 R/B 1989-100B 20390......... 292
COSMOS 2054 ULLAGE MOTOR 1989-101E 20399......... 294
COSMOS 2079-2081 ULLAGE MOTOR 1990-045G 20631......... 296
FENGYUN 1-2 R/B 1990-081D 20791......... 298

COSMOS 2101 1990-087A 20828......... 300



GORIZONT 22 ULLAGE MOTOR
USA 68

COSMOS 2109-2111 ULLAGE MOTOR
COSMOS 2109-2111 ULLAGE MOTOR
ITALSAT VEUTELSAT 2 F2 R/B
COSMOS 2125-2132 R/B

COSMOS 2133 ULLAGE MOTOR
ASTRA 1B/MOP 2 R/B

COSMOS 2139-2141 ULLAGE MOTOR
COSMOS 2157-2162 R/B

COSMOS 2163

INTELSAT 601 R/B

USA 73

TELECOM 2B/INMARSAT 2 R/B
INSAT 2A/EUTELSAT 2F4 R/B
COSMOS 2204-2206 ULLAGE MOTOR
COSMOS 2204-2206 ULLAGE MOTOR
GORIZONT 27 ULLAGE MOTOR
COSMOS 2224 ULLAGE MOTOR
COSMOS 2225

COSMOS 2227 R/B

COSMOS 2237 R/B

COSMOS 2238

COSMOS 2243

COSMOS 2259

COSMOS 2262

GORIZONT 29 ULLAGE MOTOR
CLEMENTINE R/B

STEPII R/IB

COSMOS 2282 ULLAGE MOTOR
ELEKTRO ULLAGE MOTOR

RS-15 R/B

COSMOS 2313

CERISE

COSMOS 2316-2318 ULLAGE MOTOR
RADUGA 33R/B

GORIZONT 32 ULLAGE MOTOR
COSMOS 2343

KUPON ULLAGE MOTOR

COSMOS 2347

ASIASAT 3R/B (2)

COMETSR/B

FENGYUN 1C

CBERS 1

CBERS-USACI-1R/B

COSMOS 2367

COSMOS 2371 ULLAGE MOTOR
TESR/B

COSMOS 2383

COSMOS 2392 ULLAGE MOTOR
COSMOS 2392 ULLAGE MOTOR

Vi

1990-102E
1990-105A
1990-110G
1990-110H
1991-003C
1991-009J

1991-010D
1991-015C
1991-025G
1991-068G
1991-071A
1991-075B
1991-082A
1992-021C
1992-041C
1992-047G
1992-047H
1992-082F
1992-088F
1992-091A
1992-093B
1993-016B
1993-018A
1993-028A
1993-045A
1993-057A
1993-072E
1994-004B
1994-029B
1994-038F
1994-069E
1994-085B
1995-028A
1995-033B
1995-037K
1996-010D
1996-034F
1997-024A
1997-070F
1997-079A
1997-086D
1998-011B
1999-025A
1999-057A
1999-057C
1999-072A
2000-036E
2001-049D
2001-057A
2002-037E
2002-037F

20957......... 302

20978......... 304
21012......... 306
21013......... 308
21057......... 310
21108......... 312
21114......... 314
21141......... 316
21226......... 318
21734......... 320
21741......... 322
21766......... 324
21798......... 326
21941......... 328
22032......... 330
22066......... 332
22067 ......... 334
22250......... 336
22274......... 338
22280......... 340
22285......... 342
22566......... 344
22585......... 346
22641......... 348
22716......... 350
22789......... 352
22025......... 354
22974......... 356
23106......... 358
23174......... 360
23338......... 362
23440......... 364
235%......... 366
23606......... 368
23631......... 370
23797 ......... 372
23887 ......... 374
24805......... 376
250%4......... 378
25088......... 380
25129......... 382
25176......... 384
25730......... 386
25940......... 388
25942......... 390
26040......... 392
26398......... 394
26960......... 396
27053......... 398
27474.......... 400
27475......... 402



3.0
31
3.2

COSMOS 2399
ALOS1R/B

ARABSAT 4 BRIZ-M R/B
IGS3A R/B

COSMOS 2423

DMSP 5D-3 F17 R/B
BEIDOU 2A

SATELLITE ANOMALOUS EVENTS

Background and Status

Identified Satellite Anomalous Events

VANGUARD 3
TRANSIT 5B8-2

OPS 4412 (TRANSIT 9)
COSMOS 44 R/B

OPS 4988 (GREB 6)
OPS 4682 (SNAPSHOT)
OPS 8480 (TRANSIT 5B-6)
FR-1R/B

OPS 1509 (TRANSIT 10)
OPS 1593 (TRANSIT 11)
OPS 1117 (TRANSIT 12)
NIMBUS 2

OPS 0856 (MIDAS 11)
OPS 0100 (TRANSIT 15)
OPS 7218 (TRANSIT 16)
OPS 4947 (TRANSIT 17)
COSMOS 206 R/B

ISIS 1

TRANSIT 19

METEOR 1-7 R/B
METEOR 1-12 R/B
COSMOS 539
GEOS3R/B

KYOKKOH 1 (EXOS-A)
SEASAT

COSMOS 1043
TIROSN

NIMBUS 7 R/B

NOAA 6

METEOR 2-7

METEOR 2-7 R/B
MOLNIYA 3-16 R/B
NOAA 7

OSCAR 30

COSMOS 1689 R/B
COSMOS 1823
METEOR 2-17
COSMOS 1939 R/B
COBE

NADEZHDA 2 R/B

Vii

2003-035A
2006-002B
2006-006B
2006-037B
2006-039A
2006-050B
2007-003A

1959-007A
1963-049B
1964-026A
1964-053B
1965-016A
1965-027A
1965-048A
1965-101B
1965-109A
1966-005A
1966-024A
1966-040A
1966-077A
1967-034A
1967-048A
1967-092A
1968-0198B
1969-009A
1970-067A
1971-003B
1972-049B
1972-102A
1975-027B
1978-014A
1978-064A
1978-094A
1978-096A
1978-098B
1979-057A
1981-043A
1981-043B
1981-054E
1981-059A
1985-066A
1985-090B
1987-020A
1988-005A
1988-032B
1989-089A
1990-017B

27856......... 404
28932......... 406
289%44......... 408
293%4......... 410
9402........... 412
29523......... 414
30323......... 416
20 425
704............. 426
801............ 427
87T 428
271, 429
1314........... 430
1420........... 431
1815........... 432
1864........... 433
1952........... 434
2119........... 435
2173........... 436
2403........... 437
2754........... 438
807 ..o 439
2965........... 440
3151........... 441
3669........... 442
4507 ........... 443
4850........... 444
6080........... 445
6319........... 446
7735........... 447
10664......... 448
10967 ......... 449
11055......... 450
11060......... 451
11081......... 452
11416......... 453
12456......... 454
12457 ......... 455
12519......... 456
12553......... 457
15935......... 458
16111......... 459
17535......... 460
18820......... 461
19046......... 462
20322......... 463
205009......... 464



4.0
4.1
4.2

5.0
6.0

HST 1990-037B
OKEAN 3 1991-039A
SARA 1991-050E
ERS-1 R/B 1991-050F
EKA 1 (START 1) 1993-014A
START 1 R/B 1993-014B
COSMOS 2297 R/B 1994-077B
KOREASAT 1 R/B 1995-041B
RADARSAT R/B 1995-0598B
FUSE 1999-035A
IKONOS 2 1999-051A

OTHER SATELLITES ASSOCIATED WITH FRAGMENTATIONS
Aerodynamic Associations with Fragmentation Events............c.cc.e.....
Spurious Associations with Fragmentation Events............ccccccvvevieennen,

SATELLITES NOT ASSOCIATED WITH BREAKUPS

SATELLITES NOT ASSOCIATED WITH ANOMALOUS EVENTS

viii

20580......... 465
21397 ......... 466
21578......... 467
21610......... 468
22561......... 469
22562......... 470
23405......... 471
23640......... 472
23711......... 473
25791......... 474
25919......... 475
.................. 477
..................... 477
..................... 480
.................. 483
.................. 489



ADCOM
AFB
AFSPC
AFSSS
AN/FPS-85
Asc
BMEWS
CIS

Dsc

ESA
ESRO
FPS-85
GEO
GEODSS
JSC

LEO
NASA
NAVSPASUR
NAVSPOC
NORAD
PARCS

RAE

R/B
RORSAT
SATRAK
SCC

S0z

SSN

TBE

TLE
USSPACECOM
USSR/CIS

ACRONYMS

(USAF) Aerospace Defense Command

Air Force Base

Air Force Space Command

Air Force Space Surveillance System (formerly NAVSPASUR)
See FPS-85

Ascending

Ballistic Missile Early Warning System

Commonwealth of Independent States (see also USSR)
Descending

European Space Agency

European Space Research Organization

Phased-array UHF radar at Eglin AFB, Florida
Geosynchronous Orbit (orbit category)

Ground-based Electro-Optical Deep-space Surveillance System
Johnson Space Center (NASA)

Low Earth Orbit, up to 2000 km altitude (orbit category)
National Aeronautics and Space Administration

Naval Space Surveillance System

Naval Space Operations Center

North American Aerospace Defense Command

Phased-array UHF radar at Cavalier AFB, North Dakota: the Perimeter Acquisition Radar

Attack Characterization System

The Royal Aerospace Establishment
Rocket Body or Rocket Booster

Radar Ocean Reconnaissance Satellite

PC compatible astrodynamics toolkit

formerly Space Computational Center (obsolete); now Space Control Center

Sistema Obespechanya Zapuska (Proton-K Block DM attitude/ullage motor unit)

Space Surveillance Network
Teledyne Brown Engineering
Two-Line Element Set

United States Space Command

Union of Soviet Socialist Republics/Commonwealth of Independent States (after 1991)

1.1.1.1.1 SYMBOLS

AP
Al

The maximum observed change in the orbital period [min].

The maximum observed change in the inclination [°].






1.0 INTRODUCTION

Since the first serious satellite fragmentation occurred in June 1961 (which instantaneously
increased the total Earth satellite population by more than 400%) the issue of space operations
within the finite region of space around the Earth has been the subject of increasing interest and
concern. The prolific satellite fragmentations of the 1970s and the marked increase in the
number of fragmentations in the 1980s served to widen international research into the
characteristics and consequences of such events. Continued events in all orbits in later years
make definition and historical accounting of those events crucia to future research. Large,
manned space stations and the growing number of operational robotic satellites demand a better
understanding of the hazards of the dynamic Earth satellite population.

The contribution of satellite fragmentations to the growth of the Earth satellite population is
complex and varied. The majority of detectable fragmentation debris has already falen out of
orbit, and the effects of 40% of all fragmentations have completely disappeared. On the other
hand, just 11 of more than 4500 space missions flown since 1957 are responsible for 32% of all
cataloged artificial Earth satellites presently in orbit (Figure 1.0-1). Moreover, the sources of 9
of these 11 fragmentations were discarded rocket bodies that had operated as designed, but later
broke up. The recent fragmentation of Fengyun 1C (1999-025) currently accounts for 17% of all
cataloged objects in orbit. Likewise, 9 of these 11 most debris-producing fragmentations
occurred more than ten years ago (with one of the two exceptions being intentional). The
primary factors affecting the growth of the true Earth satellite population are the international
space launch rate, satellite fragmentations, and solar activity. Asof 1 August 2007, almost half
of the cataloged Earth satellite population was determined to be fragmentation debris, as
illustrated in Figure 1.0-2. Also, approximately three out of every four payloads are no longer
operational and constitute a separate, but statistically important class of orbital debris.

2500
| 2073
2000 +

1500 +

1000 +

Number of Remaining On-Orbit Debris

500 +—

259 247

1 207 197 181 175 166 155 122 122
L T AN EE = =

1999-025 1981-053 1970-025 1975-052 1999-057C 1961-015 1973-086 1992-093 1976-077 1974-089 1978-026
Mission International Designator

Figure 1.0-1. Magnitude of the 11 largest debris clouds in orbit as of 1 August 2007.
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Figure 1.0-2. Relative segments of the cataloged in-orbit Earth satellite population.

1.1 Definition of Terms

In this volume, satellite fragmentations are categorized by their assessed nature and, to a lesser
degree, by their effect on the near-Earth space environment. A satellite breakup is the usually
destructive disassociation of an orbital payload, rocket body, or structure, often with a wide
range of gecta velocities. A satellite breakup may be accidental or the result of intentional
actions, e.g., due to a propulsion system malfunction or a space weapons test, respectively. An
anomalous event is the unplanned separation, usually at low velocity, of one or more detectable
objects from a satellite, which remains essentially intact. Anomalous events can be caused by
material deterioration of items such as thermal blankets, protective shields, or solar panels, or by
the impact of small particles. As a genera rule, a satellite breakup will produce considerably
more debris, both trackable and non-trackable, than an anomalous event. From one perspective,
satellite breakups may be viewed as a measure of the effects of man's activity on the
environment, while anomalous events may be a measure of the effects of the environment on
man-made objects.

Mission-related debris result from the intentional release of objects, usually in small numbers,
during normal on-orbit operations. Objects gected during the deployment, activation, and de-
orbit of payloads and during manned operations are examples of mission-related debris. Usually,
mission-related debris from a single launch are few in number, but extreme examples
occasionally arise, such as the 200 objects from the Salyut 7 space station or the more than 140



objects from the Westford Needles experiment. Although mission-related debris represent a
non-trivial portion (approximately 12%) of al satellites in orbit today and, therefore, are a
legitimate subject in the study of methods to retard the growth of the Earth satellite population,
identification of the thousands of mission-related debris eventsis beyond the scope of this report.

1.2 Information Sources and Accuracy

A number of data sources were employed in the compilation of this volume. However, nearly al
are derived from observations collected by the U.S. Space Surveillance Network (US SSN). Due
to the variety of sources and geodetic models used to create satellite orbital element sets, all
altitudes cited within this volume are presented to the nearest 5 km, referenced to a mean Earth
of radius 6378.145 km. The accuracy of the data presented is not of adequate fidelity for
precision analysis, although it is appropriate for the anticipated uses of thistext. Complete base
element sets are provided, but manipulation of these data, in particular satellite orbit propagation,
should be performed only with validated, Air Force Space Command (AFSPC)-derived software,
such as the PC compatible SATRAK astrodynamics toolkit. Long-term propagation of these
elements is not appropriate regardless of the propagation technique applied and is, therefore,
discouraged.

Although all fragmentations are described by the number of debris cataloged and the number of
cataloged debris remaining in orbit, these parameters are poor measures of merit and should be
used with extreme caution when undertaking comparative analyses. The sensitivity of the SSN
and hence the degree to which debris will be detected and cataloged are highly dependent upon
satellite altitude and to a lesser degree on satellite inclination. Additionally, historical cataloging
practices have changed over the years. Past practices have included cataloging all debris objects
associated with a breakup, even if they had already decayed; cataloging amost no pieces from a
low atitude breakup when decay of most of the cloud was imminent; and cataloging objects as
they were created, regardless of status. These different practices have resulted in an inconsistent
historical record.

As a rule of thumb, low altitude, cataloged debris are assessed to be larger than 10 cm in
diameter. At higher atitudes objects less than 1 m in diameter may be undetectable. Individual
object sensitivities may vary dramatically from this simple generalization. Debris counts for
fragmentations occurring in highly elliptical orbits near 63 degrees inclination (Molniya-type)
are traditionally low, in part due to stable perigees situated deep in the Southern Hemisphere and
often beyond SSN coverage. During a special surveillance session in 1987, as many as 250
uncataloged objects were observed in low inclination, highly elliptical orbits, but reliable
tracking and parent identification were not achieved. The disclosure by the Russian Government
of the Ekran 2 battery explosion on 25 June 1978 is the first known fragmentation in
geostationary orbit. This event was not detected by the SSN, but since the event, four pieces
have entered the catalog. Cataloging errors, e.g., identification of an object with the wrong
parent satellite, normally are not explicitly noted in this volume since many errors have been or
may be corrected.

For fragmentations at very low altitudes, i.e., below 400 km, much of the debris may reenter
before detection, identification, and cataloging can be completed. For example, when the debris
cloud from Cosmos 1813 passed over a single SSN radar, 846 individua fragments could be



discerned. However, the total number of debris officially cataloged only reached 195. Likewise,
more than 380 fragments are known to have been injected into Earth orbits (an equal number
probably were sent on reentry trajectories) following the USA 19 test, but only 18 debris were
entered into the official satellite catalog.

1.3 Environment Overview

To place the debris population component of the orbital environment in context for the reader, it
is useful to review the general orbital environment in the near Earth and near geosynchronous
regions. Differentiation of the population by source, object type, and orbit type are also included
below.

1.3.1 ON-ORBIT SPATIAL DENSITY

The spatial density of resident space objects is a common means of describing the space object
environment and is adopted here. Spatial density (objects per unit volume) represents the
effective number of spacecraft and other objects as a function of atitude. Effective number,
rather than the simple counting of objects, is used because many objects traverse the atitude
regions of interest yet contribute little to the local collision hazard, e.g., geosynchronous transfer
orbits. Such orbits exhibit an effective contribution to the environment at any given altitude of
up to two orders of magnitude less than an object in a circular orbit within this same altitude
interval. Thus, circular orbits at or near an orbit of interest normally dominate the hazard
environment. The following figure portrays the near Earth (up to 2000 km altitude) environment
categorized by intact or debris object types. The densities are subdivided into 10 km altitude
intervals and graphed linearly. The epoch of the source data, a US SSN Two-Line Element
(TLE) set, is1 August 2007.
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Figure 1.3.1-1. The near Earth (up to 2000 km) altitude population.



It should be noted that some “uncataloged” objects are included in this figure for completeness.
These object orbits are reasonably well known, but not yet directly attributed to a specific launch
and therefore have not been included in the US SSN catalog. The peak near 890 km is due, in
large part, to the recent intentional destruction of the Fengyun 1C derelict weather spacecraft,
creating over 2000 cataloged debris and nearly 500 debris still awaiting cataloging. Also clearly
visible in this figure are other high-density regions of space. For example, the satellite
constellations deployed in LEO in the late 1990s are clearly evident: the IRIDIUM constellation
inhabits the altitude region at and about 780 km altitude, while the GLOBALSTAR constellation
inhabits the region from 1410-1420 km. Other spacecraft constellations, such as the USSR/CIS
communications and navigation constellations, are also visible near 1480 km and 950 km,
respectively.

The geosynchronous altitude environment increased in both importance and number of resident
space objects over the course of the 1990s and 2000s. Fig. 1.3.1-2 shows the geosynchronous
atitude using a logarithmic, vertical spatial density axis and altitude intervals of 25 km. Only
objects with an inclination less than 15 degrees were included. Consequently, the spatial density
values assume all spacecraft are contained within 15 degrees latitude from the equator. Because
high inclination orbits normally do not penetrate this true geosynchronous region, the assumption
is appropriate to best categorize the spatial density of this region.
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Figure 1.3.1-2. The geosynchronous altitude population.

Because the LEO spatial density chart averages over all inclinations and the GEO spatial density
chart averages over inclinations between +15 degrees, collision rates are not linearly related to
the spatial density at any given altitude. Rather, collision rates will vary not only with the spatial
density, but aso with the inclination-dependent relative velocity. Altitudes dominated by high
inclination (70-110°) orbits yield a significantly higher collision rate as compared to those



populated by lower inclination orbits. This is because objects in these inclinations can collide at
near head-on engagement geometries with objects in complementary inclinations. The exception
to this general rule is provided by the commercia constellations in LEO and spacecraft in GEO.
The commercia constellations are maintained in precise orbital planes; hence, their expected
collison rate would be versus the “background” population only. Therefore, the spikes
representing the IRIDIUM and GLOBALSTAR constellations do not present the inordinate
collision risk implied by a casual examination. Similarly, the GEO environment is characterized
by low collision velocities (< 1.5 km/s) due to the relative motion between controlled and
uncontrolled objects.

1.3.2 POPULATION DISTRIBUTION

The distribution of objects by type (e.g., Spacecraft, rocket bodies) and source (U.S., the People's
Republic of China, etc.) is germane to this discussion since objects are not randomly distributed
among these categories. To display this orbital anisotropy, the 1 August 2007 U.S. Satellite
Catalog was categorized by these nominal variables. In the following table, most category
identities should be obvious to the casual reader; however, severa require further identification.
For example, among the object type variables, “debris dispensed” refers to so-called “debris
dispensing” spacecraft, such as the Soviet/Russian manned orbital stations and the same source’s
Romb/Duga-K spacecraft. In terms of the source variable, spacecraft launched by the USSR are
incorporated into the CIS category, while the “ESRO/ESA” category includes only those
spacecraft formally launched by either the European Space Research Organization (ESRO) or the
European Space Agency (ESA); launches for specific countries, such as Germany or Spain, are
distributed into the “ other” source category.

Table 1.3.2 Source vs. Type Accounting

on-orbit
us CIS France PRC India Japan ESRO/ESA Other totals

payloads 1063 1324 44 61 33 103 36 387 3051
rocket bodies 542 837 97 37 8 35 6 27 1589
debris
dispensed 0 0 0 0 0 0 0 0 0
mission related
debris 779 507 92 62 1 36 12 5 1494
breakup debris 1666 1524 126 2315 97 2 18 35 5783
anomalous
debris 144 82 3 0 0 0 0 0 229
totals 4194 4274 362 2475 139 176 72 454 12146

decayed or beyond Earth

orbit
us CIS France PRC India Japan ESRO/ESA Other totals
payloads 800 1860 8 50 9 22 18 49 2816
rocket bodies 631 2367 55 68 8 53 5 7 3194
debris
dispensed 0 1250 0 0 0 0 0 0 1250
mission related
debris 707 4300 123 113 8 81 8 54 5394
breakup debris 2835 3272 474 179 249 22 4 4 7039
anomalous
debris 150 5 2 0 0 2 0 0 159
totals 5123 13054 662 410 274 180 35 114 19852
Grand Total -> 31998




Severa salient features are apparent in thistable. Debris is dominant among all source variables
and the mgjority of debris (and all other categories of resident space objects) are due to space
activities of the U.S,, CIS, and PRC. However, individual events from other space-faring nations
have also contributed greatly to the local environment in several sun-synchronous orbital
regimes. Examples are provided by the 1986 fragmentation of the Ariane SPOT-1/Viking rocket
body, the 2000 fragmentation of the Long March 4 CBERS-1/SACI-1 rocket body, and most
recently, the intentional destruction of the Fengyun 1C satellite by the People’s Republic of
China.

A net increase of over 3000 objects on-orbit (almost 4000 total) has been observed since the
Thirteenth Edition of this book was published in 2004. Over 2000 of the on-orbit objects were
from the intentional destruction of the aforementioned Fengyun 1C spacecraft. Table 1.3.3
shows the net increase or decrease in objects since the Thirteenth Edition. A discouraging
feature of Table 1.3.3 is that every object type showed a net increase of on-orbit objects, and
only breakup debris from India showed a net decrease of nine objects when evaluating any
source and type combination.

Table 1.3.3 Source vs. Type Accounting — Net change since 13" Edition

on-orbit
U.S. CIS France PRC India Japan ESRO/ESA Other totals

payloads 82 11 11 23 6 19 3 60 215
rocket bodies 17 22 5 15 2 6 0 13 80
debris
dispensed 0 0 0 0 0 0 0 0 0
mission related
debris 160 78 5 51 0 17 1 3 315
breakup debris 110 141 12 2065 -9 2 7 35 2363
anomalous
debris 38 69 2 0 0 0 0 0 109
totals 407 321 35 2154 -1 44 11 111 3082

decayed or beyond Earth

orbit
U.S. CIS France PRC India Japan ESRO/ESA Other totals
payloads 22 48 0 7 1 2 3 1 84
rocket bodies 40 67 9 14 1 3 0 3 137
debris
dispensed 0 0 0 0 0 0 0 0 0
mission related
debris 19 73 11 26 3 17 1 25 175
breakup debris 71 214 5 29 29 21 0 4 373
anomalous
debris 15 1 1 0 0 0 0 0 17
totals 167 403 26 76 34 43 4 33 786
Grand Total -> 3868
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2.0 SATELLITE BREAKUPS

This section summarizes the current breakup environment and describes each individual breakup.
Each breakup is presented in a two-page format. New classes of breakup types have tended to
fuel the background breakup rate, replacing classes of breakups from older on-orbit practices
such as the Delta rocket body failures.
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Figure 2.0-1. Number of breakups by year since 1961.

2.1 Background and Status

By far the most important category of man-made, on-orbit objects is satellite breakups, which
now account for almost 48% of the total cataloged on-orbit Earth satellite population of 12146
Earth-orbiting objects. Since 1957 a total of 194 satellites are believed to have broken up
(Tables 2.1 and 2.2). Breakups due to aerodynamic forces at or near reentry are treated
separately from breakups caused by other factors, because aerodynamic breakups occur at the
end of the satellite lifetime and, therefore, contribute nothing toward the orbital environment past
the very near term. Only a fraction of these breakups are even detected because of the short
remaining lifetime of the object and its debris. Twenty-four additional breakups of this
aerodynamic nature that have been detected, and these events, are discussed in Chapter 4 and
omitted from data included in this chapter.



The primary causes of satellite breakups (Figure 2.1-1) are propulsion-related events and
deliberate actions, athough the cause for over one in five breakups remains uncertain. This
document will continue to carry breakup causes as unknown until a strong case can be made for
one of the other cause classifications. Deliberate actions, often associated with activities related
to national security, were formerly the most frequently occurring class, athough only one such
event occurred during the decade from 1997 until the Fengyun 1C event in January 2007. On
average, the resulting debris from deliberate actions are short-lived (Figures 2.1-2 and 2.1-3), the
exception being Fengyun 1C. Propulsion-related breakups, currently the most frequent class,
include catastrophic malfunctions during orbital injection or maneuvers, subsequent explosions
based on residual propellants, and failures of active attitude control systems. Breakups of rocket
bodies due to propulsion failures are usually more prolific and produce longer-lived debris than
the intentional destruction of payloads, often due to the higher atitudes of the malfunctioning
rocket bodies rather than the mechanics of the explosive event. Although it may appear obvious
that a rocket body breakup should be classified under the "Propulsion” category, rocket body
events are carried as "Unknown" until a failure mechanism can be confidently identified for that
rocket body design and is associated with a given rocket body event.

battery  accidental
4.1% collision
1.5%

unknown
20.1%

deliberate
28.9%

propulsion
45.4%

Figure 2.1-1. Causes of known satellite breakups.
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Figure 2.1-2. Proportion of all cataloged satellite breakup debris.
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Figure 2.1-3. Proportion of cataloged satellite breakup debris remaining in orbit.

unknown

The rate of satellite breakups increased noticeably in the 1970s and has continued through the
1990s and into the new millennium at an average pace of approximately five fragmentations per
year. There was a period of 11 months from June 2005 to May 2006 in which no known
breakups took place. While it would be exciting for this to indicate a trend, there were 13 events
in the following 20 months, rendering the previous breakup-free period as nothing more than a
statistical anomaly. Increased awareness of potential hazards has resulted in positive actions to
mitigate or eliminate many known breakup causes, e.g., Delta second stages, weapons testing,
and Cosmos 862-type events. Together, these three programs were responsible for more than
one-in-four of all satellite breakups in the decade of the 1980s. The quick response of
Arianespace and the European Space Agency to the breakup of an Ariane third stage in 1986 is
indicative of a desire by most space-faring organizations to operate in near-Earth space
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responsibly. Today, new series of boosters and satellites have resulted in new breakup sources,
such as the fragmentation of a Pegasus HAPS stage in June 1996. Also, the intentional
destruction of the Fengyun 1C spacecraft has noticeably increased the percentage of debris from
deliberate events as compared to the previous edition of this book.

Figures 2.1-4 and -5 illustrate that a slight majority of the satellite breakup debris total and debris
remaining in orbit today have originated from payloads. In previous editions of this book, rocket
bodies always had more total and on-orbit debris than payloads (in the case of on-orbit, by aratio
of aimost 3:1), but the 2000+ fragments from the Fengyun 1C event have changed the pattern.

mission-related
debris
3.5%

rocket bodies
46.2%
payloads
50.2%

Figure 2.1-4. Sources of all cataloged satellite breakup debris by satellite type.

mission-related
debris
3.9%

rocket bodies
40.6%

payloads
55.5%

Figure 2.1-5. Sources of satellite breakup debris in orbit by satellite type.

12



NAME

TRANSIT 4A R/B
SPUTNIK 29
ATLAS CENTAUR 2
COSMOS 50

COSMOS 57
COSMOS 61-63 R/B
OV2-1/LCS 2 R/B
COSMOS 95

OPS 3031

GEMINI 9 ATDA R/B
PAGEOS

AS-203

COSMOS U-1
COSMOS U-2
COSMOS 199
APOLLO 6 R/B (S4B)
OV2-5R/B

COSMOS 248
COSMOS 249
COSMOS 252
METEOR 1-1 R/B
INTELSAT 3 F-5 R/B
OPS 7613 R/B
NIMBUS 4 R/B

INTERNATIONAL CATALOG
NUMBER

DESIGNATOR

1961-015C
1962-057A
1963-047A
1964-070A

1965-012A
1965-020D
1965-082DM
1965-088A
1966-012C
1966-046B
1966-056A

1966-059A
1966-088A
1966-101A
1968-003A
1968-025B
1968-081E
1968-090A
1968-091A
1968-097A
1969-029B
1969-064B
1969-082AB
1970-025C

TABLE 21 HISTORY OF SATELLITE BREAKUPSBY LAUNCH DATE

118
443
694
919

1093
1270
1822
1706
2015
2188
2253

2289
2437
2536
3099
3171
3432
3503
3504
3530
3836
4052
4159
4367
4601
4649
4610
4601

LAUNCH
DATE
29-Jun-61
24-Oct-62
27-Nov-63
28-Oct-64

22-Feb-65
15-Mar-65
15-Oct-65
4-Nov-65
15-Feb-66
1-Jun-66
24-Jun-66

5-Jul-66
17-Sep-66
2-Nov-66
16-Jan-68
4-Apr-68
26-Sep-68
19-Oct-68
20-Oct-68
1-Nov-68
26-Mar-69
26-Jul-69
30-Sep-69
8-Apr-70

EVENT
DATE
29-Jun-61
29-Oct-62
27-Nov-63
5-Nov-64

22-Feb-65
15-Mar-65
15-Oct-65
15-Jan-66
15-Feb-66
Mid-Jun-66
12-Jul-75
20-Jan-76
10-Sep-76
Mid-Jun-78
Mid-Sep-84
Mid-Dec-85
5-Jul-66
17-Sep-66
2-Nov-66
24-Jan-68
13-Apr-68
21-Feb-92
1-Nov-68
20-Oct-68
1-Nov-68
28-Mar-69
26-Jul-69
4-Oct-69
17-Oct-70
23-Jan-85
17-Dec-85
2-Sep-86
23-Dec-91

DEBRIS

CATALOGED

296
24
19
96

167
147
473
1
38
51
79

34
53
41

16

108
139
37
23
261
373

13

DEBRIS APOGEE PERIGEE

LEFT

181
0

247

(KM)

995
260
1785
220

425
1825
790
520
270
275
5170
5425

215
855
885
355
360
35810
545
2165
2140
850
5445
940
1085

(KM)

880
200
475
175

3200
2935

185
140
145
200
200
35100
475
490

905
1065

INCLINATION
(DEG)
66.8
65.1
30.3
51.2

64.8
56.1
32.2
48.4
96.5
28.8
85.3
85.1

32.0
49.6
49.6
65.6
32.6
11.9
62.2
62.3
62.3
81.2
30.4
70.0
99.9

ASSESSED

CAUSE
PROPULSION
PROPULSION
PROPULSION
DELIBERATE

DELIBERATE
UNKNOWN
PROPULSION
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
DELIBERATE
DELIBERATE
DELIBERATE
DELIBERATE
PROPULSION
PROPULSION
DELIBERATE
DELIBERATE
DELIBERATE
UNKNOWN
PROPULSION
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

COMMENT

ABLESTAR STAGE
MOLNIYA FINAL STAGE
CENTAUR STAGE

PAYLOAD RECOVERY
FAILURE
SELF-DESTRUCT

COSMOS SECOND STAGE
TITAN TRANSTAGE

INFLATABLE SPHERE
ATLAS CORE STAGE
INFLATABLE SPHERE

SATURN S-IVB STAGE
SELF-DESTRUCT
SELF-DESTRUCT
SELF-DESTRUCT
SATURN S-IVB STAGE
TITAN TRANSTAGE
DEBRIS IMPACT
SELF-DESTRUCT
SELF-DESTRUCT
VOSTOK FINAL STAGE
TE 364-4 STAGE

AGENA D STAGE
AGENA D STAGE

2 ADDITIONAL OBJECTS
3 ADDITIONAL OBJECTS
2 ADDITIONAL OBJECTS
5 ADDITIONAL OBJECTS



NAME

COSMOS 374
COSMOS 375
COSMOS 397
COSMOS 462
LANDSAT 1 R/B
SALYUT 2 R/B

COSMOS 554
NOAA 3R/B
DMSP 5B F5 R/B

NOAA 4R/B
COSMOS 699

LANDSAT 2 R/B

NIMBUS 6 R/B
COSMOS 758
COSMOS 777
COSMOS 838
COSMOS 839
COSMOS 844
NOAA 5R/B
COSMOS 862
COSMOS 880
COSMOS 884
COSMOS 886
COSMOS 903
COSMOS 917

HIMAWARI 1 R/B

COSMOS 931
EKRAN 2
COSMOS 970
LANDSAT 3 R/B
COSMOS 1030

INTERNATIONAL CATALOG
NUMBER

DESIGNATOR

1970-089A
1970-091A
1971-015A
1971-106A
1972-058B
1973-017B

1973-021A
1973-086B
1974-015B

1974-089D
1974-103A

1975-004B

1975-052B
1975-080A
1975-102A
1976-063A
1976-067A
1976-072A
1976-077B
1976-105A
1976-120A
1976-123A
1976-126A
1977-027A
1977-047A
1977-065B
1977-068A
1977-092A
1977-121A
1978-026C
1978-083A

TABLE 21 HISTORY OF SATELLITE BREAKUPSBY LAUNCH DATE (CONT’D)

4594
4598
4964
5646
6127
6399

6432
6921
7219

7532
7587

7616

7946
8191
8416
8932
9011
9046
9063
9495
9601
9614
9634
9911
10059
10144
10150
10365
10531
10704
11015

LAUNCH
DATE
23-Oct-70
30-Oct-70
25-Feb-71
3-Dec-71
23-Jul-72
3-Apr-73

19-Apr-73
6-Nov-73
16-Mar-74

15-Nov-74
24-Dec-74

22-Jan-75

12-Jun-75
5-Sep-75
29-Oct-75
2-Jul-76
8-Jul-76
22-Jul-76
29-Jul-76
22-Oct-76
9-Dec-76
17-Dec-76
27-Dec-76
11-Apr-77
16-Jun-77
14-Jul-77
20-Jul-77
20-Sep-77
21-Dec-77
5-Mar-78
6-Sep-78

EVENT
DATE
23-Oct-70
30-Oct-70
25-Feb-71
3-Dec-71
22-May-75
3-Apr-73

6-May-73
28-Dec-73
17-Jan-05

20-Aug-75
17-Apr-75
2-Aug-75
9-Feb-76
19-Jun-76
1-May-91
6-Sep-75
25-Jan-76
17-May-77
29-Sep-77
25-Jul-76
24-Dec-T77
15-Mar-77
27-Nov-78
29-Dec-76
27-Dec-76
8-Jun-78
30-Mar-79
14-Jul-77
24-Oct-77
25-Jun-78
21-Dec-77
27-Jan-81
10-Oct-78

DEBRIS
CATALOGED
99
47
116
25
226
25

195
197

146
50

207

268
76
62
40
69

248

14

DEBRIS APOGEE PERIGEE

LEFT

21
17
47
0
31
0

0
175

122

33

207

67

155

(KM)

2130
2100
2200
1800
910
245

350
1510
885

1460
445
440
915
910

1105
325
440
445

2100
355

1520

39645
620
320
2295
39035
38725
2025
39665
35800

1140
910

39760

(KM)

530
525

230
635
195

170
1500
775

1445
425
415
740
745

1095
175
430
415
980
170

1505
765
550
170
595

1325

1645
535
680

35785
945
900
665

INCLINATION
(DEG)
62.9
62.8
65.8
65.7
98.3
51.5

72.9
102.1
99.1

101.7
65.0
65.0
97.8
97.7
99.6
67.1
65.0
65.1
65.9
67.1

102.0
63.2
65.8
65.0
65.8
63.2
62.9
29.0
62.9

0.1
65.8
98.8
62.8

ASSESSED

CAUSE
DELIBERATE
DELIBERATE
DELIBERATE
DELIBERATE
PROPULSION
PROPULSION

DELIBERATE
PROPULSION

COLLISION,
ACCIDENTAL
PROPULSION

UNKNOWN
UNKNOWN
PROPULSION
PROPULSION
PROPULSION
DELIBERATE
UNKNOWN
UNKNOWN
BATTERY
DELIBERATE
PROPULSION
DELIBERATE
BATTERY
DELIBERATE
DELIBERATE
DELIBERATE
DELIBERATE
PROPULSION
DELIBERATE
BATTERY
DELIBERATE
PROPULSION
DELIBERATE

COMMENT

SELF-DESTRUCT
SELF-DESTRUCT
SELF-DESTRUCT
SELF-DESTRUCT
DELTA SECOND STAGE

PROTON-K SECOND
STAGE
SELF-DESTRUCT

DELTA SECOND STAGE
HIT BY DEBRIS (26207)

DELTA SECOND STAGE
COSMOS 699 CLASS

DELTA SECOND STAGE

DELTA SECOND STAGE
SELF-DESTRUCT
COSMOS 699 CLASS
COSMOS 699 CLASS

SELF-DESTRUCT
DELTA SECOND STAGE
SELF-DESTRUCT

SELF-DESTRUCT
SELF-DESTRUCT
SELF-DESTRUCT
SELF-DESTRUCT
DELTA SECOND STAGE
SELF-DESTRUCT

SELF-DESTRUCT
DELTA SECOND STAGE
SELF-DESTRUCT



NAME

NIMBUS 7 R/B
COSMOS 1045 R/B
P-78 (SOLWIND)
COSMOS 1094
COSMOS 1109
COSMOS 1124
CAT R/B
COSMOS 1167
COSMOS 1174
COSMOS 1191
COSMOS 1217
COSMOS 1220
COSMOS 1247
COSMOS 1260

COSMOS 1261
COSMOS 1275
COSMOS 1278
COSMOS 1285
COSMOS 1286
COSMOS 1305 R/B
COSMOS 1306

COSMOS 1317
COSMOS 1355

COSMOS 1375
COSMOS 1405
COSMOS 1423 R/B

ASTRON ULLAGE
MOTOR
NOAA 8

COSMOS 1456

INTERNATIONAL CATALOG
NUMBER

DESIGNATOR

1978-098B
1978-100D
1979-017A
1979-033A
1979-058A
1979-077A
1979-104B
1980-021A
1980-030A
1980-057A
1980-085A
1980-089A
1981-016A
1981-028A

1981-031A
1981-053A
1981-058A
1981-071A
1981-072A
1981-088F
1981-089A

1981-108A
1982-038A

1982-055A
1982-088A
1982-115E
1983-020B

1983-022A
1983-038A

TABLE 21 HISTORY OF SATELLITE BREAKUPSBY LAUNCH DATE (CONT’D)

11081
11087
11278
11333
11417
11509
11659
11729
11765
11871
12032
12054
12303
12364

12376
12504
12547
12627
12631
12827
12828

12933
13150

13259
13508
13696
13902

13923
14034

LAUNCH
DATE
24-Oct-78
26-Oct-78
24-Feb-79
18-Apr-79
27-Jun-79
28-Aug-79
24-Dec-79
14-Mar-80
18-Apr-80
2-Jul-80
24-Oct-80
4-Nov-80
19-Feb-81
20-Mar-81

31-Mar-81
4-Jun-81
19-Jun-81
4-Aug-81
4-Aug-81
11-Sep-81
14-Sep-81

31-Oct-81
29-Apr-82

6-Jun-82
4-Sep-82
8-Dec-82
23-Mar-83

28-Mar-83
25-Apr-83

EVENT
DATE
26-Dec-81
9-May-88
13-Sep-85
17-Sep-79
Mid-Feb-80
9-Sep-79
Apr-80
15-Jul-81
18-Apr-80
14-May-81
12-Feb-83
20-Jun-82
20-Oct-81
8-May-82
10-Aug-82
Apr/May-81
24-Jul-81
Early-Dec-86
21-Nov-81
29-Sep-82
11-Sep-81
12-Jul-82
18-Sep-82
Late-Jan-84
8-Aug-83
1-Feb-84
20-Feb-84
21-Oct-85
20-Dec-83
8-Dec-82
3-Sep-84

30-Dec-85
13-Aug-83

DEBRIS
CATALOGED

1
42
285
11
22
12
46

83

68

310

18

29

61
32
29

15

DEBRIS APOGEE PERIGEE

LEFT

1
37

58

(=)

(KM)

955
1705
545
405
39425
39795
33140
450
1660
39255
38830
885
39390
750
750
39765
1015
37690
40100
325
13795
405
370
39055
395
320
290
1000
340
425
1230

830
39630

(KM)

935
1685
515
380
960
570
180
355
380
1110
1530
570
970
450
445
610
960
2665
720
300
605
380
370
1315
360
305
270
990
310

220

805
730

INCLINATION
(DEG)
99.3
82.6
97.6
65.0
63.3
63.0
17.9
65.0
66.1
62.6
65.2
65.0
63.0
65.0
65.0
63.0
83.0
67.1
63.1
65.0
62.8
64.9
64.9
62.8
65.1
65.0
65.0
65.8
65.0
62.9
51.5

98.6
63.3

ASSESSED
CAUSE

PROPULSION
PROPULSION
DELIBERATE
UNKNOWN
DELIBERATE
DELIBERATE
PROPULSION
UNKNOWN
DELIBERATE
DELIBERATE
DELIBERATE
UNKNOWN
DELIBERATE
UNKNOWN
UNKNOWN
DELIBERATE
BATTERY
DELIBERATE
DELIBERATE
UNKNOWN
PROPULSION
UNKNOWN
UNKNOWN
DELIBERATE
UNKNOWN
UNKNOWN
UNKNOWN
BATTERY
UNKNOWN
PROPULSION
PROPULSION

BATTERY
DELIBERATE

COMMENT

DELTA SECOND STAGE
TSYKLON THIRD STAGE
HYPERVELOCITY IMPACT
COSMOS 699 CLASS
SELF-DESTRUCT
SELF-DESTRUCT
ARIANE 1 FINAL STAGE
COSMOS 699 CLASS
SELF-DESTRUCT
SELF-DESTRUCT
SELF-DESTRUCT
COSMOS 699 CLASS
SELF-DESTRUCT
COSMOS 699 CLASS

SELF-DESTRUCT

SELF-DESTRUCT
SELF-DESTRUCT
COSMOS 699 CLASS
MOLNIYA FINAL STAGE
COSMOS 699 CLASS

SELF-DESTRUCT
COSMOS 699 CLASS

COSMOS 699 CLASS
MOLNIYA FINAL STAGE
PROTON-K BLOCK DM SOZ

SELF-DESTRUCT



NAME

COSMOS 1461

COSMOS 1481
COSMOS 1484

COSMOS 1519-1521
ULLAGE MOTOR
PALAPA B2 R/B

WESTAR 6 R/B
COSMOS 1588

COSMOS 1603
ULLAGE MOTOR
SPACENET 2/
MARECS B2 R/B
COSMOS 1646

COSMOS 1650-1652
ULLAGE MOTOR
COSMOS 1654

COSMOS 1656
ULLAGE MOTOR
COSMOS 1682

COSMOS 1691
COSMOS 1703 R/B

COSMOS 1710-1712
ULLAGE MOTOR
COSMOS 1714 R/B

SPOT 1/VIKING R/B
COSMOS 1769

USA 19

USA 19 R/B
COSMOS 1813
COSMOS 1823
COSMOS 1866
COSMOS 1869
METEOR 2-16 R/B
AUSSAT/ECS R/B

COSMOS 1883-1885
ULLAGE MOTOR
COSMOS 1883-1885
ULLAGE MOTOR

INTERNATIONAL CATALOG
NUMBER

DESIGNATOR

1983-044A

1983-070A
1983-075A
1983-127H

1984-011E
1984-011F
1984-083A
1984-106F

1984-114C

1985-030A
1985-037G

1985-039A
1985-042E

1985-082A
1985-094B
1985-108B
1985-118L

1985-121F
1986-019C
1986-059A
1986-069A
1986-069B
1987-004A
1987-020A
1987-059A
1987-062A
1987-068B
1987-078C
1987-079G

1987-079H
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14064

14182
14207
14608

14693
14694
15167
15338

15388

15653
15714

15734
15773

16054
16139
16263
16446

16439
16615
16895
16937
16938
17297
17535
