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Chapter I.1

Preface

The General Catalog of Artificial Space Objects (GCAT) makes public the full satellite database that underlies
Jonathan’s Space Report (https://planet4589.org/jsr.html)

The diagram below indicates the general structure of the database, which reflects the data model of the
information it describes.

An artificial space object (for short, in future simply ‘object’) a satellite or spacecraft (active payload, rocket
stage, discarded component, piece of debris) outside the Earth’s lower atmosphere. At a given time it can be in one
of the following object states:

• Attached to another object

• In free flight in the gravitational field of a world or astronomical body

• On the surface of an astronomical body

• Destroyed (in a collision, explosion or by burnup in atmospheric entry).

Each time the object transitions to another state (undocks, is attached to something, reenters, changes which
body it is orbiting, etc.) marks the beginning or end of a phase. Most objects in GCAT have only a single phase -
they separate from an object (launch vehicle) and then are either still in free flight or have reentered. However, some
objects go through many phases.

The main object catalogs define and list the first phase of each object. Objects with more than one phase have
their subsequent phases listed as entries in the event object catalogs. A subset of objects are considered payloads
and have additional data in the payload catalogs.

Each object (with rare exceptions) is associated with a single launch, described in the launch lists. Each
launch may be associated with many objects. The launch lists are the same as those in the already-published LVDB.

Each launch is associated with a launch vehicle and a launch origin (generalization of launch site), and
both launches and objects are associated with organizations of several kinds (countries, owners, manufacturers).
These associations are expressed by strings which link the launch and object catalogs with the supporting tables.
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Figure: (1) Overall structure of GCAT. (2) Detailed structure of the object catalogs.

The supporting tables and the launch lists were published as GCAT release 1.0.2 in Aug 2020.
Pre-release versions have been public for a decade as part of the Launch Vehicle Database (LVDB).
(https://planet4589.org/space/lvdb/index.html) Release 1.1.0 is the first complete, formally versioned and docu-
mented release to include the object catalogs.

For each payload, there is also a payload narrative and a payload event log. However, these are considerably
further from being ready for publication, so don’t hold your breath.

Note that in fixed width versions of the table files, column names are truncated to the field width. Sorry about
that!

I.1.0.1 Citing GCAT

GCAT is released under the Creative Commons CC-BY licence. You are free to use the data in GCAT as long as you
include a citation to it. A suitable short citation is ’data from GCAT (J. McDowell, planet4589.org/space/gcat)’. A
full citation is
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I.0.1 GCAT Release History

Release Date Notes
LVDB 2.0 2010 Oct 28 Added 1950s Soviet missiles from Asif Siddiqi
LVDB 2.1 2011 Nov 17 general update
LVDB 2.2 2014 Aug 25 Added many new Soviet ICBM launches provided by a Russian source, general update
LVDB 2.3 2014 Oct 6 Added a number of launches from El Arenosillo, Spain, and assorted launch times for US missiles, revised analysis of locations of Redstone launches.
LVDB 2.4 2014 Nov 11 with more data on Soviet launches.
LVDB 2.5 2015 Jan 12
LVDB 2.6 2015 Jul 16
LVDB 2.7 2015 Dec 22 with new USSR launch time data from Andrey Krasil’nikov
LVDB 2.8 2016 Dec 30
LVDB 2.9 2017 Sep 7
LVDB 2.10 2017 Dec 28
LVDB 2.11 2019 Dec 24 there were multiple unversioned minor data updates in 2017-2020
LVDB 2.12 2020 Jun 14 Changed launch site codes
GCAT 1.0.1 2020 Jun 19 Pre-release with supporting files only: Orgs, Sites, Platforms
GCAT 1.0.2 2020 Aug 9 Pre-release with supporting files and launch lists, supersedes LVDB
GCAT 1.1.0 2020 Aug 23 First full release with object catalogs
GCAT 1.1.1 2020 Aug 23 Added omitted documentation (intro/orbits.html)
GCAT 1.1.2 2020 Aug 23 Fixed a few typos and incorrect links
GCAT 1.1.3 2020 Aug 28 Added some Chinese missile bases to Sites file, minor doc updates
GCAT 1.1.4 2020 Sep 1 Added new section DERIVED CATALOGS with new catalog ‘currentcat’. Updated OX flags for lost objects.
GCAT 1.1.5 2020 Sep 1 Changed the structure of ’currentcat’ to fix some issues.
GCAT 1.1.6 2020 Sep 25 Added new field ”Ac” (active satellite flag) to ‘currentcat’
GCAT 1.1.7 2020 Dec 30 Added new derived catalog LAUNCHLOG to replace old launchlog.txt, and new intro section on U launches
GCAT 1.1.8 2021 Jan 23 Added TF and ATT columns to payload catalogs and updated possible values for MVR column
GCAT 1.1.9 2021 Mar 13 Added support for ’D’ descriptor for cubesat deployers in byte 2 of SatType
GCAT 1.1.10 2021 Apr 4 Added Starlink failure codes to SatType byte 8
GCAT 1.2.0 2021 Jul 21 Introduced ’NomCode’ nomenclature code support (with only a few values filled)
GCAT 1.2.1 2021 Aug 17 Added new phase type ’C’ for in-orbit collisions (intro/phases.html) and new launch designation ’UNK’ for unknown objects (intro/desig.html)
GCAT 1.2.2 2021 Oct 17 Added new crossindex for deepcat entries, added REFLT status code for relaunched objects, changed LO status code to include object’s new catalog number
GCAT 1.2.3 2021 Nov 30 Added column-description documentation for derived (currentcat, launchlog) tables.
GCAT 1.2.4 2022 Jan 18 Added new column ’plane’ in payload catalogs to record constellation planes
GCAT 1.2.5 2022 Feb 14 Added parent and sep date columns to ’currentcat’ to help generate debris history plots
GCAT 1.2.6 2022 Feb 15 Added persistent analyst objects to currentcat, and documentation of analyst objects to intro.
GCAT 1.2.7 2022 Feb 16 Added SatType field to derived catalog ’launchlog’ and updated documentation.
GCAT 1.2.8 2022 Mar 24 Changed meaning of SatType byte 4 value ’K’
GCAT 1.2.9 2022 Mar 25 Added C3 and SpE values to special (U) launch table
GCAT 1.2.10 2022 Apr 20 Added orbital period to derived file ’currentcat’
GCAT 1.2.11 2022 Apr 28 Added lower case ’c’ option in sat type for objects with newly-declassified orbital data, see type.html
GCAT 1.2.12 2022 Jun 11 Minor documentation corrections
GCAT 1.2.13 2022 Sep 12 Added geosync orbit catalog
GCAT 1.3.0 2022 Sep 25 Added launch service codes and launch profile codes
GCAT 1.3.1 2022 Sep 26 LEO upper boundary changed to 2000 km (was previously 2 hour period)
GCAT 1.3.2 2022 Dec 2 SatType bytes 11 and 12 defined.
GCAT 1.3.3 2022 Dec 26 CurrentCat added Owner and State fields, current owners for defunct sats updated
GCAT 1.3.4 2023 Mar 27 Added missing documention to phases.html about OI, OE cases.
GCAT 1.4.0 2023 Apr 13 Changed suborbital targeted reentry values from ’R’ to ’S’ to distinguish from uncontrolled reentry
GCAT 1.5.0 2023 Sep 22 Changed status value EVA to EVA RP and for spacesuits, TFR E changed to EVA DP (repress, depress)
GCAT 1.5.1 2023 Oct 1 Added status byte 6 value of G for generic cargo accounting, and clarified use of values for all stations
GCAT 1.5.2 2023 Oct 6 Added status values TO (LO from small bodies) and LOA (extraterrestrial REFLT, LO attached), RET changed to TFR IN
GCAT 1.5.4 2023 Oct 24 Added Owner and State fields to (derived) launchlog file.
GCAT 1.5.5 2024 May 5 Added Orbit Payload (OPAY) column to launch lists
GCAT 1.5.6 2024 Oct 13 Added Disposal Orbit columns to payload catalogs
GCAT 1.5.7 2024 Oct 18 Reordered payload catalog columns
GCAT 1.6.0 2025 Feb 14 Added new launch id key to object catalogs as common key for launch lists
GCAT 1.6.1 2025 Feb 15 Addded C class launch designations for unknown launches, see desig.html
GCAT 1.7.0 2025 Mar 18 Added new derived catalog for active sats as alternative to UCS list
GCAT 1.7.1 2025 Mar 30 Added new catalog of planetary surface landings and impacts, landercat
GCAT 1.7.2 2025 Apr 6 Support for setting satcat-no values for ’randomized’ GCAT-to-SATCAT mappings to NNA
GCAT 1.7.3 2025 Apr 16 Added new FailCode column to launch lists, and filled it in for orbital failures.
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Chapter I.1

I. Definitions and Conventions

I.1.1 Time Representations and Vague Date Format

I.1.1.1 Time Scales

All dates in GCAT are at least nominally in Coordinated Universal Time (UTC). Comparing launches and orbital
events occuring across the world requires a global timescale - local time zones are useless. UTC, like local times,
has the bad feature that it is not continuous - there are occasional leap seconds.

An even better choice of timescale would be a continuous one, such as TT, TDB or TCB. JPL Horizons data is
expressed in TDB, but most data in the space community is in UTC, and (at least for this release) I have relunctantly
decided to go with the crowd.

Nontechnical readers may be more familiar with UTC by the essentially equivalent name GMT (Greenwich
Mean Time). The US military tags time zones with the phonetic alphabet, with UTC/GMT as zone 24 known as Z
(Zulu) time.

Note, however that UTC is not a time zone per se - it is not restricted to a particular range of longitudes; and
of course, it never has daylight savings time.

I.1.1.2 Julian Date

We can express dates numerically using the Julian Date (JD). The JD day number is a continuous count of days
starting at noon UTC on BC 4713 Jan 1 Old Style/Julian calendar, which is noon UTC on BC 4714 Nov 24 New
Style/Gregorian calendar.

Times within a day are expressed as decimal days. Remember that the JD always starts at noon. For example,
0600 UTC on 2020 Aug 1 is JD 2459062.7500; 1800 UTC on 2020 Aug 1 is JD JD 2459063.2500.

Note that 12:00 UTC on Jan 1, 2000 is JD 2451545.0. This special epoch is the fundamental epoch of modern
astronomy, known as J2000.0 for short.

Estimated launch times of rockets are provided as JD values to make it easy to sort the data and carry out
computations. However, some launch times are uncertain - even only known to the nearest year or so. This uncertainty
is incorporated in a human-readable date field that uses what I call the Vague Date Format, defined in the next section.
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I.1.1.3 Vague Date Format

Dates in the General Catalog are usually recorded as strings in what I call the ’Vague Date’ format. A Vague Date
string defines a time range within which an event is believed to lie.

Many astronautical databases include dates which are actually approximate but are given as if they are precise.
For example, a rocket which is only known to have launched sometime in 1984 may be entered with a date of 1984
Jan 1 0000:00 as if it was known to the nearest second. This is particularly common if the date is stored as a single
real number (e.g. Julian Day value).

To fix this, every date field should actually be a pair of values - either two dates as a confidence interval or a
date and an uncertainty value. This adds storage, maintenance and I/O software overhead to the handling of dates.

As a compromise between this additional overhead and following the common practice of ignoring the
problem, the Vague Date string format translates to a time confidence interval with a particular precision. Amaximal-
precision Vague Date is of the form

2016 Jun 8 2359:57.345

which is interpreted as UTC in a geocenter-fixed frame, lying in the millisecond between 2359:57.3450 and
2359:57.3460 UTC. Note that there must be two spaces between ”Jun” and ”8” here.

We provide the ability to encode greater uncertainty by allowing rightmost fields to be omitted, and optionally
a question mark symbol to be appended.

In the General Catalog we only allow 1 second precision, so e.g.

2016 Jun 8 2359:57

The full specification of the format is as a series of fields increasing in precision from left to right, with a
possible question-mark suffix. The only mandatory field is the year, but if a field is present so must all the fields to
the left of it, except for the optional leftmost ’domain’ field.

The fields are:

• Domain, consisting of the string AD or BC. This is usually omitted and the value AD is assumed. Of course,
we don’t normally need BC for space events! But I use the same format for astronomy, where we do have
observations of supernovae and comets before 1 AD.

It’s true that nowadays academic historians would advocate using the ’common era’ designations CE and BCE
to avoid Christian associations, but, having grown up with BC and AD, I find this overly precious despite my
atheism - if you are going to worry about that, perhaps you should change the zero point (to the Space Era of
1957, for example).

• Year field.

This can be either:

– The (Gregorian) year, as an integer; or
– Acentury descriptor, format: integer followed by letter. The letter can be C orM for century ormillenium.
For example, 20C means between 1901 Jan 1 and 2001 Jan 1; M indicates a millenium; 3M means
between 2001 Jan 1 and 3001 Jan 1. Usually for astronautical applications we know the date more
accurately than a century!

• Month (generalized month), consisting of the (case sensitive) strings Jan, Feb, .... Dec, and the special
strings Q1, Q2, Q3, Q4 indicating the year-quarters Jan-Mar, Apr-Jun, Jul-Sep, Oct-Dec respectively.

• Day, an integer in the range 1, 31 always right justfied in a two byte field.

• Time, in one of three formats:
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• (1) Centiday: A day decimal fraction with one or two significant digits. This format was used by the RAE
table of Earth Satellites and related satellite tabulations.

• (2) Hour: A two-digit hour value with a trailing letter ’h’.

• (3) HMS: A time in the format hhmm:ss.sss (where trailing items can be omitted parsed as:

– The hour, 00 to 23 (leading zeroes required)
– Minute, 00 to 59 (leading zeroes required), appended to the hour value without any separator.
– Second, 00 to 60 (leading zeroes required), appended to the minutes with a colon separator. (Note that
during a UTC leap second, the second value may be 60).

– Millisecond, 000 to 999, appended to the seconds with a decimal point

• Schedule flag, an optional trailing ’s’ to indicate a scheduled date, where the actual time is not confirmed
(or has not happened yet).

• Flag, An optional trailing question mark to indicate uncertainty.

Here are a selection of valid Vague Date strings and their mapping to a date confidence interval.

Precision Vague Date Range implied (semi-open interval) Width
Millisec 2016 Jun 8 2355:57.345 2016 Jun 8 2355:57.345 to 57.346 1ms
Second 2016 Jun 8 2355:57 2016 Jun 8 2355:57.0 to 2355:58.0 1s
Seconds 2016 Jun 8 2355:57? 2016 Jun 8 2355:56.0 to 2355:59.0 3s
Minute 2016 Jun 8 2355 2016 Jun 8 2355:00 to 2356:00 1m
Minutes 2016 Jun 8 2355? 2016 Jun 8 2354:00 to 2357:00 3m
Centiday 2016 Jun 8.98 2016 Jun 8 2331:12 to Jun 8 2345:36 0.01d
Centidays 2016 Jun 8.98? 2016 Jun 8 2316:48 to Jun 9 0000:00 0.03d
Hour 2016 Jun 8 23h 2016 Jun 8 2300:00 to Jun 9 0000:00 1h
Hours 2016 Jun 8.9 2016 Jun 8 2136:00 to Jun 9 0000:00 2.4h
Day 2016 Jun 8 2016 Jun 8 0000 to 2016 Jun 9 0000 1d
Day (scheduled) 2016 Jun 8s 2016 Jun 8 0000 to 2016 Jun 9 0000 1d
Days 2016 Jun 8? 2016 Jun 7 0000 to 2016 Jun 10 0000 3d
Month 2016 Jun 2016 Jun 1 0000 to 2016 Jul 1 0000 1mo
Months 2016 Jun? 2016 May 1 0000 to 2016 Aug 1 0000 3mo
Quarter 2016 Q2 2016 Apr 1 0000 to 2016 Jul 1 0000 3mo
Quarters 2016 Q2? 2016 Jan 1 0000 to 2016 Oct 1 0000 9mo
Year 2016 2016 Jan 1 0000 to 2017 Jan 1 0000 1y
Years 2016? 2015 Jan 1 0000 to 2018 Jan 1 0000 3y
Decade 2010s 2010 Jan 1 0000 to 2020 Jan 1 0000 10y
Decades 2010s? 2000 Jan 1 0000 to 2030 Jan 1 0000 30y
Century 21C 2001 Jan 1 0000 to 2101 Jan 1 0000 100y
Centuries 21C? 1901 Jan 1 0000 to 2201 Jan 1 0000 300y
Millenium 3M 2001 Jan 1 0000 to 3001 Jan 1 0000 1000y
Millenia 3M? 1001 Jan 1 0000 to 4001 Jan 1 0000 3000y

Some additional special values:

Unknown ? Date entirely unknown
Current * Now (for an end date, indicating still active, etc.)

I.1.2 Space and Orbit

I.1.2.1 Where Does Space Begin? 80 km!

In GCAT, I have lists of objects in space as well as some list of objects in the atmosphere. Where does space begin,
though? How do we define it? I have written extensively about this question, and the answer (at least for GCAT) is
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that space begins at 80 km above the geoid. See my paper on the subject: (See McDowell (2018), Acta Astronautica
151, 668)

The paper also discusses the EL1:4 boundary that I use to mark the start of deep space, which lies at 152066
km from the Earth’s center.

I.1.2.2 Orbit

Being in space is not at all the same thing as being in orbit. At least, in the sense of a closed (elliptical or circular)
orbit that does not intersect the Earth.

To be strict, though, there are several senses of the word orbit. In its broadest sense, an orbit is any trajectory
of an object in the local gravitational field. If you stand on the Earth and throw a ball in the air (or make an apple
fall from a tree) its path (neglecting aerodynamic effects) is not, as you were taught in school, a parabola. It is in
fact a very eccentric ellipse with the perigee extremely close to the center of the Earth. The ball will complete a very
small part of this orbit before the surface of the Earth gets in its way. In this sense, ‘suborbital’ rockets are in fact
just orbital rockets with negative perigee height.

Because even many people in the space field don’t appreciate this, it’s worth doing the worked example.
Suppose we throw a ball at a 45 degree angle and a moderate speed of 50 km/hr (13.9 m/s); let us assume we are in
Harvard Square (42.4 deg N) and throw the ball due eastwards. The resulting orbit is -6371.8 x -10.0 km x 42.4 deg,
an eccentricty of 0.998. (As noted in the section on apogees and perigees, we quote the heights relative to a fictitious
6378 km spherical Earth, and due to oblateness Harvard Square is 10 km below the zero surface.)

At the other extreme, an orbit around the Earth can also be hyperbolic, with eccentricity greater than 1. When
a rocket reaches escape velocity, many writers say ‘it is now in solar orbit’. From the point of view of calculating
its trajectory in an N-body solar system simulator that’s not the right way to think about it. The object is travelling
away from Earth very fast, but it’s still deep in the terrestrial gravity well, far below the geostationary satellites, and
the differential effects of the Sun’s gravity are negligible. Only several days later does the object reach the edge of
the Sun-Earth Hill sphere where it is a better approximation to model it as orbiting the Sun. Until then, I consider it
to be in Earth orbit, albeit an unbound one on an escape trajectory.

Different categories of orbit (LEO, GEO etc) are noted in the catalogs and defined in (See the Orbital
Categories ) section.

I.1.3 Orbital Parameters and Coordinate Frames

I.1.3.1 Perigee and Apogee

The perigee and apogee are respectively the closest and furthers points of the orbit from the Earth’s surface. This
apparently simple definition has some complications.

In the strictest meaning of the words, the perigee and apogee are points in an elliptical orbit at which the
orbiting object has the smallest and largest radius vectors respectively. They lie at opposite ends of the semi-major
axis of the ellipse.

We often refer to the perigee and apogee heights; i.e. the height of the perigee and apogee points above the
planetary surface. Loosely, we drop the word ‘height’ and refer to these values simply as the perigee and apogee.

But complications arise when you start thinking about the fact that the Earth is not actually a sphere, but (to a
much better approximation) an oblate spheroid - its cross-section is also an ellipse. Depending on the orientation of
the orbit, the two ellipses are misaligned. In the figure below, a satellite orbit in red is drawn around an exaggerated
Earth in blue. In this case, the smallest height of the orbit around the spheroid Earth is not necessarily the height of
the perigee point P. In fact in the example shown, the point of smallest height is about 40 degrees further around the
orbit.
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Worse yet, the flattening of the Earth means that the orbit is not actually an ellipse. The instantaneous
(‘osculating’) orbital parameters change with time as you go round the orbit, so the true perigee and apogee are
different from ones obtained from time-averaged ‘mean elements’.

It is conventional in space situational awareness contexts to quote perigee and apogee heights relative
to a fictitious perfectly spherical Earth with radius equal to the equatorial radius. There are a lot of reasons that
this makes good sense, but the reader should remember that the actual height above the Earth may be considerably
higher if the perigee is over the polar regions.

I.1.3.2 The Friends of Perigee and Apogee

The ‘gee’ in apogee and perigee is from the Greek word for the Earth. For orbits around other bodies, special names
are in use. Most of these are falling out of favour and are being replaced by the terms periapsis and apoapsis, referring
to the ‘apsis’ (plural, apsides), the generic name for the extreme points in the orbit. There are several terms used for
selenocentric orbits. I list terms that I’ve seen in relatively recent use; there are many others. I’m torn between the
poetry of them and the fact that they are totally unnecessary.
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Central body Terms Plural
Still in use

Earth perigee, apogee -gees
Sun perihelion, aphelion -helia
Moon perilune, apolune -lunes
Moon periselene, aposelene -selenes?
Mars periares, apoares -ares
Jupiter perijove, apojove -joves
Star periastron, apoastron -astrons
Galaxy perigalacticon, apogalacticon -icones? (not used)

Probably obsolescent
Moon pericynthion, apocynthion -cynthia
Venus pericytherion, apocytherion
Saturn perikrone, apokrone
Black hole peribothron, apobothron -bothroi

I.1.3.3 Coordinate Frames and Units

The orbital inclination (and the node and argument of perigee, which are not given in this release of GCAT) depends
on the equator and pole of your coordinate frame.

In GCAT, angles are always expressed in degrees and distances are usually in km (but see below for
heliocentric orbits).

• Earth orbits are given with respect to the equator of date (strictly, TEME equator). Note that astronomical
positions are often givenwith respect to the (inertially fixed) ICRF frame. The Earth wobbles due to precession,
so the equator of date changes with time relative to the ICRF. Distances are always given in km.

• Heliocentric orbits are given with respect to the J2000 ecliptic. Distances (aphelion and perihelion) are given
in astronomical units (AU). 1 AU = 149597870.700 km.

• Orbits around other central bodies (Moon, Mars, etc.) are given with respect to the IAU equator of that body.
Where no IAU equator is yet defined in JPL Horizons, the ecliptic is used instead. Distances are given in km.

I.1.4 JCAT Identifiers

The General Catalog (GCAT) uses an alphanumeric identifier (JCAT, originally Jonathan’s Catalog ID) to uniquely
tag space objects. The identifier consists of a single prefix letter followed by a sequence number with either 5 or 9
digits (examples: A00022; S101234009). The 9 digit case is not yet in use, but is supported in anticipation of the
introduction of 9-digit SATCAT numbers by the US DoD.

The leading letter tells you which object catalog the object belongs to, as follows:
JCAT letter Catalog
A auxcat (Auxiliary catalog)
C csocat (Complementary catalog)
D deepcat (Deep space catalog)
F ftocat (Failed to orbit catalog)
L lcat (low altitude catalog)
R rcat (suborbital catalog)
S stdcat (Standard catalog)
T tmpcat (Temporary catalog)

Note that there are no prefix letters associated with the ecat (event catalog), or the heliocentric and lunar-
planetary registers, since they contain only objects already defined in the other catalogs.
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Also, each object with a D (deep space catalog) designation also has an S or A catalog designation which
applies when the object is within near-Earth space.

Sequence numbers in the A, D, F, L, R, and S catalogs are assigned sequentially starting with 00001. However,
occasional numbers may be missing due to deletions of spurious or reassigned entries.

Sequence numbers in the C and T catalogs are not assigned sequentially.

Sequence numbers in the S catalog are in one-to-one correspondence with the US SATCAT catalog numbers.
Thus, S46112 corresponds to SATCAT satellite 46112 (2020-056A).

In exceptional cases, future releases of GCAT may reassign existing catalog numbers. Any such reassign-
ments will be recorded explicitly in an accompanying table. However, users who have found earlier (pre-GCAT)
JCAT catalog numbers that crept into my public files have no such guarantee - in partcular, auxcat numbers previously
seen in public files may now refer to different objects.

I.1.4.1 Extended JCAT identifier

The Parent field of the object catalogs supports what I call an ‘extended JCAT ID’. This consists of a JCAT ID and a
port location separated by one or more spaces. The port location defines a specific part of the parent object where
the object is attached. It’s usually only space station modules or spaceships that have port locations.

Examples of port locations are:

• Docking ports, e.g. A07305 N, Harmony nadir CBM

• JEM Exposed Facility EFU locations, e.g. A07559 EFU5

• ISS truss battery ORU locations, e.g. A07476 1B3

For the time being, there’s no formal definition table of these port locations.

In some cases in the object catalog Parent field an asterisk is appended to the identifier. This is a flag that
the launch designation in the Piece field is not what you’d expect from the launch designation of the parent. In the
normal situation, for example, S45920 has Piece designation 2020-048A, and its parent S45921 has 2020-048B -
both are 2020-048 launch pieces. But S45916 has Piece designation 1998-067RP, and its parent is A09547* with
piece designation 2020-011, an apparent contradiction. In fact 2020-011 is the correct launch for both, with launch
date 2020 Feb 15, but USSF assigns 1998-067 piece designations and a 1998 launch date for all objects released form
the ISS. I added the asterisks to facilitate automatic checking: it lets you know to be careful about the launch date
and launch information for this object.

I.1.5 Launch Designations and Piece Designations

Each rocket launch in the database is labelled with a unique designation. For successful orbital launches, we use
the International Designation (also called the COSPAR designation, after the Committee on Space Research which
adopted the system.) For other launches, I use a variation on that scheme of my own design. I introduce the gener-
alized concept of ‘launch designation’ to include the International/COSPAR designation and other similar schemes.
The term ‘piece designation’ is also introduced to generalize the per-piece (per-cataloged-object) international des-
ignation.

Note that for catalog pieces in the SATCAT, the launch encoded in the international designation is not always
the actual launch. In particular, all objects deployed from the ISS are give 1998-067 designations (the Zarya launch)
even if they were launched on a much later cargo ship. However, the correct launch for an object can be found in the
object catalogs by tracing back the Parent fields to the launch vehicle.
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I.1.5.1 The COSPAR designation

The COSPAR designation scheme applies to both launches and to cataloged orbiting objects. It has been in use since
January 1963.

For launches, the scheme is of the form ’year - launch number in year’. For example, 2005-012 indicates the
12th launch to reach orbit in the year 2005.

For individual objects, a ‘piece designation’ is used, with a sequence of letters appended to the launch
designation; 2005-012E is the fifth (E) piece associated with that launch. The piece letters run from A to Z, then AA
to AZ, BA ... to ZZ, AAA to AAZ, etc., always omitting the letters I and O. Usually, the first piece letters are reserved
for the main payloads, followed by the rocket stages, followed by debris. However, there are frequent exceptions to
this rule.

You can think of the piece letter scheme as a base 24 number. The largest number of pieces assigned to a
launch as of 2020 is for 1999-025; object 1999-025EYS is the 3449th piece from the launch (5 x 24 x 24 + 23 x 24
+ 17 = 3449 ). The mapping of piece number to piece letter for the first 72 objects of a launch is given in the figure
below for convenience.

Usually the launch numbers are in chronological order within the year. There are, nevertheless, rare exceptions
to this rule.

In principle, international designations are assigned to launches and pieces of launches which either complete
a full orbit of the Earth or reach the Moon or beyond. Again, there are exceptions - launches which completed an
orbit but did not get a designation, and launches or pieces which did not complete an orbit but got a designation
anyway.

It is currently conventional to use three digits for the launch number, including leading zeros; e.g. 2020-005A.
However, this is not part of the definition of the designation; e.g. 2020-05A is also a valid use and means the same
thing.
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As a special case, launch number 000 of the year is used for cataloged objects whose parent launch is unknown.
This special case has been used very rarely and most of the relevant cases have since been identified with known
launches and given revised designations. I tabulate all such cases here.

US Satcat Number Original designation Current designation Notes
S02428 1966-000A 1965-058D
S02429 1966-000B 1963-014DG
S02430 1966-000C 1963-014DH
S02431 1966-000D 1963-014AC
S04924 1971-000A 1962 B LAM 2 (1962-059B)
S04925 1971-000B 1964-086B
S04926 1971-000C 1964-086C
S05309 1971-000D 1965-108H
S05310 1971-000E maybe should be 1971-039D?
S40328 2014-000A 1982-029P

I.1.5.2 The Harvard designation

The first scheme for designating orbital launches was the Harvard scheme, invented by Fred Whipple and colleagues
in 1957 and published in the Harvard Announcement Circulars from the Harvard Observatory. This was of the form
”year - greek letter - piece number”, as in 1957α2, indicating the second object of the first (Alpha) launch of 1957.

This system was used for launches until the end of 1962, and the last launch to use the scheme was 1962βω.
which had two pieces, 1962βω1 and 1962βω2.

However, in later years when new debris objects were discovered from those launches, NORAD (acting on
behalf of COSPAR) also designated them using the Harvard scheme. For example, in 1992 a new debris object from
the Ablestar 008 breakup was cataloged as NORAD number 21986 and given international designation 1961o300
(1961 Omicron 300) using the Harvard scheme.

Designation of new objects had at some point been delegated to NORAD by COSPAR. However, it’s not
entirely clear that control of the scheme itself was designated. Thus, when in the late 1990s NORAD retrospectively
reassigned all Harvard designations using the post-1963 scheme, it’s not clear that was really a legitimate thing to
do. From the point of view of historical consistency, I prefer to retain original designations rather than reassign them.
Thus, although the US DoD now refers to object 21986 as 1961-015MM, I still use its original designation.

In most of my database files I map the Greek letters to an ASCII representation (mostly because I started
this project long before Unicode was a thing). The representation used is indicated in the following table as ‘Code’.
‘Order’ is the numerical order of launch (and the launch number in the new COSPAR scheme). I also provide the
full English names of the Greek sequences, since the Greek alphabet may be less familiar to 21st-century readers.
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I.1.5.3 JSR scheme

In the data files associated with my newsletter Jonathan’s Space Report (JSR), I introduced a new designation scheme
for launches not covered by the existing international designations.

You can call this the ”JSR” scheme or even the ”NewHarvard” scheme (technically I work for the Smithsonian
Institution’s SAO, and I’m doing this on my own time, but to the extent that I’m on the Harvard campus and
support space-related outreach inquiries for the Harvard-Smithsonian Center for Astrophysics, and recalling that
Fred’s satellite support team was an SAO program too, it’s good enough.)

The only other comprehensive scheme for suborbital launch designations that I am aware of was from
the World Data Center for Rockets and Satellites-A (WDC/RS-A) at NASA-Goddard. They assigned numbers to
sounding rockets using a scheme of the form Ryymm-ddnn - example, R7402-1311 for the 11th cataloged launch on
1974 Feb 13. They only covered scientific sounding rockets (not, e.g., missile launches or failed orbital launches). I
considered retaining these designations but instead have found it more useful to use a scheme similar to international
designations for orbital launches.

My scheme is similar to the current international designation except that a ‘class letter’ is added following
the hyphen. The letter used indicates the type of launch, as described below. For example, the class letter F denotes
a failed orbital launch attempt and the designation 2005-F03 indicates the third failed attempt in the year 2005.

Since the non-orbital catalog is incomplete, and I often identify previously undocumented historical launches,
there are many more cases of launch numbers that are not chronological. Thus, 1961-S227 may have a launch date
later than 1961-S511. Ordering within a year is therefore essentially arbitrary (although I start off *trying* to make
it chronological).

Another wrinkle is that launches can change designation. If I’ve got documentation on a Nike Apache launch
with no information on apogee, I may assume it worked and give it an S designation. If I later find it failed at low
altitude, I will retire the S designation and assign a new A designation. I’ve been rather cavalier about this until now,
but hope to be better in future about recording such changes explicitly.

Note that the JSR scheme is only for launches - there is no equivalent of the ‘piece letter’, at least for now. For
space catalog objects from such launches, my practice is to use the launch designation in the ‘piece designation’ field.
Thus, all objects from launch 2005-F03 have JSR designation 2005-F03, rather than being 2005-F03A, 2005-F03B,
etc.
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The categories used are presented in the following table:

Class Letter Launches Criteria
(none) Orbital launch with COSPAR designation.
A Endoatmospheric flight apogee less than 50 km.
C Not a launch - Used for groups of objects whose launch is unknown, like some ISS cargo
E Pad explosion rocket blew up, apogee in controlled flight less than a few cm
F Failed orbital launch attempt
M Mesospheric flight apogee between 50 and 80 km
S Suborbital space launch apogee more than 80 km
U Uncataloged orbital-energy launch See below.
W Mesospheric flight same as M, obsolete
Y Suborbital space launch same as S, obsolete

Orbital launch failures (class F) also satisfy the criteria for either A, M or S classes, but differ in that the intent
was to achieve orbit. (F overrides A, M or S; but U overrides F.)

Some small meteorological rocket launches have W and Y class letters. I have discontinued assigning new
launch designations in these classes, and the existing ones should be treated as if they were in classes M and S
respectively.

I use ’U’ to indicate a launch that should have received a regular designation but did not (e.g. 1995-U01). I
also use it for a small set of interesting launches which had total energy (kinetic + potential) equal or greater than
that needed for low Earth orbit with positive perigee. This includes some low-perigee orbital attempts that reentered
within one orbit and some high speed reentry tests.

Launches from worlds other than the Earth are given ’U’ designations and marked as ’LO’ (liftoff) in the
event catalog status. Departures from rocks (objects that are not large enough to be round due to self-gravity, working
definition: objects with radius less than 200 km) are also marked as ’LO’ but are not given launch designations; they
are considered to be a new phase in the existing launch.

I.1.5.4 Unknown objects

Sometimes we have to deal with objects of unknown origin - they cannot be assocated with a launch. A few have
entries in the official US catalog with a year assigned with launch number zero; designations like 1966-00C, for
example. For objects not in the US catalog, I use the special designation ’UNK’.

I.1.6 SatType scheme

Associated with each object in the General Catalog is a 12 byte SatType string that provides a classification of the
object. Each byte in the string has a set of defined meanings. (As of late 2022, byte 12 is unused). The SatType data
in principle allows one to select subsets of certain kinds of object.

The SatType string can be found in the table column called simply ‘Type’.

For each object, the SatType string in the entry for the first phase for that object applies to the whole history
of the object. If the type is different in a later phase, that’s probably a data entry error.

The byte layout is as follows:
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Byte Contents
Byte 1 Coarse Type (payload, rocket, debris)
Byte 2 Type modifier
Byte 3 Attach flag
Byte 4 Subtype
Byte 5 Orbit flag
Byte 6 Human spaceflight subset
Byte 7 UN registration flag
Byte 8 Failure flag
Byte 9 Uncertain ID flag
Byte 10 Annotation flag
Byte 11 Group control flag
Byte 12: Not yet used

In each byte, an empty (null) value is represented by blank or dash (the dash is used to help me visually line
up the elds during data entry).

I.1.6.1 Byte 1 (Coarse type)

The coarse type allows us to divide the catalog into payloads, rocket stages, and debris. We consider two kinds of
debris: components, which are subsystems of the parent object, usually but not necessarily designed to separate,
and fragmentation debris, pieces resulting from an object breakup (propellant explosion, weapons test, self-destruct,
collision, insulation blanket separation).

Value Meaning
P Payload (for orbital attempt)
C Component
R Launch vehicle stage
D Fragmentation debris
S Suborbital payload (e.g. sounding rocket payload or

missile reentry vehicle)
X Catalog entry that has been deleted (used in auxcat etc.)
Z Spurious catalog entry (was in SATCAT, perhaps in

TLEs, but there was no real object)

I.1.6.2 Byte 2 (Type modifier)

The Byte 2 entries modify the Byte 1 entries (and are not independent of them). Here I tabulate the combined byte
1/2 values and their meanings. (cases where byte 2 is blank are not listed).

Byte 1-2 Value Meaning
PA Alias entry.
PH Spaceship with humans aboard at launch.
SH Spaceship with humans aboard at launch (suborbital).
SX Suborbital, special cases not currently further defined
PP or CP or SP Spaceship with pressurized cabin, but without humans

at launch.
PX: Not in standard list of satellites.
R1 to R5 Stage number for launch vehicle stage.
CC Cargo placeholder for mass accounting.
CX Component not to be included in certain standard lists
CD Deployer for separately integrated payload

PA: The A (alias) modifier is used for special records representing a phase where the satellite is leased
temporarily or jointly owned. This phase type is special in that its time period overlaps another phase. An example
is object S23779 (Palapa C1, renamed HGS-3 in Nov 2000) From Dec 2000 to Jan 2003 its capacity was leased to
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Turk Telecom which called it Anatolia 1. The HGS-3 entry is tagged with SatFlag equal to P (standard payload)
while the Anatolia 1 entry covering an overlapping time period is tagged with SatFlag equal to PA to denote that it’s
a secondary or alias entry that may be ignored.

PP: The P modifier is used for spaceship test flights without crews, pressurized sections of cargo ships, and
space station modules.

PX: The X modifier is used to denote ‘non-standard payloads’. What is a payload and what is just a
component? I take a broader view of ‘payload’ than most satellite lists do. Some examples of ‘PX’ types:

• Small passive calibration satellites. Some (e.g. the NRL Calspheres) are included as payloads in standard lists,
but others (the ESO test objects released from Soviet Romb payloads) are not - they are given the X modifier.
West Ford dipole clumps, however, are counted as components (C).

• Attached payloads. There is a subtle (and perhaps false) distinction between multiple experiments in a single
spacecraft and multiple spacecraft permanently attached to each other. Agena spacecraft have a main payload
attached to the front end of the rocket and small secondary payloads attached to the back end, integrated
separately. I treat these as separate payloads with separate entries, and label the secondary ones with the X
modifier.

• Recovery capsules. CORONA missions ejected film capsules with deorbit motors. For the brief moments
when they were orbiting the Earth separately I consider them to be payloads.

• There are a few other cases, such as the E-8-5 Luna ascent vehicles and the LRVs.

CC is used for ‘down cargo’ for space stations returned to Earth or destroyed in cargo ship reentry. Note that
we usually don’t know the launch date of ‘down cargo’.

The D modifier (CD) is used for separately integrated deployers. The D flag has been added to reflect the
emergence of intermediary companies like Nanoracks and Spaceflight which sit between the payload owner and the
launch provider and manage the integration of customer payloads Note that byte 4 has a V value for ’deployer/clamp
band’ which is more general and does not imply a separate integration - it includes things like the CRRES canisters
or the Shuttle PAM-D ASE. (Well, it’s an interesting question whether those count as equivalent to a Nanoracks
deployer, but I think the hardware and integration were done by NASA - I could be wrong.)

Objects with a D flag in byte 2 are usually not separate satellites but attached to a parent object (e.g. launch
vehicle stage). They are therefore usually in the A (auxiliary) catalog.

I.1.6.3 Byte 3 (Attach flag)

This flag describes why this object is attached to its parent object:

Byte 3 Value Meaning
A Permanently attached component or payload
F Stuck attached by mistake
S Expected to separate in future
T Never flew free but transferred
I Internal

F indicates that the object was intended to separate but failed to do so. S denotes that the object is expected
to separate at a later date. T is mostly used for hardware that is transferred from the exterior of one object to another
during a spacewalk or using robotic arms.

I is used for entries representing hardware that remains internal to one or more host spacecraft, possibly being
transferred between them. Entries of this sort that I keep track of include EVA spacesuits not actually used on an EVA;
cubesat dispensers used on ISS; and special entries used to domass accounting of upward and downward space station
cargo. In the future I’m considered adding entries for human space travellers, who would also be internal (either to
a spaceship or a spacesuit).
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I.1.6.4 Byte 4 (subtype flag)

This byte is used to categorize objects more finely than the byte 1-2 specification. It is useful for gathering statistics
about different kinds of debris. Each value is usually only used with a subset of possible byte 1 values as listed below
(however, these restrictions are not absolute).

Value Meaning Allowed B1 values
A Payload adapter (e.g. SYLDA)., support structures,

interfaces
C

B Battery explosion debris D
C Passive calibration satellites, test objects or chaff P, C
D Dummy satellite P
E Spacesuit on tethered spacewalk P (PX)
F Fairings and other covers C
G General, miscellaneous debris C, D
H Human spaceflight related P,C
I Impact (accidental collision) D
J Anomalous debris (insulation, soft material, ablated

material)
C, D

K Possible solid motor slag D
L Separated from vehicle after landing (rovers, etc) P, C
M Jettisoned motor or tank C
N Nuclear reactor core or coolant blob C, D
O Unknown debris released at orbit insertion
P Propulsion related, residual-propellant breakup D
Q Aerodynamic breakup at low perigee D
R Reentry vehicle P
S Subsatellite or subpayload P
T Ejected section of payload C
U Untethered EVA P (PX)
V Ejection mechanism (deploy canister, clamp band) C
W Weapons test, ASAT debris D
X Debris of unknown nature C, D
Y Despin (yo-yo) device C
Z Breakup debris from on-board destruct device D

Note that code K used to be used for interstages but that meaning has now been merged with code A.

I.1.6.5 Byte 5 (orbit flag)

This flag is used to note special cases related to the object’s trajectory. The flag is blank for normal SATCAT entries
except for the deep space ones.
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Value meaning
D Deep Space or escape
E Destroyed in pad explosion
F Failed to reach orbit
L Active on planet surface during this phase
M Missing from SATCAT by mistake (EXPRESS, IXV)
O Orbital-Energy but Non-Orbit
P Partial orbit - reached legit orbit but deorbited after less

than 1 rev
R Reentry orbit: objects that were attached and separated

in post-deorbit-burn suborbital trajectory
S Near-Orbit (marginally suborbital)
T Transient orbit - separated just (perhaps seconds) be-

fore deorbit
V Escape energy but not deep space
X Extra catalog entry for extraterrestrially launched ob-

ject
Z Launch from extraterrestrial object, recataloged with

new D series number.

I.1.6.6 Byte 6 (human spaceflight/special group flag)

This flag is present to support easily identifying all objects in the given categories, such as all satellite deployments
from ISS. As such it serves a somewhat different purpose from the byte 2 values. At the moment I’ve only filled in
values for space stations and Shuttle. ‘Station’ refers to any space station, or indeed any composite space object.

Value meaning
I Station program, general
C Station major non-module component
D Station deployable subsatellite
E Station EVA related equipment
G Pseudo-entry used for station generic cargo mass ac-

counting
M Station module
S Space Shuttle program or Shuttle payload or compo-

nent
T Piece of visiting vehicle
U Visiting vehicle or rocket stage deployed satellite
V Station visiting vehicle

I.1.6.7 Byte 7 (UN registration flag)

This flag notes issues with UN registration for objects that are not standard payloads. Standard payloads (Byte 1-2
= P) should be registered, and the presence of a UNReg entry in the corresponding payload catalog tells you if they
are or not (as of the last time I checked the UN site, at least). Non-standard payloads (Byte 1-2 = PX, see the byte
2 discussion) are more complicated. I have attempted to decide whether standard practice implies they should have
been registered based on comparison with similar payloads.

Value Meaning
U Is, or should be, UN registered even though not a

standard payload.
X Was UN registered but should not have been.

For example, object A06499, the Canadarm-2 on the ISS, is not a standard payload and has no SATCAT entry.
Nevertheless it was registered with the UN. A05668 Fasat-Alfa was a satellite that failed to separate from its parent
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satellite. It doesn’t have a separate SATCAT number from its parent S23657 Sich-1, so it is a ‘PX’ nonstandard
payload; but it was registered by Chile, while Sich-1 was registered by Ukraine. Byte 7 is set to U.

Object A05597 EXPRESS completed several orbits of the Earth. It is a ‘PX’ nonstandard payload because
the US tracking system failed to catch it, and it doesn’t have a SATCAT number. Nevertheless Germany should have
registered it with the UN and did not. Byte 7 is set to U.

On the other hand, A06874 Celestis-04 Error was registered with the UN but should not have been, since it
was removed from the rocket before launch and never got to space. Byte 7 is set to X.

Object A07634 ELC-1 is a logistics carrier launched on the Shuttle and later attached to the ISS. Although the
US has usually registered ISS pressurized modules, other similar minor ISS components (such as the other ELCs and
the major truss segments) have not been registered, so for consistency ELC-1 shouldn’t have been registered either.
Byte 7 is set to X.

I.1.6.8 Byte 8 (Failure flag/Constellation status flag)

An asterisk in this field records which rocket stage was to blame in an orbital launch failure. An asterisk in byte 8
says that this object was, broadly speaking, the culprit.

For a debris object, a numeric value in this field (1,2, etc) groups objects in a particular debris cloud for a
launch which has multiple associated debris events. (I have only used this a few times.)

Other values indicate different kinds of payload failure (or success) and have been added to support analysis
of the Starlink constellation.

Value Meaning
* This object was the one that failed during launch.
A Satellite ascending: orbit raising to op orbit (or lower-

ing from high drift orbit)
D Satellite in plane drift orbit
F Satellite failed early in mission, before reaching oper-

ational orbit (”screened”)
G Satellite retired to a graveyard orbit of some kind
L Satellite removed far from operational constellation by

lowering or raising orbit
M Satellite failed in operational orbit and is undergoing

uncontrolled decay - non manueverable
O Satellite is active in operational orbit
R Satellite reentered after active orbit lowering
S Satellite was used for special tests outside of main

constellation
T Satellite removed slighly (and possibly temporarily)

from operational constellation by lowering or raising
orbit a little

U Satellite apparently malfunctioning, held in intermedi-
ate orbit for debugging?

I.1.6.9 Byte 9 (ID flag)

This flag notes problems with the identification of the object.
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Value Meaning
? The association of this satellite with this catalog num-

ber is a guess because JSpOC has not yet assigned a
name. ID may change in future.

+ Starlink filing with FCC reports this satellite is out of
service but could still maneuver, at the time of filing.
Starlink filing with FCC reports this satellite is out of
service and can not maneuver.

m Multiple objects. This entry is a placeholder for a
known debris event where no debris has yet been cata-
loged by DoD.

C US government orbital data for this object are secret.
c Older US government orbital data for this object were

secret, but current data is public.
U This object is a cargo item on ISS (or other station) and

has been assigned to a likely cargo launch but the actual
launch for this object is not known.

D This object is a cargo item on ISS (or other station).
The return date is uncertain and I’ve made a guess at
which ship it went down on.

X We don’t know which launch this object is from, so the
launch date is unknown (and other parameters may also
be unknown).

s Disagreement between TLE and SupTLE data (true for
S45139)

I.1.6.10 Byte 10 (Annotation flag)

This byte is used to control display options in certain software associated with the database. It should be ignored by
other software.

At present, possible values of this byte are r,g,b,c,m,y,k indicating colors chosen for data associated with the
specific satellite in automated plots, e.g. of altitude vs time.

I.1.6.11 Byte 11 (Group control flag)

This byte is used to include or exclude objects from the debris clouds in the debris cloud catalog.

Value Meaning
+ Object included in debris cloud analysis
- Debris object not counted as part of debris cloud

I.1.7 Phases and Status Values

Each entry in the General Catalog represents a time period or phase in the flight history of an object. The !b status
value describes the status of the object at the end of the phase. Typical values of the status are ’O’ (still in orbit) and
’R’ (reentered). But it can get a lot more complicated.
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I.1.7.1 Phases

Each time an object transitions to another state (undocks, is attached to something, reenters, changes which body it is
orbiting, etc.) marks the beginning or end of a phase. Most objects in GCAT have only a single phase - they separate
from an object (launch vehicle) and then are either still in free flight or have reentered. However, some objects go
through many phases.

The phase is defined by a set of fields in the object catalog entry.

Field Symbol Format Description
Parent P EJCAT/Body the parent can be an extended JCAT ID (EJ-

CAT) or a body name.
SDate t1 VagueDate the phase start time. This can be the time the

object separated from the parent EJCAT or
the time the object departed the parent body’s
gravitational sphere of influence (SOI)

Primary C Body the name of the central body for this phase
DDate t2 VagueDate the phase end time
Status S Phase Status Code a code describing the event that ends the phase
Dest D Location/Body/JCAT ‘destination’, a string whose definition de-

pends on the Status value. It can be empty,
a Location, a body, or a JCAT.

Also relevant is te, the orbit epoch ODate, mentioned in a few cases below.

The symbols in the table above are used in the discussion below for conciseness.
A location can be expressed as a string (uncontrolled text, e.g. ’W Atlantic’) or as longitude/latitude

coordinates (e.g. 74W 22S). The Dest field may be blank if reentry location is unknown.

The different kinds of phases are defined by the Status field. They are given in a somewhat arbitrary order that
makes sense to me, and grouped by what kind of Dest field is used. The state of an object includes its ‘externality’
- is it free, attached to a parent object externally, or is it inside its parent object. This externality is also described in
the following table defining the different Status codes. The table assumes (in the interpretation of t1 and t2) that P is
a EJCAT rather than a body. If P is a body then t1 represents the time the object went from P’s SOI to C’s SOI; if D
is a body then t2 represents the time the object went from C’s SOI to D’s SOI.

(Added 2021 Oct:) For cases where a vehicle is reused in a new launch (e.g. Space Shuttle Orbiter), the
REFLT status is used to connect the objects. For example, the Space Shuttle OV-102 Columbia flew on mission STS-
1 as orbital launch 1981-034, catalog S12399, piece designation 1981-034A. When it flew again on STS-2, NORAD
gave it a new launch number 1981-111, catalog number S12953, and piece designation 1981-111A. Understandably
the NORAD (now Space Force) tracking system cannot know from tracking data that the objects are the same vehicle
- but historians do. I add an extra phase to S12399 (STS-1) after the landing, with zero duration, status REFLT, and
dest equal to S12953, to signal that S12399 later got relaunched as S12953. Note that only a few entries of this kind
have been added at the time of this writing.

I acknowledge that there is a bit of a ‘ship of Theseus’ problem here: is the orbiter that flew on STS-93 really
the ‘same object’ as the one that flew STS-1?

The case of re-launches from other worlds is slightly different, in that Space Force does NOT assign a new
catalog number, but I do - when the launch is from a world, not a small rock. For Apollo 11, three objects get new
catalog numbers: the LM 5 Eagle ascent stage and the two EVA suits. EVA suit A7L-056 was given auxiliary catalog
A01625 for its launch from Earth (launch designation 1969-059). On reaching deep space aboard Eagle it is given
designation D00265. The last A01625 phase has status DSA with dest D00265 to tie the two together. The suit
retains its D00265 designation through the lunar surface EVAs. Then it has a phase with the REFLT tag reassigning
it to a new catalog number D01053 associated with a new launch, 1969-U01, corresponding to the launch of Eagle
from the lunar surface. This follows the spirit of what NORAD did with STS-1 - when relaunching the same thing it
gets new launch designations and catalog numbers - even though NORAD does not actually do this when the launch
is not from Earth. Suit A7L-056 retains the new D01053 catalog number and 1969-U01 launch designation through
its landing in the Pacific aboard D00273/1969-059A Columbia.
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For the actual extraterrestrial re-launching itself, I retain the ‘LO’ status tag used previously but add a dest
value. ‘LO’ should now be considered as equivalent to REFLT for such cases. Thus, for Eagle’s ascent stage we
have: launched fromEarth as 1969-059C, catalog S04041. Reached deep space and reassigned as 1969-059C, catalog
D00274, via a DSA status tag to connect the catalog numbers. Relaunched from the Moon as new launch 1969-U01,
catalog D01052. The final D00274 phase has status LO with dest D01052 to connect it to the new catalog number.

For ‘launches’ (departures) from low gravity objects that I don’t count as worlds, I don’t give new launch
designations. I think of it more like an undocking in such cases! In these cases, the LO status tag does not have a
new catalog number in the Dest field.

In earlier versions of the catalog, I did not distinguish between planetary flybys and orbital missions. Both
used the ’EO’ take for a swich of sphere of influence. For an orbital mission, however, the phase within the planetary
sphere of influence includes three sub-phases: hyperbolic approach from sphere of influence to orbit insertion,
elliptical bound orbit phase, and (hyperbolic) departure from orbit escape to sphere of influence (or to impact/landing).

In versions prior to 1.4, suborbital objects were given status ’R’. However their reentry, although it doesn’t
involve a deorbit burn, is at a predictable time and targeted location, which is importantly different from uncontrolled
reentries of orbital objects. The new status value ’S’ is now used for suborbital targeted reentries and also (a bit more
questionably) for launch failures. The ’LF’ code for failed landing has not been used generally - some ’D’ should
really be ’LF’.
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Status value Description Interpretation Externality
Cases with t2 and Dest both empty

O In orbit Sep from P at t1, still in free flight Free
AO Attached in orbit Attached to P from t1 to present External
AO IN Attached inside Inside P from t1 to present Internal
UDK Undocked Docked to P from t1 to t2, sep from P at t2 External to free
REL Released Attached to P from t1 to t2, sep from P at t2 External to free
DEP Deployed Same as REL but for objects on planetary surface External to free
TO Takeoff Launch from C surface (C is a small body, not a world) Free
TOA (was ALO) Attached at takeoff Attached to P from t1 to t2 including at launch from C

surface.
External

OX In orbit (probably) but lost As O, but no recent tracking data Free
Dest is always blank but t2 is not

E Exploded Sep from P at t1, free in orbit until breakup at t2. Next
phase of this object is a debris fragment.

Free

N Renamed In orbit from t1 to t2, name or owner changed at t2.
Next phase reflects new name and owner

Free

NA Renamed attached Attached to P from t1 to t2, name or owner changed at
t2. Next phase reflects new name and owner

External

LEASE Lease Temporary lease from main owner from t1 to t2. Sat-
Type code is PA.

Free

Dest is a location on C, or C itself, or blank (see also ’Dest is a body name’ b
S Targeted suborbital entry/impact Sep from P at t1, crashed or destroyed in atmosphere

at t2 at end of launch trajectory
Free

R Reentered Sep from P at t1, destroyed in C’s atmosphere at t2 after
natural decay

Free

D Deorbited Sep from P at t1, destroyed in C’s atmosphere at t2 via
active deorbit maneuver

Free

L Landed Sep from P at t1, landed or splashed down on C’s
surface at t2

Free

LF Failed landing Intact landing intended but actually destroyed on im-
pact

Free

AS Suborbital reentered attached Attached to P from t1 to t2 when P reentered External
AR Reentered attached Attached to P from t1 to t2 when P reentered External
AR IN Reentered inside Inside P from t1 to t2 when P reentered Internal
AL Landed attached Attached to P from t1 to t2 when P landed External
AL IN Landed inside Inside P from t1 to t2 when P landed Internal
TX Transmission ended Operated on C’s surface from t1 to t2 Free
F Failed Sep from P at t1, crashed or destroyed at t2 during

launch failure
Free

AF Failed attached Attached to P at all times until it and P crashed or
destroyed at t2 during launch failure

External or inter-
nal.

Dest is a JCAT from D catalog (deep space). JCAT ID used in deep space catalog f
DSO Deep space Sep from P at t1, passed deep space boundary at t2. Free
DSA Deep space attached Attached to P since t1, passed deep space boundary at

t2.
External

DSA IN Deep space inside Inside P since t1, passed deep space boundary at t2. Internal
LO Liftoff Launch from C surface (C is a world but not Earth),

catalog reassigned to dest
Free

LOA Reflight attached Launch from C surface (C is a world but not Earth)
aboard parent object, catalog reassigned to dest

External or Inter-
nal

Dest is a JCAT from the main catalogs (not from D catalog)
DK Docked Sep from P at t1, docked with D at t2 Free to External
GRP Grappled Sep from P at t1, docked with D at t2 Free to External
ATT Attached Was attached to P at t1, then attached to D at t2 External.
TFR Transfer Inside P at t1, moved inside D at t2 Internal
TFR E Transfer external Inside P at t1, moved to exterior of D at t2 Internal to Exter-

nal
TFR IN Transfer in Outside P at t1, moved to interior of D at t2 External to Inter-

nal (same as RET)
C Collided Collided with D at t2 Free
EVA DP Spacewalk (depress) Inside P at t1, began depressurization of airlock of D at

t2
Internal to Exter-
nal

EVA RP Spacewalk (repress) Depressurized airlock of P at t1, repressurized airlock
of D at t2

Internal to teth-
ered or free to In-
ternal

REFLT Reflight Object reassigned to a new catalog number on its next
flight

Not applicable

Dest is a body name
EO Escape Left P’s SOI at t1, In C’s SOI from t1 to t2, entered D’s

SOI at t2
Free

EAO Escape attached Attached to P from t1 to t2. In C’s SOI till t2, then in
D’s SOI

External

EN Encounter same as EO, but denotes specifically a single flyby
of the central body P with periapsis time equal to te
(ODate value), before departing the SOI at t2.

OI Orbit insertion Left P’s SOI at t1, entered C’s SOI at t1 and entered a
bound orbit around C at t2. This will be paired with
a next phase with an empty Parent (implied equal to
C) describing the phase that begins with orbit insertion
and ending with landing, impact or orbit departure OE.

OE Orbit escape In orbit around C at t1, performed escape burn at t2.
Next phase will describe the phase from escape burn
to departing sphere of influence.

Special cases
ERR Error No object corresponding to this entry (tracking or cat-

aloging errors)
-

I-42



For case C (Collision) the collision can result in the destruction of the object, in which case there is no
subsequent phase; or the object can survive, in which case t2 starts a new phase. If object A collides with object B,
there is a C status for each of the objects A and B. That is, A has a phase that ends with ’A collides with B’, and B
has a phase that ends with ’B collides with A’. If A survives, B is the parent object for A’s next phase, and vice versa.

For cases R, D, AR, AR IN: if C has no atmosphere, t2 is the time of impact on C’s surface. Natural decay
includes orbit perturbation due to mascons, and direct impact without first entering bound orbit.

For cases DSO, DSA, DSA IN; the object is considered to have left the main part of GCAT at t2. Its old JCAT
ID no longer applies and the Deep Space Catalog JCAT ID is used for further phases of its history.

For case LO, when taking off from a world a new launch designation and catalog number are assigned - it is
treated as a new launch. For case TO, when taking off/departing from a small body, I don’t consider it a new launch
and no reassignment is made.

For case EVA RP, P and D are usually the same airlock. The phase may involve moving outside airlock and
returning (‘spacewalk’), but sometimes the ‘EVA’ may be entirely internal, working inside the depressurized airlock
for the duration. Sometimes I use the phrase ‘depressurization activity’ rather than ’EVA’, since the initial E is not
necessarily applicable.

The cases OI, OE, EN, EO and EAO are only used in the Deep Space Catalog and the heliocentric and lunar-
planetary registers.

I.1.8 Launch Success Fractions

The practice, of which I and others have long been guilty, of evaluating launch vehicle reliability based on a simple
pass/fail value for each launch is rather a blunt instrument. To try and do a bit better, I have added a launch success
fraction in some cases.

In the LaunchCode field of the launch lists, I take a rather old-fashioned view of success and failure.
Nowadays, if a commercial satellite launch vehicle fails to deliver all its customer payloads to the correct orbit
in working order, the launch is considered a total failure. In the 1950s, however, a US government launch that got
only a few metres off the pad might still be considered a ‘partial success’, for example because it demonstrated the
correct functioning of the engine ignition system and the ability of the rocket to fly in vaguely the right direction.

When you’re assessing the capability of launch vehicles over decades and comparing those from new space
players and established spacefarers, this older approach is actually helpful. In 2012 I introduced the following scheme.

For pass/fail purposes I consider a score of less than 0.75 to be a failure; one could argue for lowering that
boundary a little bit.

For launches with a single payload, or multiple equal-priority payloads, I give:
- full success 1.00
- orbit usable but not nominal 0.75
- orbit but not a usable one 0.40
- payload failed to separate or fatally damaged by LV 0.25 (even if good orbit)
- orbit not reached 0.00 (or reentry after circa 1 orbit)

For missions with primary (P) and secondary (S) payloads, a rough scaling to give the P 3 times the weight
of S -

- full success 1.00
- S off-nominal orbit 0.95
- S unusable orbit 0.85
- S failed to sep 0.75
- P off-nominal orbit 0.55
- P unusable orbit 0.30
- P failed to separate 0.10
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There’s still some subjectivity here, and I’ve allowed myself to assign intermediate values, e.g. when an orbit
is only slightly off-nominal. Now obviously scores of 0.40 or less are going to mean an unhappy customer, but I
think it’s still worth distinguishing from complete failure to orbit a it usually indicates a vehicle which is ’close’ to
working in contrast to some vehicles which never make it beyond first or second stage burn.

In my initial implementation in 2012, the scores assigned that differ from 0.0 and 1.0 were:

Score LaunchCode Launch (Launch desig, vehicle)
0.25 OF25 96-061 Pegasus
0.40 OF40 63-021 Thor Agena, 67-032 Proton. 76-062,76-088, 80-031, 86-075,90-055 Molniya, 78-119, 95-052 Kosmos, 84-120, 04-052 Tsiklon, 91-051 Pegasus, 95-U01 Mu-3S-II, 96-048 CZ-3, 80-043 Atlas, 99-017, 99-023 Titan, 99-024 Delta 3, 06-006, 08-011, 11-045, 12-044 Proton/Briz, 11-005 Rokot
0.45 OF45 04-050 Delta 4H (primary payload medium-bad orbit, secondary failed to orbit)
0.50 OF50 01-029 Ariane 5/V142
0.75 OS75 97-057 PSLV, 97-066 Ariane 502, 07-027 Atlas V/NROL-30, 09-029 Soyuz/Meridian
0.80 OS80 00-048 Delta 3, 01-015 GSLV (somewhat off-nominal orbit)
0.85 OS85 12-054 Falcon 9 (primary perfect, secondary unusable)

I.1.9 Failure codes

The launch list files now include a column for a failure code. The values have not yet been filled in; this will be a
’work in progress’ for a while. The codes are designed to describe orbital launch failures, but are also occasionally
applied to suborbital flights.

In some orbital launches, the launch vehicle targets a suborbital trajectory and the payload has its own engine
to perform orbit insertion. This can lead to a situation where the LV is fully successful but the payload does not reach
orbit due to a malfunction of its own (cases PG, PI, PP).

sAn asterisk at the end of the code (e.g. S2P*) indiicates that despite the failure, subsequent stages continued
to operate and fired correctly except for being on the wrong trajectory.

- AD Accidental destruct (erroneous range safety or onboard destruct or termination)
- AL Accidental launch or ignition (Discoverer 0, Tianlong-3 S1).
- FF Fairing related failure (no fairing sep, or MaxQ failure, fairing destroyed)
- FS Structure failure other than fairing and other than due to previous loss of control
- PA Payload failed to separate from payload adapter
- PE Exploded on pad prior to lifting off
- PG Payload orbit insertion system, attitude or guidance problem
- PI Payload orbit insertion system, ignition problem.
- PP Payload orbit insertion system, propulsion problem
- Sn Failure in stage n, e.g S2 is failure in stage 2
- SnB Boom - Exploded or RUD during stage n
- SnE Electrical or power systems failure during stage n.
- SnG Guidance or attitude control failure during stage n, including software error
- SnGm Guidance, attitude control failure during burn m of stage n, including software error
- SnI Failure in stage n, engine did not ignite or did not reach full thrust
- SnP Propulsion failure in stage n, early shutdown including lack of propellant
- SnPm Propulsion failure in burn m (m=2 or more) of stage n, early shutdown including lack of propellant
- SnR Failure of stage n to restart for burn 2 or later
- SnS Separation failure or bad separation between stage n and stage n+1
- SnU Underperformance during stage n
- U Failure, all details unknown
- UX Unconfirmed failure (may not have launched, or reaching orbit may not have been intended).
- WX Weather (lightning strike or other)
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I.1.10 Orbital Categories

The following table gives the abbreviations I use to summarize different orbital categories (notably, in the OpOrbit
field of the object catalogs.) LEO is (the upper part of) Low Earth Orbit; LLEO is Lower LEO, below 600 km. GEO
is Geosynchronous Earth Orbit.

‘Height’ h is defined as geocentric semi-major axis minus Earth equatorial radius: (a-6378.0 km); i.e. average
of conventional perigee (hp) and apogee (ha) heights. Heights are in km, inclination in degrees.

One common conventional upper boundary of LEO is a 2 hour period (and it’s enshrined in code as part of
the SGP4 model.) Orbital period makes the most sense for defining boundaries between there and GEO, while height
makes the most sense for the lower boundaries. This makes the definition scheme a bit patchwork - sorry.

Prior to release 1.3 (Sep 2022) I used a 2-hour period (1681 km altitude) as the upper boundary of LEO. I
now use 2000 km altitude, which has become the more common usage in recent years.

Code Name Period (hr:min) Height (km) Inclination (deg) Eccentricity
ATM Atmospheric ha below 80
SO Suborbital hp below 0, ha above 80
TA Trans-Atm. hp from 0 to 80, ha above 80
LLEO/E Lower LEO/Equatorial h 80 to 600 0 to 25
LLEO/I Lower LEO/Intermediate h 80 to 600 25 to 85
LLEO/P Lower LEO/Polar h 80 to 600 85 to 95
LLEO/S Lower LEO/Sun-Sync h 80 to 600 95 to 104
LLEO/R Lower LEO/Retrograde h 80 to 600 104 to 180
LEO/E Upper LEO/Equatorial h 600 to 2000 0 to 25
LEO/I Upper LEO/Intermediate h 600 to 2000 25 to 85
LEO/P Upper LEO/Polar Up to 2:07 h 600 to 2000 85 to 95
LEO/S Upper LEO/Sun-Sync Up to 2:07 h 600 to 2000 95 to 104
LEO/R Upper LEO/Retrograde Up to 2:07 h 600 to 2000 104 to 180
MEO Medium Earth Orbit 2:07 - 23:00 0.00-0.50
HEO Highly Elliptical orbit 4:03 - 23:00 0.50-0.92
HEO/M Molniya 11:30 - 12:30 62.0 - 64.0 0.50 - 0.77
GTO Geotransfer 10:00 - 12:30 0.0 - 85.0 0.50 - 0.77
GEO/S Stationary 23:55.5-23:56.5 0.0 - 3.0 0.00 - 0.01
GEO/I Inclined GEO 23:55.5-23:56.5 3.0 - 25.0 0.00 - 0.05
GEO/T Synchronous 23:55.5-23:56.5 0.0 - 180.0 0.00 - 0.85
GEO/D Drift GEO 23:00 - 25:00 0.0 - 3.0 0.00 - 0.05
GEO/SI Inclined GEO 23:55.5-23:56.5 3.0 - 25.0 0.00 - 0.05
GEO/ID Inclined Drift 23:41 - 24:11 3.0 - 25.0 0.00 - 0.05
GEO/NS Near-sync 23:00 - 25:00 0.0 - 180.0 0.0 - 0.85
VHEO Very High Earth Orbit Above 25:00 0.0 - 180.0 0.0 - 1.00
DSO Deep Space Orbit h above 145688 to 318200 0.0 to 1.0
CLO Cislunar/Translunar h from 318200 to 1.5 million 0.0 to 1.0
EEO Earth Escape h less than 1.5 million Above 1.0
HCO Heliocentric h more than 1.5 million Heliocentric e 0.0 to 1.0
PCO Planetocentric Central body not Earth or Sun
SSE Solar System Escape Heliocentric e above 1.0
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I.1.11 Uncataloged (’U’) Launches

I.1.11.1 The U designation

In the (See launch designations) section we mention the ’U’ entries. These are launches for which I assign
designations for the form 1969-U01, etc. They are launches which are not in the usual lists of orbital launches,
but which are close to making the cut for various reasons, and most of them are pretty interesting.

Orbital launches usually have international designations (‘COSPAR designations’). Assignment of these
designations was delegated in the early 1960s by the UN COSPAR to the World Data Center A for Rockets and
Satellites, who at some point further delegated it to NORAD, today in the form of the US Space Force 18th Space
Control Squadron.

The traditional rule was that any launch from the Earth which resulted in an object completing one or more
orbits of the Earth would receive a designation. This rule has not always been followed.

I assign U designations for several categories of launch that I consider interesting:

• ’Skipped launches’: Launches which should have received international designations but did not, either
because the US failed to track them or because the rule was not followed.

• ’Marginal orbit’: Attempted orbital launches which failed to reach a sustained orbit, but fell just short; typically
perigee between -500 km and +100 km. Since the exact orbit attained is often uncertain, I have tended to be
inclusive when deciding whether to assign such launches a ’U’ rather than an ’F’ designation. You can think of
this category as a way to pull out ‘interesting’ launch failures that were really close to succeeding, as opposed
to ones that blew up just above the pad.

• ’Suborbital with orbital energy’: Suborbital launches that have a high apogee (more than a few thousand
kilometres) have a total energy (kinetic plus potential) that is greater than a low orbit satellite, in contrast to
the vast majority of suborbital sounding rocket and missile flights which are well short of orbital energy. Thus,
these are ‘interesting’ suborbital launches than are in some sense close to being orbital.

• ’Reentry with orbital energy’: suborbital launches with stages that fire their payload down fast into the
atmosphere to test reentry behaviour. In some cases these even have escape velocity, but going in the ‘wrong’
direction. They may only traverse a small segment of the indicated orbit; for example the orbital parameters
of Meteor 4/5 have a large apogee but the vehicle didn’t ever get to that apogee, flying on a small segment of
the downward arc of the orbit with a maximum actual altitude of 110 km.

• ’Extraterrestrial launches’: launches from worlds other than the Earth. (So far, that’s just the Moon). ‘Worlds’
here means large (self-gravitatingly round) bodies; departures from comets and small asteroids are considered
equivalent to undockings rather than launches and are not given separate launch designations.

For convenience, here is an annotated table of all the U launches. ’Actual Apo’ indicates the actual maximum
height above Earth reached. ’Orbit Peri’ and ’Orbit Apo’ define the orbit that the spacecraft was on for at least a few
moments, even if they did not reach either orbit extreme. Recall that negative apogees represent hyperbolic (above
escape velocity) trajectories, albeit in this case heading downwards into the atmosphere.

The C3 value, usually used for Earth escape launches, is a measure of the orbital binding energy per unit
mass, in km**2/s**2 or (equivalently) MJ/kg; the SpE value is the total kinetic plus potential energy per unit mass,
in the same units; the two are not independent, as SpE = 0.5* C3 + 62.5. C3 is negative for objects bound to Earth
and positive if they have escape velocity; SpE is always positive and I find it more intuitive for the marginal-orbit
cases.
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Designation Launch Date Launch Vehicle Site Payload Orbit Peri Orbit Apo Orbit inc Actual Apo Central Body U Type C3 SpE Description
1957-U01 1957 Oct 17 0505 Aerobee USAF 88 Holloman ADC USAF 88 Charge A -2000? -20000? 90.0 114 Earth Energy 86.2 105.6 Artifical meteor (Poulter pellet)
1958-U01 1958 Sep 26 1538 Vanguard SLV-3 Canaveral LC18A Vanguard Cloud Cover Satellite 65 425 32.8 425 Earth Marginal -60.2 32.4 Satellite, positive perigee
1959-U01 1959 Jun 25 2247 Thor Agena A 179 Vandenberg 75-3-5 CORONA C-1/FTV 1023 80? 170? 86.3 170? Earth Marginal -61.3 31.9 Satellite, positive perigee
1960-U01 1960 Apr 15 1506 Vostok-L L1-9 Baykonur LC1/5 Luna E-3 No. 1 50? 200000? 65.0 200000? Earth Skipped/Energy -3.8 60.6 Failed lunar probe
1960-U02 1960 Sep 21 1301 Blue Scout Jr D-1 Canaveral LC18A D-1 Probe -5040 26709 30.0? 26709 Earth Energy -23.2 50.9 Space physics probe
1960-U03 1960 Oct 4 1523 Scout X-1 ST-2 Wallops LA3 ST-2 Probe -4400 5630 38.0? 5630 Earth Energy -57.0 34.0 Space physics probe
1961-U01 1961 Aug 17 1429 Blue Scout Jr D-1 Canaveral LC18A O-1 Probe -5000? 100000? 30.0? 100000? Earth Energy -7.4 58.8 Space physics probe, apogee unconfirmed
1961-U02 1961 Apr 21 0556 Trailblazer I Wallops Trailblazer 1g -6166 18199 106.10 283 Earth Reentry -32.2 46.4 Artificial meteor
1961-U03 1961 Oct 19 1738 Scout X-1 ST-7 Wallops LA3 ST-7 Probe -5022 6855 32.0 6855 Earth Energy -54.6 35.2 Space physics probe
1961-U04 1961 Dec 4 0400 Blue Scout Jr O-2 Point Arguello LC-A O-2 Probe -300? 44400 94.0? 44400 Earth Energy -14.0 55.5 Space physics probe
1962-U01 1962 Mar 29 0727 Scout X-2 ST-9 Wallops LA3 ST-9 Probe -5540 6290 38.0? 6290 Earth Energy -59.0 33.0 Space physics probe
1962-U02 1962 May 6 0541 Trailblazer 2 Wallops Meteor 1 pellet -6251 -54735 104.3 280 Earth Reentry 16.5 70.8 Artificial meteor
1962-U03 1962 Aug 31 1625 Scout X-3A S114 Wallops LA3 Reentry 2 -6000 7000 38.0 217 Earth Reentry -58.0 33.5 Reentry test
1963-U01 1963 Jul 30 1616 Blue Scout Jr 22-1 Canaveral LC18A AFCRL-1/21 -1840? 11100 31.0 11100 Earth Energy -36.2 44.4 Space physics probe
1964-U01 1964 Mar 12 0417 Nike Cajun Wallops Meteor 2/3 -6160 12200 105.6 100 Earth Reentry -42.4 41.3 Artificial meteor
1964-U02 1964 Apr 14 2142 Atlas 263D Kennedy LC12 FIRE 1 -219 -51626 32.1 840 Earth Reentry 20.4 72.7 Reentry test for Apollo
1964-U03 1964 Apr 21 1850 Thor Ablestar 379/AB014 Vandenberg 75-1-1 Transit VBN-3 50? 500? 90.0 500? Earth Marginal -59.9 32.5 Satellite, positive perigee
1964-U04 1964 Aug 18 0605 Scout X-4A S129R Wallops LA3 Reentry 4 -117 5069 48.0 183 Earth Reentry -45.0 40.0 Reentry test
1964-U05 1964 Nov 7 0138 Nike Cajun Wallops Meteor 4/5 -6100? 241000 106.0 110 Earth Reentry -3.2 60.9 Artificial meteor
1965-U01 1965 Dec 16 1409 R-36O U22502-01L Baykonur LC67/21 OGCh No. 01L -650? 220 64.5 220 Earth Marginal -64.7 30.2 Weapons test flight
1965-U02 1965 Jan 19 1404 Titan II GLV-2 Kennedy LC19 Gemini GT-2 -48 493 31.7 493 Earth Marginal -60.4 32.3 Spaceship test flight
1965-U03 1965 May 4 0550 Nike Cajun Wallops Meteor 6/7 -6100? 241000 105.0 110 Earth Reentry -3.2 60.9 Artificial meteor
1965-U04 1965 May 22 2155 Atlas 264D Kennedy LC12 FIRE 2 -234 -65491 32.5 825 Earth Reentry 15.1 70.0 Reentry test for Apollo
1965-U05 1965 Mar 30 1609 Blue Scout Jr 22-4 Kennedy LC18A AFRCL-35 -1250? 16100? 30.0? 16100? Earth Energy -28.9 48.1 Space physics probe
1965-U06 1965 Apr 9 1810 Blue Scout Jr 22-9 Kennedy LC18A AFWL-14 -3300? 25500 30.0 25500 Earth Energy -22.8 51.1 Space physics probe
1965-U07 1965 May 12 1602 Blue Scout Jr 22-8 Kennedy LC18A AFCRL-335 -2000? 15640 30.0 15640 Earth Energy -30.2 47.4 Space physics probe
1965-U08 1965 Jun 9 1626 Blue Scout Jr 22-5 Kennedy LC18A AFWL-304 -1200? 17533 30.0 17533 Earth Energy -27.4 48.8 Space physics probe
1966-U01 1966 Feb 5 1219 R-36O U22502-02L Baykonur LC67/21 OGCh No. 02L -650? 220 64.5 220 Earth Marginal -64.7 30.2 Weapons test flight
1966-U02 1966 May 19 1930 R-36O U22502-04L Baykonur LC67/21 OGCh No. 04L -650? 220 64.5 220 Earth Marginal -64.7 30.2 Weapons test flight
1966-U03 1966 Feb 10 0055 Scout X-4A S141C Wallops LA3A Reentry E -1500? 4300? 47.0 175 Earth Reentry -51.3 36.9 Reentry test
1966-U04 1966 Feb 26 1612 Saturn IB SA-201 Kennedy LC34 Apollo AS-201 -565 1674 30.7 493 Earth Reentry -57.5 33.8 Reentry test of Apollo CM
1966-U05 1966 Mar 18 0115 Trailblazer 2 Wallops Meteor 8 -6100? 136000 107.0 280 Earth Reentry -5.6 59.7 Artificial meteor
1966-U06 1966 Aug 25 1715 Uprated Saturn I SA-202 Kennedy LC34 Apollo AS-202 59 4082 31.4 1143 Earth Marginal -47.2 38.9 Flight and reentry test of Apollo CSM
1966-U07 1966 Sep 17 0157 Nike Cajun Wallops Meteor 9 -6080? -146000 107.0 110 Earth Reentry 5.72 65.4 Artificial meteor
1966-U08 1966 Dec 21 2215 Atlas SLV-3 7001 Vandenberg SLC3E SV-5D FV-1 -1179 170 145.3 170 Earth Marginal -67.9 28.6 Lifting body test
1967-U01 1967 Feb 14 0552 Trailblazer 2 Wallops Meteor 10 -5792 -12485 109.4 280 Earth Reentry 144.4 134.7 Artificial meteor
1967-U02 1967 Mar 5 2305 Atlas SLV-3 7002 Vandenberg SLC3E SV-5D FV-2 -562 201 145.2 201 Earth Marginal -64.3 30.3 Lifting body test
1967-U03 1967 Apr 20 0135 Atlas SLV-3 7003 Vandenberg SLC3E SV-5D FV-3 -488 211 144.6 211 Earth Marginal -63.9 30.6 Lifting body test
1967-U04 1967 Oct 19 1733 Scout B S159C Wallops LA3A RAM C-1 -1355? 2011? 39.9 217 Earth Reentry -59.4 32.8 Reentry test
1968-U01 1968 May 20 2205 R-36O Ya22500-18L Baykonur LC162/36 OGCh No. 18LU -200? 200? 49.7 200? Earth Marginal -62.5 31.3 Weapons test flight
1968-U02 1968 May 27 2315 R-36O Ya22501-19L Baykonur LC161/35 OGCh No. 19LU -200? 200? 49.7 200? Earth Marginal -62.5 31.3 Weapons test flight
1968-U03 1968 Aug 22 1516 Scout B S168C Wallops LA3A RAM C-2 -1850? 1420? 41.8 221 Earth Reentry -64.7 30.2 Reentry test
1969-U01 1969 Jul 21 1754 LM 5 Ascent Stage Tranquility Base LM 5 Eagle 17 91 161.8 Moon ExtraT - - Human lunar return
1969-U02 1969 Nov 20 1425 LM 6 Ascent Stage Surveyor 3 Site LM 6 Intrepid 19 95 144.1 Moon ExtraT - - Human lunar return
1969-U03 1969 Jan 25 1114 Tsiklon-2A No. 12L Baykonur LC90/19 US-A No. 212 -50? 245? 65.1 245? Earth Marginal -61.5 31.7 Satellite launch failure
1970-U01 1970 Sep 21 0743 E-8-5 VS Luna-16 site,Mare Fecunditatis E-8-5 No. 406 VA ? 400000? Moon ExtraT - - Robotic sample return
1970-U02 1970 Jun 12 0110 Europa I F-9 Woomera LA6A ELDO STV 3 -744 673 84.1 673 Earth Marginal -62.8 31.1 Satellite launch failure
1970-U03 1970 Nov 30 2240 Atlas Centaur AC-21 Kennedy LC36B OAO B -50? 600? 35.0 600? Earth Marginal -59.9 32.5 Satellite launch failure
1971-U01 1971 Feb 6 1848 LM 8 Ascent Stage Fra Mauro Base LM 8 Antares 17 113 167.9 Moon ExtraT - - Human lunar return
1971-U02 1971 Aug 2 1711 LM 10 Ascent Stage Hadley Base LM 10 Falcon 3 63 143.4 Moon ExtraT - - Human lunar return
1971-U03 1971 Sep 20 2331 Scout B S166C Wallops LA3A Barium Ion Cloud -4600 32100 38.9 32100 Earth Energy -19.8 52.6 Space physics probe
1972-U01 1972 Feb 22 2258 E-8-5 VS Luna-20 site, Apollonius C E-8-5 No. 408 VA ? 400000? Moon ExtraT - - Robotic sample return
1972-U02 1972 Apr 24 0125 LM 11 Ascent Stage Descartes Base LM 11 Orion 28 108 172.0 Moon ExtraT - - Human lunar return
1972-U03 1972 Dec 14 2254 LM 12 Ascent Stage Taurus-Littrow Base LM 12 Challenger 21 114 ? Moon ExtraT - - Human lunar return
1973-U01 1973 Apr 25 0910 Tsiklon-2 No. 17L Baykonur LC90 US-A No. 314 -800? 250? 65.0 250? Earth Marginal -65.3 29.8 Satellite launch failure
1973-U02 1973 May 21 0847 Diamant B No. 5 Kourou ELD D-5A/D-5B 40? 300 20.0 300? Earth Marginal -60.9 32.1 Satellite launch failure, positive perigee
1976-U01 1976 Aug 19 0525 E-8-5 VS Luna-24 site, Mare Crisium E-8-5 No. 413 VA ? 400000? Moon ExtraT - - Robotic sample return
1976-U02 1976 Jun 18 1141 Scout D-1 No. S193C Wallops LA3A Gravity Probe A -6263 10230 39.4 10230 Earth Energy -47.7 38.7 Physics experiment probe
1979-U01 1979 Oct 12 1230 Soyuz-U 77025-419 Plesetsk LC43/3 Argon (Zenit-6) No. 12L -200? 200? 72.9 200 Earth Marginal -62.5 31.3 Satellite launch failure
1980-U01 1980 Dec 9 0718 Atlas 68E Vandenberg SLC3W NRO PARCAE 4 -1000? 1050? 63.5 1050? Earth Marginal -62.3 31.4 Satellite launch failure
1987-U01 1987 May 15 1730 Energiya No. L1506SL Baykonur LC250 Skif-DM -15 155 64.6 155 Earth Marginal -61.8 31.6 Satellite launch failure
1995-U01 1995 Jan 15 1345 Mu-3S-II M-3S2-8 Kagoshima Mu EXPRESS 110 245 31.0 245 Earth Skipped -60.8 32.1 Made 3 orbits but not tracked
2000-U01 2000 Feb 10 0130 M-V-4 Kagoshima M-V ASTRO-E 80? 410 31.3 410 Earth Marginal -60.2 32.4 Satellite launch failure, possibly positive perigee
2001-U01 2001 Sep 21 1849 Taurus 2110 T6 Vandenberg 576E Orbview-4/QuikTOMS -50? 427 97.3 427 Earth Marginal -60.7 32.1 Satellite launch failure
2003-U01 2003 Sep 16 1030 KT-1 Taiyuan KT-1 test payload 112? 307 92.0 307 Earth Marginal -60.5 32.2 Satellite launch failure, possibly positive perigee
2004-U01 2004 Nov 8 1830 Soyuz-2-1A No. 001 Plesetsk LC43/4 Oblik No. 103 -150? 180? 82.5? 180? Earth Marginal -62.4 31.3 Suborbital launch vehicle test
2013-U01 2013 May 13 1258 DF-21? Xichang Kunpeng-7 -3000? 10000? 32.0 10000? Earth Energy -40.4? 42.3? Launch vehicle test, orbit uncertain
2015-U01 2015 Feb 11 1340 Vega VV04 Kourou ZLV AVUM VV04 220 430 5.4 430 Earth Skipped -59.5 32.8 AVUM stage completed more than one orbit, IXV orbit 76 x 416
2020-U01 2020 Nov 17 0152 Vega VV17 Kourou ZLV SEOSAT/Taranis -500? 250? 98.5 250? Earth Marginal -63.7 30.6 Satellite launch failure
2020-U02 2020 Dec 3 1510 CE-5 SSQ Louville Omega N Chang’e-5 Shangsheng Qi 15 181 42.4 Moon ExtraT - - Robotic sample return
2021-U01 2021 Jul 27 Chang Zheng 2C Taiyuan? CZ Orbital RV 100? 200? 137? 200? Earth Skipped/Marginal -61.1 32.0 Weapons test flight
2022-U01 2022 Mar 24 0534 Hwasong-15? Sunan HS-17 RV -6261 6200 41.3 6200 Earth Energy -62.70 31.1 Lofted ICBM test flight
2022-U02 2022 Aug 7 0348 SSLV-D1 Satish Dawah FLP EOS-02/AzaadiSAT 76 356 41.6? 356 Earth Marginal -60.5 32.3 Satellite launch failure, positive perigee
2022-U03 2022 Nov 18 0114 Hwasong-15? Sunan HS-17 RV -6260 6100 41.6 6100 Earth Energy -63.30 30.9 Lofted ICBM test flight
2023-U01 2023 Feb 18 0822 Hwasong-15? Sunan HS-17 RV -6260 5768 41.6 5768 Earth Energy -65.07 30.0 Lofted ICBM test flight
2023-U02 2023 Mar 15 2210 Hwasong-17? Sunan HS-17 RV -6260? 5800? 41.6 5800? Earth Energy -65.07 30.0 Lofted ICBM test flight
2023-U03 2023 Jul 12 0059 Hwasong-18 Pyongyang HS-18 RV -6260? 6648 41.6 6648 Earth Energy -60.70 32.1 Lofted ICBM test flight
2023-U04 2023 Dec 17 2324 Hwasong-18 Pyongyang HS-18 RV -6260? 6518 41.6 6518 Earth Energy -61.3 31.9 Lofted ICBM test flight
2024-U01 2024 Mar 14 1325 Starship Starbase Ship 28 -50? 234 26.50 234 Earth Marginal -61.61 31.69 Launch vehicle test
2024-U02 2024 Jun 3 2338 CE-6 SSQ Apollo Basin S Chang’e-6 Shangsheng Qi 15 180 43.0 Moon ExtraT - - Robotic sample return
2024-U03 2024 Jun 6 1250 Starship Starbase Ship 29 -15? 213 26.80 213 Earth Marginal -61.54 31.73 Launch vehicle test
2024-U04 2024 Oct 13 1225 Starship Starbase Ship 30 -15? 212 26.80 212 Earth Marginal -61.54 31.72 Launch vehicle test
2024-U05 2024 Oct 30 2211 Hwasong-19 Pyongyang HS-19 RV -6243? 7687 42.0 7687 Earth Energy -56.14 34.43 Lofted ICBM test flight
2024-U06 2024 Nov 19 2200 Starship Starbase Ship 31 50 228 26.3 190 Earth Marginal -61.16 31.91 Launch vehicle test
2025-U01 2025 Apr 29 1337 Firefly Alpha Vandenberg LM-400-TD -250? 320 85.0 320 Earth Marginal -62.15 31.42 Satellite launch failure
2025-U02 2025 May 27 2336 Starship Starbase Ship 35 5? 189 26.3 189 Earth Marginal -61.56 31.72 Launch vehicle test
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I.1.12 Analyst Objects

In the derived catalog ’currentcat’ I have added about 700 objects with ’C’ prefixes. These are debris objects tracked
by the US Space Force which they have not identified with a specific launch.

I.1.12.1 Analyst Objects in the Space Force Catalog

The main, public US Space Force catalog has a running catalog number starting with 1 (Sputnik 1 rocket stage) and
going to currently somewhat over 51000.

The criteria for a previously undetected debris object being added to the catalog are traditionally:

• Object remained in space for more than one full orbit

• Object’s orbit is well determined and followed over a period of time (many orbits). I will refer to this as it being
a ‘persistent object’, as opposed to radar tracks that are not seen again. (For astronomers: This is analogous
to the difference between a minor planet with a provisional designation and one with a permanent asteroid
number.)

• Object is identified as being from a specific launch, so that it can get an ‘international designation’

The Space Force also generates orbital solutions for objects which do not yet meet these criteria, but might
later get added to the catalog. These are called ‘analyst objects’ (the data will be studied by analysts for possible
later identification). Historically these are assigned fake catalog numbers between 80000 and 90000 (and possibly
between 70000 and 80000, although the orbital data for those has not generally been released). More recently, objects
detected by the Space Fence have been given numbers starting at 270000.

A few datasets of the analyst object TLEs became public (possibly inadvertently) over the years, and then in
2020 a subset of analyst TLEs started being regularly released by 18SPCS on Space-Track.org.

To distinguish the analyst objects, I add them to my supplementary CSOCAT catalog (which also contains
objects from other sources such as hobbyists). CSOCAT catalog numbers in the ranges 80000-89999 and 270000
upwards are reserved for US Space Force analyst object TLEs.

These objects fall in several categories:

• Assorted TLEs: analyst catalog numbers with several TLE sets referring to several different objects in entirely
different orbits. These numbers are apparently reused at will and do not refer to a single persistent object.

• Fake (Search) TLEs: TLEs which appear to be associated with prelaunch estimates of a known object rather
than being based on actual tracking data.

• Poorly tracked objects, with only one or two TLE sets, and those from many years ago.

• Old, retired analyst objects: analyst catalog numbers with several TLEs in my archive, but none referring to
recent epochs. In particular, a lot of objects in the 1994 and 1998 analyst datasets available to me don’t appear
in the modern (2020 onwards) TLE data releases. I have assigned them status OX (lost), but in many cases it’s
possible they have been moved to the main catalog with a new catalog number. I have identified a handful of
cases like that, but haven’t worked to make systematic cross-identifications.

• Persistent analyst objects: analyst catalog numbers for which the TLEs since 2018 clearly refer to one specific
object (the orbit changes slowly) and which continue to get new updated TLEs in the past year or so.

• Space Fence objects: the objects with catalog numbers above 270000. All of these (with a handful of
exceptions) appear to be persistent analyst objects.

• Unreleased analyst objects. The Space-Track.org ‘Space Scoreboard’ says that there are (as of Feb 2022) 17600
analyst objects, many more than data is being released for.
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I.1.12.2 Objects in the CurrentCat

Only the ‘persistent analyst objects’ are really of interest, as real well-tracked objects which would be in the main
catalog if they were associated with a known launch. As of Feb 2022 there are a little under 700 of these. This is
just a few percent of the number of tracked debris objects in orbit, and a small number compared to the 17600 such
objects reported to exist by 18SPCS.

All the analyst objects for which I have any data are included in the Complementary Catalog ‘csocat’. Use
that data with care, since they include objects which are not necessarily real, and ones which have been reassigned
with new numbers elsewhere.

The 700 robust ‘persistent analyst objects’ are now included at the end of the derived product ‘currentcat’ so
that they can be used in statistical studies.

I.1.12.3 Tentative Identifications of Analyst Objects

I have attempted to identify these analyst objects.

• In some cases one can infer the parent launch with fairly high confidence - for example objects from the 1965
SNAPSHOT launch which have distinctive orbital parameters.

• In other cases one can only identify them as being from one of a handful of launches - there is a debris cloud
at high inclination which is dominated by debris from three different Delta rocket stages that exploded in Dec
1973 (Delta 98), Aug 1975 (Delta 104), and Dec 1977 (Delta 126). You can be pretty sure that certain debris
objects belong to one of those three launches, but you can’t tell which. For now I have arbitrarily picked one
of the launches to assign to the objects but indicate the ambiguity in the object name.

• In still other cases, notably for LEO sun-synchronous objects and many Molniya orbit and geotransfer orbit
objects, there are too many possible parent launches to make a specific identification. In these cases I do not
assign an international designation and give the object a generic name like ”Unknown SSO debris”.

In future I hope to take a more rigorous approach by creating new designations for specific debris clouds.

I.1.13 Nomenclature codes (work in progress)

Satellites use a variety of nomenclature schemes and many satellites have multiple names. The GCAT object catalogs
provide a primary post-launch name (‘Name’), a (often pre-launch) payload name (‘PLName’) and optionally a
comma-delimited list of further alternate names.

For some purposes it is useful to flag which nomenclature scheme is being used for which name. In order to
do this, GCAT introduces a ’nomenclature code’ used to tag specific names. This code is usually a one or two letter
string, but I reserve the right to make the strings longer in future.

The NomCodes can in principle support use cases such as:

• Print only the manufacturer name

• List all satellites with an early NASA ’S-45A’ style designation

• Omit NRO mission names

However, that would require the NomCodes to be entered for all satellites. The user is warned that as of mid
2021, only a handful of satellites have NomCodes assigned. The intent is that NomCodes will be added as time goes
on, but completion of that project is likely to take years.

I-49



I.1.13.1 NomCodes file

Valid nomenclature codes are listed in the (See NomCodes ) file.

I.1.13.2 NomCodes in object catalog AltNames field

Nom codes are included as colon-delimited suffixes in the AltNames field. For example, the AltNames field might
be

Zenit-6 No. 7L:RC,11F645 No. 76038-407:RB

This says the object has two alternate names:

1: Zenit-6 No. 7L
2: 11F645 No. 76038-407

The first one has nomenclature code RC, and the second one has nomenclature code RB. The RC code tells us that
that name is a Soviet/Russian manufacturer name.

These NomCode suffixes are not currently supported in the Name and PLName fields, Instead, NomCode
values for those fields may be listed at the beginning of the AltNames field, as for example:

:C,:RD,Zenit-6 No. 7L,11F645 No. 76038-407:RB

Parsing this string, we see that the first comma-delimited item is a NomCode (because it has a colon, which
is treated as a special character) without a name prefixed to it. So, it is interpreted as a NomCode for the Name field.
The second comma delimited item is also a NomCode with no name prefixed, so it is a NomCode for the PLName
field. We then go into the regular list of AltNames. Note that in this example the first AltName doesn’t have a
NomCode. Some entries in an AltNames list may have a NomCode and others may not.

Correspondingly, if the first entry in the AltNames list has a non-empty name section, then there are no
NomCodes defined for Name or PLName.

The catch is that there are two satellites which actually have colons in their names (Eu:CROPIS and RE:X
xing). Colons may occur in the Name and PLName field, but are not allowed in names in the AltNames field. That’s
ugly, I know.

I.1.14 Launch Service Codes

The Launch Service codes are provided in the Groups column of the launch lists, for orbital launches only.

I apologize for the overloading of the Groups column with totally different meanings in the orbital and subor-
bital cases. This denormalization was done purely for reasons of compact formatting in my internal representation.

The launch service code encodes the type of launch service (govt., fully commercial etc.) and customer
(govt./commercial). To be used for statistical analysis of commercial launch activity. The intent here is to capture
some nuance around ’commercial launches’ - is the money really coming from commercial activity or is it just more
government space investment with a different contracting model?

The launch service code is of the form

LST

or

LST/CT

or

I-50



LST/CT+CT

where LST is the launch service type and CT is the satellite customer type, as listed below.

The LST codes (launch service types) are:

LST Code Launch Service Type Default CT
G Government rocket G
CG Commercial rocket operated on behalf of govt. G
CO Commercially operated government-developed rocket C
CX Commercial rocket and payload but end customer is govt C
C Fully commercial rocket C

The CT codes (satellite customer types) are

CT code Customer type
G Government (of the rocket operator’s country)
OG Other government (foreign to the rocket operator)
C Commercial

We distinguish between the government of the rocket operator’s country and other governments. For example,
Thor Delta is a US rocket so if it carries a US govt payload that’s CT = G, but if it carries a Canadian govt payload
that’s CT = OG. Special cases include ESA/Arianespace rockets, where ESA, the EU, and individual ESA member
state governments all count as ’G’; for Rocket Lab both US and NZ count as ’G’.

If the CT is the default CT for that LST, it can be omitted. Up to two different CTs can apply to a different
launch.

Example 1: G - Government rocket with govt payload

Example 2: CG/OG+C - Commercial rocket operated on behalf of govt, carrying payload(s) for another govt
and commercial payload(s).

I.1.15 Launch Profile Codes

The launch profile codes are provided in the Category field of the launch lists, for orbital launches only.

This field encodes the target orbit type (LEO, GEO etc.), the upper stage(s) disposal mode, and the number of
launch vehicle related debris objects generated during the launch phase (later stage breakups are not included). Note
that the data in this field represent the intended result of the launch, not the actual result. It can be used to track the
evolution of space debris mitigation practices used by launch agencies.

The format of the launch profile code is:

Sat XXX CC N

where XXX is the orbit code for the target orbit, CC encodes the planned upper stage(s) disposal mode, and N
is the number of other debris objects planned to be left in orbit from the launch vehicle (not counting objects released
by the payload, although there is some ambiguity in that).

The target orbit codes are:
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Orbit code Meaning
DSO Deep space orbit (Earth orbit with apogee beyond 150,000 km)
EEO Earth escape orbit
GEO Direct geosync insertion
GTO Geosync transfer orbit
HEO Highly elliptical orbit (except MTO, MOL, DSO)
ISS International Space Station
LEO Low Earth Orbit (other than SSO, LSS, ISS)
LSS LEO space station other than ISS
MEO Medium Earth Orbit
MOL Molniya orbit
MTO MEO transfer orbit (with payload performing MEO circularization)
SSO Sun-sync orbit
STO Supersync transfer orbit (apogee more than 45000 km)
XO Extraterrestrial launch (e.g. launch from lunar surface)

The next part of the launch profile code indicates what measures are taken to dispose of each upper stage
which reaches orbit, or is close to reaching orbit. This section has one,two or three letters, depending on the number
of upper stages reaching orbit.

Disposal codes are not included for extraterrestrial launches.

For example, OL means that one upper stage was left in orbit with no orbit change, and a second one was left
in orbit with a perigee lowering burn carried out after payload deployment.

Disposal code Meaning
A Stage left in Earth orbit, but remains attached to payload by design.
B Stage made depletion burn which boosted it to higher Earth orbit.
D Actively deorbited to destructive reentry
E Stage placed in Earth escape orbit
L Small perigee lowering burn to reduce orbit lifetime (but not meeting criterion for P)
O Left in Earth orbit for later uncontrolled reentry
P Perigee lowered to 180 km or less for rapid decay, or stage left in orbit with that low a perigee to start with.
R Recovered intact for possible reuse (so far, space shuttles only, considered as upper stages).
S Stage left in marginally suborbital trajectory for targeted reentry on first orbit. Stages with perigees above -1000 km are included.

The S cases are typically ones involving disposing of a large core stage by leaving it slightly suborbital and
making the payload or a small insertion stage complete the orbit insertion (for this purpose, the Shuttle External Tank
is counted as a stage). This is a standard way of avoiding leaving a big stage with a non-restartable engine in low
orbit, and is included to highlight this responsible strategy (and as a contrast to cases such as the CZ-5B).

Finally the number of other launch vehicle-related intentional debris objects is listed. Accidental debris, such
as from upper stage breakups, is not included here. Typically the objects noted are tumble weights, multi-payload
adapters such as Ariane Sylda5, or payload release hardware such as Starlink tension rods.

For example, ’Sat GTO SO 1’ indicates that the launch was targeted for geotransfer orbit, that one stage was
marginally suborbital and another was left in orbit for uncontrolled decay, and one additional debris object was left
in orbit.
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Part II

Space Organizations
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Chapter II.1

The Space Organizations Catalog

II.1.1 Introduction

In catalogs, review papers and databases describing or tabulating artificial satellites, space launches and other
astronautical events, it is often necessary or useful to report the country of origin, owner organization, and/or
manufacturer of the object of interest. This can be problematic as there is no standard way to refer to a particular
organization. Organizations or parts of organizations are frequently sold, merge, or otherwise change their names,
potentially concealing continuity in design of their spacecraft.

For my purposes, an ‘organization’ can be any named and spacetime-localized entity including

• A world or a region on a world - an ’astronomical polity’ (AP)

• A country (nation-state) or autonomous political region (CY)

• An intergovernmental or supranational organization, used as if it were a country (IGO)

• An academic (A) or non-profit organization

• A business (B) entity, a corporation, company, or operating location thereof

• A civilian (C) or military/defense (D) government agency, base, or group

In this paper I present a scheme - the ‘Org Code’ - for referring to space organizations and a database of such
organizations. The scheme and associated (See database) were developed to address this problem for the General
Catalog of Artifical Space Objects (GCASO, McDowell 2020 in prep.), but I hope it will be found generally useful
as no other comparable public dataset exists.

The organizations database generally includes only owner/operator and prime contractors for already-
launched spacecraft, stages, stage main propulsion engines, etc., not subsystem level contractors, data analysis
organizations, nor (with some exceptions) organizations involved only in missions whose launch is not yet imminent.

Although most documents describe satellite ownership and manufacture at the level of a headquarters parent
agency or corporation (NASA, Boeing, Roskosmos, JAXA), I find it more illuminating to follow events at the level of
a single operating location - an agency center like NASA-Goddard, or a factory/design organization like McDonnell
Douglas/Huntingdon Beach (now Boeing). I assign a short alphanumeric code, the Org Code, to each such operating
location.

Below: map showing geographic distribution of all organizations in the database (click for larger version)
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II.1.2 The Org Code

II.1.2.1 Allowed characters

The GCASO Org Code scheme presented here uses a unique string of 1 to 8 characters to refer to an organization.
Allowed characters are the digits 0-9, the ASCII upper case letters A to Z, and the dash (minus-sign). Some examples
of the Org Code are: I-ESRO, SWRIB, B, 44FA2, IQ223, NASA.

II.1.2.2 Code and UCode: Organization phases

We want to track the time evolution of an organization as it changes outward identity at the same location. Each
change marks the start of a new ’phase’ which gets a new Org Code, but also has an associated “ UCode ” (unified
code) which is the same for all of the phases (and is usually, but not necessarily, the Org Code of the first phase).
Note that each UCode is itself an Org Code.

For example, let us consider the Palo Alto, California location of Ford Aerospace. I assign this the UCode
FORDA, with a series of phases:

Code UCode Name Dates
PHLP FORDA Philco Western Development Labs (WDL) 1957-1966
PHFP FORDA Philco-Ford WDL 1966-1975
FORDP FORDA Aeronutronic Ford, WDL 1975 - 1976 Dec
FORDA FORDA Ford Aerospace/Palo Alto 1976 Dec - 1990 Oct
LOR FORD Space Systems Loral 1990 Oct - 2012 Nov
SSL FORDA MDA-SSL 2012 Nov - 2017 Oct
SSLMAX FORDA Maxar SSL 2017 Oct -2019 Mar
MAXSS FORDA Maxar Space Solutions 2019 Mar - present

In the organization database each code is paired with a UCode, so that all the codes with a common UCode
can be identified. This allows us to understand that there is a historical connection between satellites built by SSL
and those whose manufacturer was PHFP.

So, all the 1300 series communications satellites were built by (Ucode) FORDA, but each one can also be
tagged with the specific name of the company as it existed at the time of the satellite’s launch.

Note that countries can have phases too - the Czech republic is CSSR (1940-1990), CSFR (1990-1993) and
CZ (1993-present), sharing the ucode CZ. Note that for countries extant in the early 21st century, the ucode is usually
the Internet TLD, e.g. CN like .cn for Zhongguo (China), although the usual single-letter abbreviations have been
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used for European Union countries e.g. D for Deutschland (Germany), F for France etc. Most two-letter ucodes are
countries but there are a few exceptions (LM for Lockheed Martin, for example).

II.1.3 The Database

The database consists of a single (See table) in which each record is an organizational phase with its Org Code. The
columns are:

Column Name Description
Code Org Code for organization in a particular phase (time period)
UCode ‘unified’ Org Code for organization across all time periods
StateCode OrgCode for organzation’s host state.
Type Organization roles: a slash-separated set of types.
Class Organization class: A, B, C, or D (Nonprofit, commercial, civil or defence)
TStart Calendar date of phase start - e.g. when the org was founded
TStop Calendar date of phase end - e.g. when the org was closed or renamed
ShortName Short name of organization (ASCII, host language)
Name Full name of organization (ASCII, host language)
Location Approximate location (e.g. city)
Longitude Longitude of location, deg E
Latitude Latitude of location, deg N
Error Error in lon/lat, deg
Parent OrgCode of organization of which this org is a part
ShortEName Short name of organization (ASCII, English)
EName Full name of organization (ASCII, English)
UName Full name of organization (Unicode, host language)

The way these columns are used is explained in more detail in the following subsection. First I present a
diagram illustrating how the database entries relate the different organizations to one another:
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II.1.3.1 Column details

• Code - the Org Code for this organization/time phase.

• UCode - the unified Org Code for all phases for this organization.

• StateCode - Org Code for the nation-state, IGO or other polity with responsibility for the organization.
This is normally the country in which the organization is located (referred to as ’host country’ in the remainder
of this document). Type of the state code must be CY, IGO or AP.

• Type - the organization type

This indicates the role of the organization, e.g. a payload operator, a launch agency, etc. The current database is
somewhat patchy in data quality for this field, and I do not recommend relying on data in this column with the
exception of the special values CY, IGO and APwhich indicate entries with a status equivalent to a nation-state.

An entry can have multiple values of Type which are separated by a slash character, e.g. LV/E indicating the
organization has both LV and E roles. Alternativley, an entry may have no Type value present at all.

Additional roles are reserved for the related Launch Sites database and are noted in the table below.

The full list of roles is:
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Type code Meaning
States and similar entities

CY Country (i.e. nation-state or au-
tonomous region). Not always the
same as the ISO3166 code even
when the latter exists.

CYP Country province. Part of a nation-
state or autonomous region.

IGO Intergovernmental organization.
Treated as equivalent to a country
for the purposes of tabulations of
launches by country etc.

AP Astronomical Polity: e.g. Luna,
Mars. Used for the ’country’ field
for locations that are not on Earth
and therefore don’t have a country.

Manufacturers
E Engine manufacturer
LV Launch vehicle manufacturer
W Meteorological rocket launch

agency or manufacturer
PL Payload manufacturer

Operators
LA Launch Agency
S Suborbital payload operator
O Payload owner
P Parent organization of another entry

Launch origin or destination
LS Launch site
LP Launch position
LC Launch cruise
LZ Launch zone
TGT Suborbital target area

• Class - the organization class.
Each organization is tagged as one of:

– A (Academic, amateur and non-profit)
– B (Business/commercial)
– C (Civil government)
– D (Defense/military/intelligence)

The same classes are used in the satellite payload database to mark indvidual satellites - usually the class of
the satellite is the same as the class of the owner organization, but not always.

• TStart and TStop - start and stop time of this organization phase. Given in year, month, day format (actually
Vague Date format. )

Null values are indicated by a dash. Null TStart means the start date of the organization is unknown; Null Stop
means that the organization is still in operation, or assumed to be so.

• ShortName - a short ASCII name of the organization suitable for use in labels or tables, nominally a
transliterated representation of the name in the host country’s own language (or one of its principal languages,
as appropriate).

• Name - a full name (up to 80 ASCII characters). Transliterated full name of the organization, in host country’s
language.
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• Location - City and locality of the organization. In many cases this is given in the formUrbanArea-Suburb, e.g
”Los Angeles-El Segundo”. The precise address is not currently included in the database, although admittedly
this would have been desirable.

• Longitude, Latitude, Error. - The values are geographic longitude (east-positive) and latitude in decimal
degrees.

For the Organizations database the error field is not filled but is usually 0.1 deg.

• Parent,when nonempty, provides an Org Code of the organization of which the current entry is a subset. Thus,
NASA is the parent of Goddard Space Flight Center.

Note that in a few cases, an Org is noted as having more than one parent (two Org Codes separated by a solidus,
e.g. MOTI/TMI). In these cases the Org is an equal joint venture of the two parents. However in practice in
my software I ignore the second parent.

• ShortEName - Short name in English. Useful for summary information. Can be omitted when ShortName is
itself English.

• Ename - Long (full) name in English.

• UName - Unicode version of full name in organization’s parent language.

We can use the mask field to look at the geographic distribution of various types of organization:

Launch vehicle and stage prime contractors:

Payload manufacturers:
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Engine manufacturers:

II.1.3.2 Sources

For contemporary satellites and rockets, organizations were largely identified from mission press kits and web sites.
For historical missions, archival sources, Aviation Week, Flight International, and Jane’s All the World’s Aircraft
(and Jane’s Spaceflight Directory) were useful.

(See Note: Vague Date Format)
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Part III

Launch Sites
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Chapter III.1

The Space Launch Origins Catalog

III.1.1 Introduction

III.1.1.1 Launch Origin

Each rocket launch in the General Catalog has an associated launch origin. The ‘launch origin’ generalizes the
concept of a launch site, because nothing is ever simple. It consists of:

• the Platform (optional): either a ship or an airplane from which the rocket is launched. (The platforms are
discussed in detail in a separate section.

• the Launch Pad or Launch Point (LP for short, unifying the two terms) where the rocket ignition occurs;
LPs are always associated with

• a Launch Site which groups together related LPs.

However, for an air launch, we consider two Launch Site/LP pairs: the location of the departure runway where
the aircraft takes off, and the location where the rocket drops from the plane and ignites. This latter pair we
call:

• the Ascent Site and

• the Ascent Point. For other launches we consider the Ascent Site and Ascent Point to be identical with the
Launch Site and Launch Point. (Ideally, for sea launches one would track the ship port departure point and
distinguish it from the launch itself in the same way, but usually that information is not known).
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If the Platform is a ship on a research cruise and the launch point is not a regular (reused) point, the Launch
Site (and the Ascent Site) is the expedition code. Ascent Points for airplanes and ships near an existing launch site
and under its range authority, may be grouped together either under that launch site or a special related ocean-specific
launch site. For example, we distinguish between the Cape Canaveral land-based pads at site CC and the air and sea
launches off the Cape coast at site ETR (Eastern Test Range); this makes the LPs for site CC geographically compact,
which can be helpful for display.

Associated with each Launch (or Ascent) Site is an implicit LP with the same name as the Site, for launches
where we know the Site but not the particular pad.

The association of LPs with Sites is usually obvious for the land based pads at major launch sites. However
for remaining LPs it is somewhat arbitrary and I have not been terribly consistent.

III.1.1.2 Launch Sites database

The information needed to describe the existence, time-dependent nomenclature, and location of a launch site and
its launch pads is similar to that needed for an organization. The database has two files, one for the Sites and one for
the individual LPs. The format is almost the same for each file.

• Site contains the org code for the launch site.

• Code LP file: contains the org code for the LP; Sites file: is blank, since the Site is the org code.

• UCode Unified org code for the entry. The Code and UCode are not globally unique for launch pads, but are
unique when combined with their Site values.
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For example White Sands Army Launch Area 2 has LP entries with org code values ALA2 (1958-1960) and
LC36 (1960-). Each LP entry has UCode ALA2 and Site value WS. The Site value corresponds to an LS entry which
also has Site value WS, tying the launch pad to its launch site.

As another example, the LP org code value LC2 is not unique; Site code PF and Site code CC each have an
LP with org code LC2. Internally in software searches are made by concatenating the Site and LP codes, e.g. ”CC
LC2”.

In other respects the Sites and LP databases are identical in structure with the Orgs one.
The Sites records are:

• Site - the Org Code for this launch site (or, for this time phase of this launch site, if it has multiple phases - i.e.
changed its name).

• Code - a blank entry (for back compatibility).

• UCode - the unified Org Code for all phases for this launch site.

• Type - the launch site type (LS, LC, LZ).

There are three types of Site:

– the Launch Zone (LZ), a geographically more or less compact zone grouping air and/or sea LPs;
– theLaunchCruise (LC), a temporally compact but geographically extended zone (possibly overmultiple
oceans) representing a research cruise expedition with multiple sea LPs;

– the Launch Site (LS), for everything else, i.e. land based launch sites.

Additional reserved site types for future use are

– LNZ - Landing zone
– TGT - Target impact location, e.g. for missiles

• StateCode - Org Code for the nation-state, IGO or other polity with responsibility for the launch site. This
is normally the country in which the site is located. Type of the state code must be CY, IGO or AP, and the
code must occur in the Organizations Database.

• TStart and TStop - start and stop time of this launch site phase. Given in year, month, day format (actually
Vague Date format. )

Null values are indicated by a dash or an asterisk. Null TStart means the start date of the organization is
unknown; Null Stop means that the organization is still in operation, or assumed to be so.

• ShortName - a short ASCII name of the site suitable for use in labels or tables, nominally a transliterated
representation of the name in the host country’s own language

• Name - a full name (up to 80 ASCII characters). Transliterated full name of the launch site, in host country’s
language. Where known, this is the formal name of the launch site.

• Location - City and locality of the launch site. In many cases this is given in the form UrbanArea-Suburb, e.g
”Los Angeles-El Segundo”.

• Longitude, Latitude, Error. - The values are geographic longitude (east-positive) and latitude in decimal
degrees.

The error field gives the uncertainty of the launch site location. Note that when a launch site contains multiple
launch pads or launch points, the position given for the site is a bit arbitrary, and you should consult the LP
(launch points) database for precise positions.

• Parent, when nonempty, provides an Org Code of the organization operating the launch site.

• ShortEName - Short name in English. Useful for summary information. Can be omitted when ShortName is
itself English.
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• Ename - Long (full) name in English.

• Group - At present, this field is used to group together ocean launch sites, lunar sites, and some unknown V2
launch areas. The field is likely to be repurposed in future releases.

• UName - Unicode version of full name in organization’s parent language.

III.1.1.3 Launch Points database

The Launch Points records are:

• Site - the Org UCode for the launch site of which this LP is a part. Every LP is part of a Launch Site.

• Code - an Org code for this LP (or for this phase of this LP, for LPs with multiple time phases).

• UCode - the unified Org Code for all phases for this LP.

• Type - the launch point type is always LP

• StateCode - this field is blank for LPs in the current release; the LP is considered to inherit the StateCode of
its Launch Site.

• TStart and TStop - start and stop time of this phase. Given in year, month, day format (actually Vague Date
format. )

Null values are indicated by a dash or an asterisk. Null TStart means the start date of the organization is
unknown; Null Stop means that the organization is still in operation, or assumed to be so.

• ShortName - a short ASCII name of the site suitable for use in labels or tables. often a concatenation of the
Site and LP codes.

• Name - a full name (up to 80 ASCII characters). Transliterated full name of the launch point, in host country’s
language.

• Location - City and locality of the launch point. In many cases this is given in the form UrbanArea-Suburb,
e.g ”Los Angeles-El Segundo”.

• Longitude, Latitude, Error. - The values are geographic longitude (east-positive) and latitude in decimal
degrees.

The error field gives the uncertainty of the launch point location. In contrast to the Organizations database, I
have attempted to find as accurate positions as possible for the LP values.

• Parent, when nonempty, provides an Org Code of the organization operating the launch site.

• ShortEName - Reserved for short name in English. Not used in the current release but retained for compati-
bility with the Orgs database format.

• Ename - Reserved for long name in English. Not used in the current release but retained for compatibility
with the Orgs database format.

• UName - Unicode version of full name in organization’s parent language. Not currently supplied for the LP
database, but I might fill it in in a future release.
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Part IV

Launch Platforms
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Chapter IV.1

Platforms

IV.1.1 Platform data structure

Some space launches are carried out from mobile structures which don’t have a fixed geographical location. I thus
distinguish between the ‘platform’ (the vehicle used as a launch platform) and the ‘site’ (the geographical location
at which the platform was located when the rocket separated from it).

Platforms which have been used to launch rockets include surface ships, submarines and aircraft. (I also
include the KSC pad 39 mobile launch platforms, just because I want to record which one was used for which launch
and it’s a useful database field to stash that particular information.)

I consider ship launches to fall into two main categories: individual launches from launch zones (LZ) and
launches on cruises (LC). In a cruise, a specific ship launches a series of rockets at different (sometimes widely
different) geographical locations (launch points). Conceptually I think of the cruise path as a launch site and the
launch points as different launch pads in that site. However, some launch points were used many times by different
ships and cruises. These frequently used launch locations (e.g. OJP, in the Pacific at 160E 0N) are instead defined
as a launch zone. Therefore, a cruise can consist of launches associated with the cruise’s own site (LC) value and
also with one or more standard LZs. For example, the Akademik Korolev (KORO) made a cruise in Feb-Mar 1973
(cruise GMS73A) which had launches from launch points LP1 to LP8 associated with site value GMS73A as well
as launches from frequently-visited Indian Ocean sites IO65, IOCOR, RODR, IOSWR and IO6540. I recognize that
this is a bit messy but I think making explicit that these sites are used by multiple ships and cruises is helpful.

The fields in the Platforms data file are

• Code: an Org Code for the platform (or for this time phase of the platform; alt phases for any platform
in the current list, except for the LC39 mobile launch platforms)

• UCode: Unified Org Code for the platform. Usually the same as the Code field.

• StateCode: Org code for the country owning the platform.

• Type: Type of platform. Types are PLAT (generic platform) SHIP, SUB, and AIR (with obvious meanings).

• Class: What kind of organization owns the platform (A,B,C, D as per the Orgs database. Most often D here,
as most platforms until recently were owned by the military).

• TStart and TStop - start and stop time of this launch site phase. Given in year, month, day format (actually
Vague Date format. )

Null values are indicated by a dash or an asterisk. Null TStart means the start date of the organization is
unknown; Null Stop means that the organization is still in operation, or assumed to be so.

• ShortName - a short ASCII name of the site suitable for use in labels or tables, nominally a transliterated
representation of the name in the host country’s own language
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• Name - a full name (up to 80 ASCII characters). Transliterated full name of the launch site, in host country’s
language. Where known, this is the formal name of the launch site.

• Location - City and locality of the launch site. In many cases this is given in the form UrbanArea-Suburb, e.g
”Los Angeles-El Segundo”.

• Longitude, Latitude, Error. - The values are geographic longitude (east-positive) and latitude in decimal
degrees.

The error field gives the uncertainty of the launch site location. Note that when a launch site contains multiple
launch pads or launch points, the position given for the site is a bit arbitrary, and you should consult the LP
(launch points) database for precise positions.

• Parent, when nonempty, provides an Org Code of the organization operating the launch site.

• ShortEName - Short name in English. Useful for summary information. Can be omitted when ShortName is
itself English.

• Ename - Long (full) name in English.

• VClass - vehicle class, used mainly to describe ship class.

• VClassID - identification serial within vehicle class

• VID - another field for identification serial for the platform, e.g. IMO number for ships, where applicable.

• Group Used to group together platforms in the later subsections of this document.

• UName - Unicode version of full name in organization’s parent language.

IV.1.2 Catalog of platforms

IV.1.3 Soviet Oceanographic Vessels

Updated: 2025 Jul 2 2254:28
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IV.1.3.1 Passat

Пассат

Credit: Photo from wrk.ru forums, file ”Passat (V88) 2016-11-23.pdf”.

The Passat launches are unusual in that they were almost all from the same location, 53N 35W, where Passat
remained during its research.

Note: Cruise data for SU012423 puts Passat at the usual 53N 35W location on 1989 Jan 31. I therefore
assume that PASS89A was also at that location for 1989 Feb 1-22. Similarly, SU012425 puts Passat at that location
on 1989 Apr 25, 1 week before the start of PASS89B. PASS90B starts a few days after SU111251 but that cruise was
more dynamic in location so it’s less clear what one can infer.

Rockets used: MMR-06

Updated: 2025 Jul 2 2254:28
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IV.1.3.2 Musson

Муссон

Credit: Photo from wrk.ru forums, file ”Passat (V88) 2016-11-23.pdf”.

Credit: -

Note: The cruise maps from NOAA often cover longer periods than the active period of rocket launching -
e.g. the Jan 1982 expedition is part of a cruise from Nov 1981 to Apr 1982 which goes back and forward across the
ocean, but during the 29 day period of MMR-06 launches the ship was roughly stationary at the MINIA location.

Note: The WDC-A/RS database gives positions for Musson’s Expedition 5 at 53N 35E, in the middle of the
Russian countryside - unlikely for a ship. I assume this is a mistake for its usual position at 53N 35W.

Location of Musson on both 1989May 31 (end of cruise SU012426) and 1989 Jul 1 (beginning of SU012114)
was at the MINIA location, so for Expedition 13 during the intervening month I assume it remained there.

Rockets used: MMR-06

Updated: 2025 Jul 2 2254:28
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IV.1.3.3 Volna

Волна

Credit: Photo from wrk.ru forums, file ”Passat (V88) 2016-11-23.pdf”.

Volna was renamed Briz in 1995.

Rockets used: MMR-06

Updated: 2025 Jul 2 2254:28
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IV.1.3.4 Priliv

Прилив

Credit: Photo from wrk.ru forum found via https://forums.airbase.ru/2016/04/t347823–nauchno-issledovatelskie-
suda.html

Credit: Photo from wrk.ru forums, file ”Passat (V88) 2016-11-23.pdf”.

Rockets used: MMR-06

Updated: 2025 Jul 2 2254:28
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IV.1.3.5 Viktor Bugaev

Виктор Бугаев

Credit: Unknown

Credit: Credit: User VAV on shipspotting.com http://www.shipspotting.com/gallery/photo.php?lid=1508599

IMO 7048427. Built 1971 as the Poryv. Renamed Viktor Bugayev. Last research expedition in 1998. Sold
to Ukraine Marine Ecology.

Operated by Odessa branch of Gosudarstvennoi Okeanographicheskiy Institut (State Oceanographic Institute,
under the GMS).

Rockets used: MMR-06

Updated: 2025 Jul 2 2254:28
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IV.1.3.6 Georgiy Ushakov

Георгий Ушаков

Credit: Photo from wrk.ru forums, file ”Passat (V88) 2016-11-23.pdf”.

Originally Shkval (‘squall’); renamed 1984 Nov. Owned by GOI/GMS Odessa.

Note: There is little evidence for the location of the 1989-1990 launches, but the ship is known to have been
in the same general area of the Atlantic as MINIA and so it seems likely that the launches were from there.

Rockets used: MMR-06

Updated: 2025 Jul 2 2254:28
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IV.1.3.7 Ernst Krenkel’

Эрнст Кренкель

Credit: -

Credit: -

Originally named Vikhr’ (‘vortex’). Renamed Ernst Krenkel’ in 1972.

Rockets used: MMR-06

Updated: 2025 Jul 2 2254:28
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IV.1.3.8 Yu. M. Shokal’skiy

Ю. М. Шокальский

Credit: -

The association of the 1966 Dec expedition with the Shokalskiy is speculative.

The WDC Rocket File gives spurious positions for the summer 1979 expedition. I assume a zero has been
dropped from the longitudes so that the ship was in mid-Pacific rather than the middle of Eastern Europe.

Rockets used: M-100

Updated: 2025 Jul 2 2254:28
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IV.1.3.9 A. I. Voeykov

А.И. Воейков

Credit: -

Note: In NSSDC/WDC-A/RS document 78-02, ”Launch Summary 1973-77”, and other derived NSSDC
rocket databases, some M-100 launches in 1973 are associated with a ship called ‘NOYEKOV’. It is now clear that
this was a typo and these launches were from the Voeykov.

Note: the online version of the NSSDC rocket file available from GSFC in the 1990s alas did not retain ship-
launch positions. I also understand the original records were discarded by WDC/A-RS, alas. The 1986 cruise has no
corresponding entry in the NOAA OCL WOD lists, so we don’t even know which ocean the launches were from.

Note: the association of the 1966 Dec expedition with the Voeykov is speculative.

Rockets used: M-100,M-100B

Updated: 2025 Jul 2 2254:28
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IV.1.3.10 Akademik Shirshov

Академик Ширшов

Credit: -

Also referred to as Akademik Pyotr Shirshov.

Note: launches in Jul-Sep 1973 attributed in the WDC Rocket File to the Shirshov, and originally labelled
Shirshov Exp. 4 by me, appear to actually be from the Korolev - several sources confirm the CIMO 1973 launches
at Kourou were from the Korolev.

Rockets used: M-100,M-100B

Updated: 2025 Jul 2 2254:28
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IV.1.3.11 Professor Vize

Профессор Визе

Credit: Unknown

GMS SSSR research ship operated by Arctic and Antarctic Research Inst., Leningrad. Built 1966. IMO
6707674. Mass: 5714 tons

Rockets used: MR-12,MR-20

Updated: 2025 Jul 2 2254:28
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IV.1.3.12 Professor Zubov

Профессор Зубов

Credit: Unknown

GMS SSSR research ship operated by Arctic and Antarctic Research Inst., Leningrad. In service 1967. Mass:
6900 tons. Code: 6602

Notes: the vessel for the 1969 Jul launches was not given in the WDC Rocket File, but the Shidrovskiy 2003
book (MRKS) reveals that these were the first weather rocket launches from the Zubov.

Rockets used: MR-12,MR-20

Updated: 2025 Jul 2 2254:28
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IV.1.3.13 Akademik Korolev

Академик Королёв

Credit: Unknown

There were two Soviet research ships associated with Korolev: the Akademik Korolev (this one) and the
Akademik Sergey Korolev (a larger space tracking ship). Thanks to Brian Harvey for drawing this to my attention.

Some launches are not associated with particular vessels in the WDC Rocket File but do have latitude and
longitude. The NOAA NODC (National Oceanographic Data Center) database (nodc.noaa.gov) gives cruise data for
particular vessels, with latitude and longitude versus time. was useful in identifiying some of these.

Rockets used: M-100,M-100B,Super Loki

Updated: 2025 Jul 2 2254:28
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IV.1.4 US Rocket Launch Research Vessels

Updated: 2025 Jul 2 2254:28
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IV.1.4.1 USS Atka

Credit: US Navy

The USCGC Southwind (WAG-280) was built in 1943 and transferred to the USSR in 1945-1949 as the
Admiral Makarov, then transferred to USN as AGB-3 USS Atka. In 1966 she went back to USCG as the WAGB-280
USCGC Southwind. It was retired in 1974.

Rockets used: Deacon Rockoon

Updated: 2025 Jul 2 2254:29
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IV.1.4.2 USS Glacier

Credit: US Navy

AGB-4 USS Glacier built 1954, trasnferred to USCG Jun 1966, retired 1987.

Rockets used: Loki Rockoon

Updated: 2025 Jul 2 2254:29

IV-185



C
ru
is
es
:A

G
B
-4

LC
_C

od
e

Ac
ti

ve
Re

gi
on

Cr
ui

se
Cr

ui
se

Ma
p

US
N5

7B
19

57
Se

p
23

-
19

57
No

v
10

At
la

nt
ic

an
d

Pa
ci

fi
c

Oc
ea

ns
19

57
NR

L
US

S
Gl

ac
ie

r
cr

ui
se

,
At

la
nt

ic
an

d
Pa

ci
fi

c
Oc

ea
ns

IV-186



Updated: 2025 Jul 2 2254:29

IV-187



L
au
nc
he
s:
A
G
B
-4

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
57

Se
p

26
18

21
Lo

ki
Ro

ck
oo

n
SU

I
74

IG
Y

II
5.

50
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
1

-
-

1.
0W

0.
8N

(+
/-

0.
0)

10
0.

0
19

57
Se

p
27

14
27

Lo
ki

Ro
ck

oo
n

SU
I

75
IG

Y
II

5.
51

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

2
-

-
1.

0W
0.

8N
(+

/-
0.

0)
11

9.
0

19
57

Oc
t

4
20

36
Lo

ki
Ro

ck
oo

n
SU

I
76

IG
Y

II
5.

52
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
3

-
-

1.
0W

0.
8N

(+
/-

0.
0)

11
3.

0
19

57
Oc

t
13

18
15

Lo
ki

Ro
ck

oo
n

SU
I

77
IG

Y
II

5.
53

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

4
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

Oc
t

14
22

31
Lo

ki
Ro

ck
oo

n
SU

I
78

IG
Y

II
5.

54
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
5

-
-

1.
0W

0.
8N

(+
/-

0.
0)

11
3.

0
19

57
Oc

t
16

21
17

Lo
ki

Ro
ck

oo
n

SU
I

79
IG

Y
II

5.
55

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

6
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

Oc
t

17
00

09
Lo

ki
Ro

ck
oo

n
SU

I
80

IG
Y

II
5.

56
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
7

-
-

1.
0W

0.
8N

(+
/-

0.
0)

0.
0

19
57

Oc
t

17
02

18
Lo

ki
Ro

ck
oo

n
SU

I
81

IG
Y

II
5.

57
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
8

-
-

1.
0W

0.
8N

(+
/-

0.
0)

10
.0

19
57

Oc
t

17
21

16
Lo

ki
Ro

ck
oo

n
SU

I
82

IG
Y

II
5.

58
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
9

-
-

1.
0W

0.
8N

(+
/-

0.
0)

44
.0

19
57

Oc
t

18
00

59
Lo

ki
Ro

ck
oo

n
SU

I
83

IG
Y

II
5.

59
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
10

-
-

1.
0W

0.
8N

(+
/-

0.
0)

12
7.

0
19

57
Oc

t
18

09
35

Lo
ki

Ro
ck

oo
n

SU
I

84
IG

Y
II

5.
60

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

11
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

.0
19

57
Oc

t
18

20
58

Lo
ki

Ro
ck

oo
n

SU
I

85
IG

Y
II

5.
61

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

12
-

-
1.

0W
0.

8N
(+

/-
0.

0)
12

1.
0

19
57

Oc
t

19
00

59
Lo

ki
Ro

ck
oo

n
SU

I
86

IG
Y

II
5.

62
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
13

-
-

1.
0W

0.
8N

(+
/-

0.
0)

12
1.

0
19

57
Oc

t
19

20
07

Lo
ki

Ro
ck

oo
n

II
5.

63
F

IG
Y

II
5.

63
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
14

-
-

1.
0W

0.
8N

(+
/-

0.
0)

12
2.

0
19

57
Oc

t
20

02
19

Lo
ki

Ro
ck

oo
n

II
5.

64
F

IG
Y

II
5.

64
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
15

-
-

1.
0W

0.
8N

(+
/-

0.
0)

10
4.

0
19

57
Oc

t
20

03
57

?
Lo

ki
Ro

ck
oo

n
II

5.
65

F
IG

Y
II

5.
65

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

16
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

Oc
t

20
20

11
Lo

ki
Ro

ck
oo

n
II

5.
66

F
IG

Y
II

5.
66

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

17
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

Oc
t

22
22

31
Lo

ki
Ro

ck
oo

n
II

5.
67

F
IG

Y
II

5.
67

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

18
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

Oc
t

26
19

47
Lo

ki
Ro

ck
oo

n
II

5.
68

F
IG

Y
II

5.
68

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

19
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

Oc
t

27
02

46
Lo

ki
Ro

ck
oo

n
II

5.
69

F
IG

Y
II

5.
69

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

20
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

.0
19

57
Oc

t
29

00
13

Lo
ki

Ro
ck

oo
n

II
5.

70
F

IG
Y

II
5.

70
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
21

-
-

1.
0W

0.
8N

(+
/-

0.
0)

8.
0

19
57

Oc
t

30
22

50
Lo

ki
Ro

ck
oo

n
II

5.
71

F
IG

Y
II

5.
71

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

22
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

Oc
t

31
01

44
Lo

ki
Ro

ck
oo

n
II

5.
72

F
IG

Y
II

5.
72

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

23
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

Oc
t

31
19

51
Lo

ki
Ro

ck
oo

n
II

5.
73

F
IG

Y
II

5.
73

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

24
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

No
v

1
01

00
Lo

ki
Ro

ck
oo

n
II

5.
74

F
IG

Y
II

5.
74

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

25
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

.0
19

57
No

v
3

20
08

Lo
ki

Ro
ck

oo
n

II
5.

75
F

IG
Y

II
5.

75
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
26

-
-

1.
0W

0.
8N

(+
/-

0.
0)

10
.0

19
57

No
v

4
00

39
Lo

ki
Ro

ck
oo

n
II

5.
76

F
IG

Y
II

5.
76

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

27
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

No
v

4
02

50
Lo

ki
Ro

ck
oo

n
II

5.
77

F
IG

Y
II

5.
77

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

28
-

-
1.

0W
0.

8N
(+

/-
0.

0)
11

3.
0

19
57

No
v

4
03

47
Lo

ki
Ro

ck
oo

n
II

5.
78

F
IG

Y
II

5.
78

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

29
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

.0
19

57
No

v
4

07
16

Lo
ki

Ro
ck

oo
n

II
5.

79
F

IG
Y

II
5.

79
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
30

-
-

1.
0W

0.
8N

(+
/-

0.
0)

10
.0

19
57

No
v

4
18

52
Lo

ki
Ro

ck
oo

n
II

5.
80

F
IG

Y
II

5.
80

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

31
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

.0
19

57
No

v
5

01
25

Lo
ki

Ro
ck

oo
n

II
5.

81
F

IG
Y

II
5.

81
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
32

-
-

1.
0W

0.
8N

(+
/-

0.
0)

10
0.

0
19

57
No

v
5

20
23

Lo
ki

Ro
ck

oo
n

II
5.

82
F

IG
Y

II
5.

82
F

AG
B-

4
US

S
Gl

ac
ie

r
US

N5
7B

LP
33

-
-

1.
0W

0.
8N

(+
/-

0.
0)

97
.0

19
57

No
v

5
23

17
Lo

ki
Ro

ck
oo

n
II

5.
83

F
IG

Y
II

5.
83

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

34
-

-
1.

0W
0.

8N
(+

/-
0.

0)
10

0.
0

19
57

No
v

8
22

00
Lo

ki
Ro

ck
oo

n
II

5.
84

F
IG

Y
II

5.
84

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

35
-

-
1.

0W
0.

8N
(+

/-
0.

0)
11

0.
0

19
57

No
v

9
00

00
Lo

ki
Ro

ck
oo

n
II

5.
85

F
IG

Y
II

5.
85

F
AG

B-
4

US
S

Gl
ac

ie
r

US
N5

7B
LP

36
-

-
1.

0W
0.

8N
(+

/-
0.

0)
11

0.
0

IV-188



IV.1.4.3 USS Staten Island

Credit: US Navy

Built 1942 as USCGC Staten Island (WAGB-278), transferred to USSR as Sverny Veter, then returned to
USN in 1951 at USS Northwind (AGB-5), renamed USS Staten Island 15 Apr 1952, transferred to USCG in 1965,
retired 1974.

The USS Staten Island was based at Boston Naval Shipyard from 1952 to May 1955, and at Seattle from 1955
to 1973.

The 1953 expedition was part of Project Muskrat. The Staten Island left Boston on 1953 Jul 18 (Ludwig
2011).

Rockets used: Deacon Rockoon

Updated: 2025 Jul 2 2254:29
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IV.1.4.4 USS Eastwind

Credit: US Navy

Ludwig (2011) reports that the Eastwind departed Thule, Greenland on 1952 Jul 29, the SUI team having
flown to Thule to join it there. After a voyage to Alert Base (62.3E 82.5N) the Eastwind proceeded to Murchison
Sound for the launches, and returned to Thule on 1952 Sep 5.

Rockets used: Deacon Rockoon

Updated: 2025 Jul 2 2254:29
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IV.1.4.5 USS Norton Sound

Credit: US Navy

Rockets used: Aerobee RTV-N-8,Aerobee RTV-N-10,Viking,X-17,Deacon,Hydra-Iris,Hydra Sandhawk

Updated: 2025 Jul 2 2254:29
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IV.1.4.6 USS Ashland

Credit: US Navy

Built 1942, recommissioned 1950, retired 1969.

The USS Ashland was based in Boston.

Rockets used: Loki Rockoon,Deacon Rockoon,Deacon-Loki Rockoon

Updated: 2025 Jul 2 2254:29
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IV.1.4.7 USS Rushmore

Credit: US Navy

Built 1944, retired 1993.

Rockets used: Nike Cajun

Updated: 2025 Jul 2 2254:29
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IV.1.4.8 USS Colonial

Credit: US Navy

Built 1945, retired 1993

Rockets used: Deacon Rockoon

Updated: 2025 Jul 2 2254:29
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IV.1.4.9 USS Plymouth Rock

Credit: US Navy

Rockets used: Loki Rockoon

Updated: 2025 Jul 2 2254:29
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IV.1.4.10 USS Point Defiance

Credit: US Navy

Rockets used: Nike Asp,Arcas

Updated: 2025 Jul 2 2254:29
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IV.1.4.11 USNS Croatan, Wallops Mobile Range Facility

Credit: NASA

Built 1942 as USS Croatan; Became non-commissioned USNS Croatan in 1958. Assigned to NASA Oct
1964-May 1965. Scrapped 1971.

Rockets used: Nike Apache,Nike Cajun,Arcas,Loki Dart

Updated: 2025 Jul 2 2254:29
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IV.1.4.12 USNS Range Recoverer

Credit: US Navy

Built 1944 as FS-278, converted to MSTS T-AG-161 in 1960, and then to T-AGM-2/USNS Range Recoverer
in Nov 1960.

Note: A Feb 1966 mid-Atlantic Arcas launch was reported by the IRIG Meteorological Working Group
(Document 109-62, Vol LIV, Feb 1966 Firings) as being from ‘Ship Sierra’. This might be the USS Sierra, but
there’s no other indication it was ever involved in weather rocket firings. It seems more likely that ‘Sierra’ is just a
code letter S in the phonetic alphabet (perhaps as Quebec and Victor were associated with the range ships Coastal
Sentry and Rose Knot). I further speculate that the firing was a proof of concept precursor to the Zorba eclipse firings,
and that Ship Sierra was in fact the Range Recoverer; obviously this is a rather tenuous guess.

Rockets used: Boosted Arcas

Updated: 2025 Jul 2 2254:29
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IV.1.4.13 USNS Wheeling

Credit: US Navy

The commercial ship Seton Hall Victory was built in 1945 and converted to the missile range instrumentation
ship AGM-8Wheeling, for PacificMissile Range support. It supported the Lawrence Livermore Lab Hydra sounding
rocket program.

Rockets used: Hydra-Iris,Hydra Sandhawk

Updated: 2025 Jul 2 2254:29
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IV.1.4.14 USAS American Mariner

Credit: US Navy

Credit: US Navy

The TS American Mariner operated as a USCG training ship from 1941 to 1953. In 1953 it was transferred
to the US Army and became the USAS American Mariner; it supported the US Army/ARPA DAMP reentry tracking
project in 1959-63, during which it launched at least one Arcas rocket off the coast of Cape Canaveral. In 1963-4 it
was transferred briefly to the USAF and then in Jan 1964 to the US Navy as USNS American Mariner. The ship was
retired in 1966.

Rockets used: Arcas
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IV.1.5 US Missile Test Launch Vessels

Updated: 2025 Jul 2 2254:29
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IV.1.5.1 USS Midway

Credit: US Navy

Midway was built in 1942 and retired in 1992. A V-2 was launched from its deck in Sep 1947.

Rockets used: V-2

Updated: 2025 Jul 2 2254:29
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IV.1.5.2 USS Hazelwood

Credit: US Navy

Rockets used: Pogo Hi

Updated: 2025 Jul 2 2254:29
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IV.1.5.3 USS Kyes

Credit: US Navy

Rockets used: Loki Dart

Updated: 2025 Jul 2 2254:29
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IV.1.5.4 USS Shelton

Credit: US Navy

Rockets used: Loki Dart

Updated: 2025 Jul 2 2254:29
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IV.1.5.5 USS Warrington

Credit: US Navy

Rockets used: Loki Dart

Updated: 2025 Jul 2 2254:29
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IV.1.5.6 USNS Observation Island

Credit: US Navy

The Empire State Mariner was built in 1953 for United States Lines and the US Maritime Commission. It
was transferred to the USN in 1956 and redesignated EAG-154 (Experimental Miscellaneous Auxiliary) Observation
Island. It was redesignated AG-154 in Apr 1968, placed in reserve 1972-79 and then used by Military Sealift
Command as the missile range instrumentation ship USNS Observation Island, designated T-AGM-23. It was retired
in 2014.

Rockets used: Polaris AX,Polaris A1,Polaris A2,Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:29
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IV.1.5.7 Unknown US Terrier missile ship

The DAT-371 experiment of Project Defender used a Redstone missile as the target for a Terrier missile
launched from an unknown US ship off San Nicolas Island in Dec 1965.

Rockets used: Terrier

Updated: 2025 Jul 2 2254:29

IV-251



L
au
nc
he
s:
SH

IP
-U
S

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
65

De
c

1
01

28
:2

0?
Te

rr
ie

r
DA

T-
37

1
In

te
rc

ep
t

-
SH

IP
-U

S
Un

kn
ow

n
US

Te
rr

ie
r

mi
ss

il
e

sh
ip

SN
I

-
-

-
11

9.
5W

33
.2

N
(+

/-
0.

0)
8.

0

IV-252



IV.1.5.8 US Army Mobile Launch Platform

Credit: US Navy

The Mobile Launch Platform (MLP) was converted from the LPH-10 USS Tripoli in 2002. It was leased
from USN by US Army SMDC for the MDA.

Rockets used: Lance,Scud

Updated: 2025 Jul 2 2254:29
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IV.1.6 US Aegis Missile Ships

Updated: 2025 Jul 2 2254:29
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IV.1.6.1 USS Richmond K. Turner

Credit: US Navy photo

The Richmond K. Turner was used in 1992-95 to launch the Terrier/LEAP tests, which were precursors to the
SM-3 AEGIS.

Rockets used: Terrier LEAP

Updated: 2025 Jul 2 2254:29
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IV.1.6.2 USS Jouett

Credit: US Navy photo

The Jouett was used in 1992 to launch a Terrier/LEAP test. Designation DLG-29 from 1964 to 1975; then
CG-29.

Rockets used: Terrier LEAP

Updated: 2025 Jul 2 2254:29
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IV.1.6.3 USS Shiloh

Credit: US Navy photo

The Shiloh was used to launch Aegis SM-3 missiles.

Rockets used: SM-3

Updated: 2025 Jul 2 2254:29
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IV.1.6.4 USS Lake Erie

Credit: US Navy photo

Rockets used: SM-3,SM-2-IV,SM-2MR,SM-3-IB

Updated: 2025 Jul 2 2254:29
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IV.1.6.5 USS Arleigh Burke

Rockets used: SM-3

Updated: 2025 Jul 2 2254:29
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IV.1.6.6 USS John Paul Jones

Credit: US Navy photo

Rockets used: SM-6,SM-3-IB,SM-2MR,SM-2-IV,SM-3-IIA

Updated: 2025 Jul 2 2254:29
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IV.1.6.7 USS Paul Hamilton

Credit: US Navy photo

Rockets used: SM-3

Updated: 2025 Jul 2 2254:29
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IV.1.6.8 USS Fitzgerald

Credit: US Navy photo

Rockets used: SM-3

Updated: 2025 Jul 2 2254:29
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IV.1.6.9 USS Carney

Rockets used: SM-3

Updated: 2025 Jul 2 2254:29
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IV.1.6.10 USS Benfold

Credit: US Navy photo

Rockets used: SM-2-IV

Updated: 2025 Jul 2 2254:29
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IV.1.6.11 USS The Sullivans

Credit: US Navy photo

Rockets used: SM-2-IV

Updated: 2025 Jul 2 2254:29
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IV.1.6.12 USS Hopper

Credit: US Navy photo

Rockets used: SM-3,SM-3-IB

Updated: 2025 Jul 2 2254:29
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IV.1.6.13 USS Ross

Credit: US Navy photo

Rockets used: SM-3

Updated: 2025 Jul 2 2254:29
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IV.1.6.14 USS Decatur

Credit: US Navy photo

Rockets used: SM-3

Updated: 2025 Jul 2 2254:29
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IV.1.6.15 USS McFaul

Credit: US Navy photo

Rockets used: SM-6

Updated: 2025 Jul 2 2254:29
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IV.1.6.16 USS Donald Cook

Credit: US Navy photo

Rockets used: SM-3-IB

Updated: 2025 Jul 2 2254:29
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IV.1.6.17 USS O’Kane

Credit: US Navy photo

Rockets used: SM-3

Updated: 2025 Jul 2 2254:30
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IV.1.6.18 USS Roosevelt

Credit: US Navy photo

Rockets used: SM-3-IB

Updated: 2025 Jul 2 2254:30
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IV.1.6.19 USS McCampbell

Rockets used: SM-3-IIA

Updated: 2025 Jul 2 2254:30
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IV.1.6.20 USS Preble

Rockets used: SM-6

Updated: 2025 Jul 2 2254:30
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IV.1.6.21 USS John Finn

Credit: US Navy photo

Rockets used: SM-3-IIA

Updated: 2025 Jul 2 2254:30
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IV.1.6.22 USS Ralph Johnson

Rockets used: SM-6

Updated: 2025 Jul 2 2254:30

IV-301



L
au
nc
he
s:
D
D
G
-1
14

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

20
21

Ju
l

24
SM

-6
-

-
DD

G-
11

4
US

S
Ra

lp
h

Jo
hn

so
n

KA
U

PO
A

-
-

15
9.

8W
22

.1
N

(+
/-

0.
0)

20
.0

20
21

Ju
l

24
SM

-6
-

-
DD

G-
11

4
US

S
Ra

lp
h

Jo
hn

so
n

KA
U

PO
A

-
-

15
9.

8W
22

.1
N

(+
/-

0.
0)

20
.0

20
21

Ju
l

24
SM

-6
-

-
DD

G-
11

4
US

S
Ra

lp
h

Jo
hn

so
n

KA
U

PO
A

-
-

15
9.

8W
22

.1
N

(+
/-

0.
0)

20
.0

20
21

Ju
l

24
SM

-6
-

-
DD

G-
11

4
US

S
Ra

lp
h

Jo
hn

so
n

KA
U

PO
A

-
-

15
9.

8W
22

.1
N

(+
/-

0.
0)

20
.0

IV-302



IV.1.6.23 USS Paul Ignatius

Rockets used: SM-3

Updated: 2025 Jul 2 2254:30
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IV.1.6.24 USS Daniel Inouye

Rockets used: SM-6

Updated: 2025 Jul 2 2254:30
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IV.1.6.25 USS Carl Levin

Rockets used: SM-3

Updated: 2025 Jul 2 2254:30
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IV.1.6.26 JS Kongo

Credit: US Navy photo

The Kongo, first of the Japanese AEGIS ships, was used to launch Aegis SM-3 missiles.

Rockets used: SM-3

Updated: 2025 Jul 2 2254:30
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IV.1.6.27 JS Kirishima

Credit: US Navy photo

Rockets used: SM-3

Updated: 2025 Jul 2 2254:30
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IV.1.6.28 JS Myoko

Credit: US Navy photo

Rockets used: SM-3

Updated: 2025 Jul 2 2254:30
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IV.1.6.29 JS Chokai

Credit: US Navy photo

Rockets used: SM-3

Updated: 2025 Jul 2 2254:30
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IV.1.6.30 JS Atago

Credit: US Navy photo

Rockets used: SM-3-IB

Updated: 2025 Jul 2 2254:30
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IV.1.6.31 JS Ashigara

IV.1.6.32 JS Maya

Rockets used: SM-3-IIA

Updated: 2025 Jul 2 2254:30
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IV.1.6.33 JS Haguro

Rockets used: SM-3-IB

Updated: 2025 Jul 2 2254:30
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IV.1.6.34 Unknown Aegis ship

Rockets used: SM-6

Updated: 2025 Jul 2 2254:30
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IV.1.7 Indian Navy Missile Ships

Updated: 2025 Jul 2 2254:30
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IV.1.7.1 INS Subhadra

Credit: Indian Navy

The Subhadra is the launch platform for Indian Navy test launches.

Some launches indicated as ”INS-P51?” may be from INS-P52 instead.

Rockets used: Dhanush,PDV Target

Updated: 2025 Jul 2 2254:30
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IV.1.7.2 INS Suvarna

Credit: Indian Navy

The Suvarna is a launch platform for Indian Navy test launches.

Rockets used: Dhanush

Updated: 2025 Jul 2 2254:30
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IV.1.7.3 INS Rajput

Credit: Indian Navy

The Rajput was used as a Dhanush test platform.

Rockets used: Dhanush

Updated: 2025 Jul 2 2254:30
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IV.1.8 Other Rocket Launching Ships

Updated: 2025 Jul 2 2254:30
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IV.1.8.1 Tai Rui CCOCOOOO 37101 CZ-11 launch barge

CCOCOOOO 37101 CZ-11 launch barge (TAI RUI?)

Credit: CALT? via weibo.com Credit: -

The CCOC (CCOCOOOO 37101) is the launch barge for the CZ-11SL orbital launch vehicle.

Rockets used: Chang Zheng 11,Jielong-3

Updated: 2025 Jul 2 2254:30
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IV.1.8.2 Debo-3 launch barge

Debo-3

Credit: [credit unknown]

Credit: www.news.cn

Credit: [credit unknown]

The Debo-3 barge was introduced for the second CZ-11 sea launch. Its home port is the Shandong Eastern

IV-337



Spaceport at Haiyang.

Rockets used: Chang Zheng 11

Updated: 2025 Jul 2 2254:30
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IV.1.8.3 DEFU 15002 launch barge

Rockets used: Chang Zheng 11,Gushenxing 1

Updated: 2025 Jul 2 2254:30
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IV.1.8.4 Bo Run Jiu Zhou

Credit: via cnspaceflight on twitter

The Bo Run Jiu Zhou was used for the second JL-3 launch.

Rockets used: Jielong-3,Chang Zheng 11

Updated: 2025 Jul 2 2254:30
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IV.1.8.5 Dongfeng Hangtiangang

东方航天港号

Rockets used: Yinli-1,Gushenxing 1,Jielong-3

Updated: 2025 Jul 2 2254:30
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IV.1.8.6 Unknown Israeli ship

From 1990 to 1999 Arrow 1 interceptors were test-launched from a ship (or ships) in the Mediterranean
against targets launched from Palmachim. The Sa’ar 4.5 class boat INS Hetz, or similar, seems to me to be a plausible
candidate.

Rockets used: Arrow 1

Updated: 2025 Jul 2 2254:30
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IV.1.8.7 Sirius barge, Anhueng

Credit: (via Dave Schmerler on twitter; original source unknown)

SIRIUS is the launch barge for Hyunmoo missile test flights off Anhueng.

Rockets used: Hyunmoo-2C,ADD TV1,ADD TV2

Updated: 2025 Jul 2 2254:30
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IV.1.8.8 Sea Launch Odyssey

Credit: Sea Launch

The Odyssey was the launch platform for the orbital Zenit-3SL rocket. In 2020, following its sale to the S7
group, it was moved from Long Beach to Vladivostok.

Rockets used: Zenit-3SL

Updated: 2025 Jul 2 2254:30
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IV.1.8.9 Once In A Lifetime

Rockets used: Evo Space

Updated: 2025 Jul 2 2254:30
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IV.1.9 Soviet Missile Submarines - Project 611

Credit: Apa’lkov et al 2006

Credit: From Polmar and Moore, Cold War Submarines

Credit: (c) A.D. Baker, III; from Polmar and Moore, Cold War Submarines

Credit: Apa’lkov et al 2006

The Project 611 submarines and the later AV611 verson were the USSR’s first ballistic missile submarines.
They carried the R-11FM missile. NATO codename: Zulu.

Updated: 2025 Jul 2 2254:30

IV-354



So
vi
et
M
is
si
le
Su

bm
ar
in
es
-P

ro
je
ct
61
1

Sh
ip

Tr
an

sl
it

er
at

io
n

Im
ag

e
CO

DE
Ag

en
cy

Cl
as

s
Cl

as
sI

D
Al

tI
D

Ac
ti

ve

Б-
62

B-
62

su
bm

ar
in

e
-

B-
62

VM
F

Pr
oe

kt
B-

61
1A

B-
62

-
-

-
-

Б-
67

B-
67

su
bm

ar
in

e
-

B-
67

VM
F

Pr
oe

kt
B-

61
1A

V
B-

67
-

-
-

-
Б-
73

B-
73

su
bm

ar
in

e
-

B-
73

VM
F

Pr
oe

kt
B-

61
1A

V
B-

73
-

-
-

-
Б-
78

B-
78

Mu
rm

an
sk

i
Ko

ms
om

ol
et

s
su

bm
ar

in
e

-
B-

78
VM

F
Pr

oe
kt

B-
61

1A
V

B-
78

-
-

-
-

Б-
79

B-
79

su
bm

ar
in

e
-

B-
79

VM
F

Pr
oe

kt
B-

61
1A

V
B-

79
-

-
-

-
Б-
89

B-
89

su
bm

ar
in

e
-

B-
89

VM
F

Pr
oe

kt
B-

61
1A

V
B-

89
-

-
-

-
АВ

-6
11

Un
kn

ow
n

Zu
lu

V
cl

as
s

su
bm

ar
in

e
-

ZU
LU

V
VM

F
Pr

oe
kt

B-
61

1A
V

-
-

-
-

-

IV-355



IV.1.9.1 B-62 submarine

Б-62

B-62 was the first Soviet ballistic missile submarine, under Project 611A. It carried a single R-11FM missile as the
D-1 launch system. NATO reporting name was ZULU IV.

Rockets used: R-11FM

Updated: 2025 Jul 2 2254:30
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IV.1.9.2 B-67 submarine

Б-67

Rockets used: R-11FM

Updated: 2025 Jul 2 2254:30
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IV.1.9.3 B-73 submarine

Б-73

IV.1.9.4 B-78 Murmanski Komsomolets submarine

Б-78

IV.1.9.5 B-79 submarine

Б-79

IV.1.9.6 B-89 submarine

Б-89

IV.1.9.7 Unknown Zulu V class submarine

АВ-611

Rockets used: R-13

Updated: 2025 Jul 2 2254:30
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IV.1.10 Soviet Missile Submarines - Project 613D4

Credit: Apa’lkov et al 2006

The single Project 613 submarine was S-229. It tested launch ejection of the R-21 and R-27 missiles at the
Black Sea test site.

Updated: 2025 Jul 2 2254:30
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IV.1.10.1 S-229 Submarine

С-229

Rockets used: R-21,Zyb

Updated: 2025 Jul 2 2254:30
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IV.1.11 Soviet Missile Submarines - Project 629

Credit: Apa’lkov et al 2006

Credit: Apa’lkov et al 2006

Credit: From Polmar and Moore, Cold War Submarines

Project 629 submarines, NATO codename Golf I, had the D-1 and D-2 launch systems with R-11FM and
R-13 missiles respectively. Some were later converted to Project 629A, which see.

Updated: 2025 Jul 2 2254:30
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IV.1.11.1 Unknown 629 (Golf) submarine

629

Rockets used: R-13

Updated: 2025 Jul 2 2254:30
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IV.1.11.2 K-61 Submarine

К-61

IV.1.11.3 K-83 Submarine

К-83

IV.1.11.4 K-102 Submarine

К-102

IV.1.11.5 K-107 Submarine

К-107

IV.1.11.6 K-110 Submarine

К-110

IV.1.11.7 K-113 Submarine

К-113

IV-370



IV.1.11.8 K-118 Submarine

К-118

Credit: From Polmar and Moore, Cold War Submarines

Rockets used: Vysota

Updated: 2025 Jul 2 2254:31
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IV.1.11.9 K-136 Submarine

К-136

IV.1.11.10 K-153 Submarine

К-153

Credit: Apa’lkov et al 2006

Rockets used: R-39

Updated: 2025 Jul 2 2254:31

IV-373



L
au
nc
he
s:
K
-1
53

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
78

De
c

29
R-

39
BR

-I
I-

1
ej

ec
t

te
st

-
K-

15
3

K-
15

3
Su

bm
ar

in
e

CH
M

-
-

-
34

.0
E

44
.0

N
(+

/-
0.

5)
1.

0
19

79
Ja

n?
R-

39
BR

-I
I-

2
ej

ec
t

te
st

-
K-

15
3

K-
15

3
Su

bm
ar

in
e

CH
M

-
-

-
34

.0
E

44
.0

N
(+

/-
0.

5)
1.

0
19

79
Ja

n?
R-

39
BR

-I
I-

3
ej

ec
t

te
st

-
K-

15
3

K-
15

3
Su

bm
ar

in
e

CH
M

-
-

-
34

.0
E

44
.0

N
(+

/-
0.

5)
1.

0
19

79
Ja

n?
R-

39
BR

-I
I-

4
ej

ec
t

te
st

-
K-

15
3

K-
15

3
Su

bm
ar

in
e

CH
M

-
-

-
34

.0
E

44
.0

N
(+

/-
0.

5)
1.

0
19

79
Ja

n?
R-

39
BR

-I
I-

5
ej

ec
t

te
st

-
K-

15
3

K-
15

3
Su

bm
ar

in
e

CH
M

-
-

-
34

.0
E

44
.0

N
(+

/-
0.

5)
1.

0
19

79
Ja

n?
R-

39
BR

-I
I-

6
ej

ec
t

te
st

-
K-

15
3

K-
15

3
Su

bm
ar

in
e

CH
M

-
-

-
34

.0
E

44
.0

N
(+

/-
0.

5)
1.

0
19

79
Se

p?
R-

39
BR

-I
I-

7
ej

ec
t

te
st

-
K-

15
3

K-
15

3
Su

bm
ar

in
e

CH
M

-
-

-
34

.0
E

44
.0

N
(+

/-
0.

5)
1.

0

IV-374



IV.1.12 Soviet Missile Submarines - Project 629A

Credit: (c) A.D. Baker, III; from Polmar and Moore, Cold War Submarines

Project 629A submarines (NATO name Golf II) were used to launch the R-21 missile using the D-4 system.

Updated: 2025 Jul 2 2254:31
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IV.1.12.1 K-36 submarine

К-36

IV.1.12.2 K-72 Submarine

К-72

IV.1.12.3 K-75 Submarine

К-75

IV.1.12.4 K-79 Submarine

К-79

Rockets used: R-21

Updated: 2025 Jul 2 2254:31
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IV.1.12.5 K-88 Submarine

К-88

Rockets used: R-21

Updated: 2025 Jul 2 2254:31
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IV.1.12.6 K-91 submarine

К-91

Rockets used: R-21

Updated: 2025 Jul 2 2254:31
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IV.1.12.7 K-93 Submarine

К-93

IV.1.12.8 K-96 Submarine

К-96

IV.1.12.9 K-99 Submarine

К-99

IV.1.12.10 K-126 Submarine

К-126

IV.1.12.11 K-129 Submarine (Proekt 629)

К-129

IV.1.12.12 K-139 Submarine

К-139

IV-383



IV.1.12.13 K-142 Submarine

К-142

Rockets used: R-21

Updated: 2025 Jul 2 2254:31
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IV.1.12.14 K-163 Submarine

К-163

IV.1.13 Soviet Missile Submarines - Project 658

Credit: Apa’lkov et al 2006
Credit: Apa’lkov et al 2006

Credit: (c) A.D. Baker, III; from Polmar and Moore, Cold War Submarines

The Project 658 (NATO code, Hotel) submarine supported the D-2 launch system with three R-13 missiles.

Updated: 2025 Jul 2 2254:31
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IV.1.13.1 K-16 submarine

К-16

Rockets used: R-21

Updated: 2025 Jul 2 2254:31
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IV.1.13.2 K-19 Submarine

К-19

Credit: From Polmar and Moore, Cold War Submarines

Rockets used: R-21

Updated: 2025 Jul 2 2254:31

IV-390



L
au
nc
he
s:
K
-1
9

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
62

De
c?

R-
21

R-
21

4K
55

LK
I-

II
I-

14
MG

Ch
4G

55
/R

A3
K-

19
K-

19
Su

bm
ar

in
e

UN
KP

L
-

-
-

-
30

0.
0

19
63

De
c

14
R-

21
R-

21
4K

55
UB

P
MG

Ch
4G

55
/R

A3
K-

19
K-

19
Su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
30

0.
0

19
66

R-
21

R-
21

4K
55

UB
P

MG
Ch

4G
55

/R
A3

K-
19

K-
19

Su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

30
0.

0
19

73
Ma

r
18

R-
21

R-
21

4K
55

UB
P

MG
Ch

4G
55

/R
A3

K-
19

K-
19

Su
bm

ar
in

e
UN

KP
L

-
-

-
-

30
0.

0
19

75
Ma

r
18

R-
21

R-
21

4K
55

UB
P

MG
Ch

4G
55

/R
A3

K-
19

K-
19

Su
bm

ar
in

e
UN

KP
L

-
-

-
-

30
0.

0

IV-391



IV.1.13.3 K-33 submarine

К-33

Rockets used: R-21

Updated: 2025 Jul 2 2254:31
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IV.1.13.4 K-40 submarine

К-40

IV.1.13.5 K-55 submarine

К-55

IV.1.13.6 K-145 Submarine

К-145

Rockets used: Vysota

Updated: 2025 Jul 2 2254:31
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IV.1.13.7 K-149 Submarine

К-149

IV.1.13.8 K-178 Submarine

К-178

Rockets used: R-21

Updated: 2025 Jul 2 2254:31

IV-396



L
au
nc
he
s:
K
-1
78

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
71

R-
21

R-
21

4K
55

UB
P

MG
Ch

4G
55

/R
A3

K-
17

8
K-

17
8

Su
bm

ar
in

e
UN

KP
L

-
-

-
-

30
0.

0

IV-397



IV.1.14 Soviet Missile Submarines - Project 667/667A

Credit: Apa’lkov et al 2006

Credit: Apa’lkov et al 2006

Credit: (c) A.D. Baker, III; from Polmar and Moore, Cold War Submarines

Credit: From Polmar and Moore, Cold War Submarines

The Project 667A Navaga submarines (NATO codename YANKEE) carried 16 R-27 missiles. The K-140
was later converted to Project 667AM Navaga-M, with the R-31 missile.

Some 667 submarines were converted to 667AT and 667M variants without ballistic missiles.

Updated: 2025 Jul 2 2254:31
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IV.1.14.1 K-26 submarine

К-26

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31
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IV.1.14.2 K-32 submarine

К-32

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31
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IV.1.14.3 K-137 Submarine

К-137

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31
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IV.1.14.4 K-140 Submarine

К-140

Credit: Apa’lkov et al 2006

Rockets used: Zyb,R-31

Updated: 2025 Jul 2 2254:31
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IV.1.14.5 K-207 Submarine

К-207

IV.1.14.6 K-210 Submarine

К-210

IV.1.14.7 K-214 Submarine

К-214

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31
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IV.1.14.8 K-216 Submarine

К-216

IV.1.14.9 K-219 Submarine

К-219

IV.1.14.10 K-228 submarine

К-228

Rockets used: Zyb R-27U

Updated: 2025 Jul 2 2254:31
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IV.1.14.11 K-236 submarine

К-236

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31
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IV.1.14.12 K-241 submarine

К-241

IV.1.14.13 K-245 submarine

К-245

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31

IV-414
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IV.1.14.14 K-249 Submarine

К-249

IV.1.14.15 K-252 submarine

К-252

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31

IV-416
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IV.1.14.16 K-253 Submarine

К-253

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31

IV-418
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IV.1.14.17 K-258 Submarine

К-258

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31

IV-420
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IV.1.14.18 K-339 Submarine

К-339

IV.1.14.19 K-389 submarine

К-389

IV.1.14.20 K-395 submarine

К-395

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31
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IV.1.14.21 K-403 submarine

К-403

IV.1.14.22 K-408 Submarine

К-408

IV.1.14.23 K-411 Submarine

К-411

IV.1.14.24 K-415 Submarine

К-415

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31
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IV.1.14.25 K-418 Submarine

К-418

Rockets used: Zyb

Updated: 2025 Jul 2 2254:31
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IV.1.14.26 K-420 Submarine

К-420

IV.1.14.27 K-423 Submarine

К-423

Rockets used: Zyb

Updated: 2025 Jul 2 2254:32
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IV.1.14.28 K-426 Submarine

К-426

IV.1.14.29 K-430 Submarine

К-430

Rockets used: Zyb

Updated: 2025 Jul 2 2254:32
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IV.1.14.30 K-434 Submarine

К-434

Rockets used: Zyb

Updated: 2025 Jul 2 2254:32

IV-432



L
au
nc
he
s:
K
-4
34

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
73

?
Zy

b
R-

27
4K

10
UB

P
MG

Ch
4G

10
/R

A1
5

K-
43

4
K-

43
4

Su
bm

ar
in

e
UN

KP
L

-
-

-
-

62
0.

0
19

73
?

Zy
b

R-
27

4K
10

UB
P

MG
Ch

4G
10

/R
A1

5
K-

43
4

K-
43

4
Su

bm
ar

in
e

UN
KP

L
-

-
-

-
62

0.
0

19
73

?
Zy

b
R-

27
4K

10
UB

P
MG

Ch
4G

10
/R

A1
5

K-
43

4
K-

43
4

Su
bm

ar
in

e
UN

KP
L

-
-

-
-

62
0.

0
19

73
?

Zy
b

R-
27

4K
10

UB
P

MG
Ch

4G
10

/R
A1

5
K-

43
4

K-
43

4
Su

bm
ar

in
e

UN
KP

L
-

-
-

-
62

0.
0

IV-433



IV.1.14.31 K-436 Submarine

К-436

Rockets used: Zyb

Updated: 2025 Jul 2 2254:32

IV-434



L
au
nc
he
s:
K
-4
36

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
79

No
v

Zy
b

R-
27

U
3M

20
U

UB
P

3
BB

RA
83

K-
43

6
K-

43
6

Su
bm

ar
in

e
UN

KP
L

-
-

-
-

62
0.

0

IV-435



IV.1.14.32 K-444 submarine

К-444

Rockets used: Zyb

Updated: 2025 Jul 2 2254:32
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IV.1.14.33 K-446 submarine

К-446

IV.1.14.34 K-451 submarine

К-451

IV.1.15 Soviet Missile Submarines - Project 667B

Credit: Apa’lkov et al 2006

Credit: Apa’lkov et al 2006

Project 667B Murena submarines (NATO codename Delta I) carried 12 R-29 missiles.

Updated: 2025 Jul 2 2254:32
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IV.1.15.1 K-171 Submarine

К-171

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.15.2 K-279 Submarine

К-279

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.15.3 K-336 submarine

К-336

IV.1.15.4 K-385 submarine

К-385

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.15.5 K-417 Submarine

К-417

IV.1.15.6 K-447 Kislovodsk Submarine

К-447 Кисловодск

Rockets used: Vysota,Volna

Updated: 2025 Jul 2 2254:32
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IV.1.15.7 K-450 submarine

К-450

IV.1.15.8 K-457 Submarine

К-457

Rockets used: Vysota,Volna

Updated: 2025 Jul 2 2254:32

IV-448
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IV.1.15.9 K-460 Submarine

К-460

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32

IV-450
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IV.1.15.10 K-465 Submarine

К-465

IV.1.15.11 K-472 Submarine

К-472

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32

IV-452
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IV.1.15.12 K-475 Submarine

К-475

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.15.13 K-477 Submarine

К-477

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.15.14 K-497 Submarine

К-497

IV.1.15.15 K-500 Submarine

К-500

IV.1.15.16 K-512 submarine

К-512

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.15.17 K-523 submarine

К-523

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.15.18 K-530 submarine

К-530

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.16 Soviet Missile Submarines - Project 667BD

Credit: [credit unknown]

Credit: Apa’lkov et al 2006

Credit: From Polmar and Moore, Cold War Submarines

Credit: From Polmar and Moore, Cold War Submarines

Project 667BD Murena-M submarines (NATO designation Delta II) carried 16 R-29 missiles.

Updated: 2025 Jul 2 2254:32
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IV.1.16.1 Unknown 667BD (Murena-M, Delta 2) class submarine

667БД

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32

IV-466



L
au
nc
he
s:
D
E
LT

A
2

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
86

Se
p

Vy
so

ta
R-

29
4K

75
D

UB
P

MG
Ch

DE
LT

A2
Un

kn
ow

n
66

7B
D

(M
ur

en
a-

M,
De

lt
a

2)
cl

as
s

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
00

.0

IV-467



IV.1.16.2 K-92 Submarine

К-92

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32

IV-468



L
au
nc
he
s:
K
-9
2

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
82

Ap
r

23
Vy

so
ta

R-
29

4K
75

D
UB

P
MG

Ch
K-

92
K-

92
Su

bm
ar

in
e

ST
AN

NA
-

-
-

69
.0

E
80

.0
N

(+
/-

1.
0)

10
00

.0
19

82
Ap

r
23

Vy
so

ta
R-

29
4K

75
D

UB
P

MG
Ch

K-
92

K-
92

Su
bm

ar
in

e
ST

AN
NA

-
-

-
69

.0
E

80
.0

N
(+

/-
1.

0)
10

00
.0

19
82

Ju
n

18
Vy

so
ta

R-
29

4K
75

D
UB

P
Sh

ch
it

-8
2

AB
M

Ta
rg

et
K-

92
K-

92
Su

bm
ar

in
e

NP
OL

E
-

-
-

0.
0E

90
.0

N
(+

/-
9.

0)
10

00
.0

19
83

Vy
so

ta
R-

29
4K

75
D

UB
P

MG
Ch

K-
92

K-
92

Su
bm

ar
in

e
UN

KP
L

-
-

-
-

10
00

.0
19

84
Ju

l?
Vy

so
ta

R-
29

4K
75

D
UB

P
MG

Ch
K-

92
K-

92
Su

bm
ar

in
e

ST
AN

NA
-

-
-

69
.0

E
80

.0
N

(+
/-

1.
0)

10
00

.0
19

86
Au

g?
Vy

so
ta

R-
29

4K
75

D
UB

P
MG

Ch
K-

92
K-

92
Su

bm
ar

in
e

UN
KP

L
-

-
-

-
0.

0
19

92
Ju

n?
Vy

so
ta

R-
29

4K
75

DU
UB

P
MG

Ch
K-

92
K-

92
Su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

00
.0

IV-469



IV.1.16.3 K-182 60 Let Velikogo Oktyabria Submarine

К-182 60 лет Великого Октября

IV.1.16.4 K-193 Submarine

К-193

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.16.5 K-421 Submarine

К-421

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.17 Soviet Missile Submarines - Project 667BDR

Credit: Apa’lkov et al 2006
Credit: Apa’lkov et al 2006

Credit: (c) A.D. Baker, III; from Polmar and Moore, Cold War Submarines

Credit: From Polmar and Moore, Cold War Submarines

Project 667BDR Kalmar submarines (NATO designation Delta III) carried 16 R-29R missiles.

Updated: 2025 Jul 2 2254:32
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IV.1.17.1 K-44 Ryazan Submarine

К-44 Рязань

Rockets used: Volna

Updated: 2025 Jul 2 2254:32
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IV.1.17.2 K-129 Submarine (Proekt 667BDR)

К-129

Rockets used: Volna

Updated: 2025 Jul 2 2254:32
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IV.1.17.3 K-180 Submarine

К-180

Rockets used: Vysota

Updated: 2025 Jul 2 2254:32
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IV.1.17.4 K-211 Petropavlovsk-Kamchatkskiy submarine

К-211 Петропавловск-Камчатский

Rockets used: Volna

Updated: 2025 Jul 2 2254:32
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IV.1.17.5 K-223 Podolsk submarine

К-233 Подольск

Rockets used: Vysota,Volna

Updated: 2025 Jul 2 2254:32
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IV.1.17.6 K-424 Submarine

К-424

Rockets used: Volna

Updated: 2025 Jul 2 2254:32
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IV.1.17.7 K-433 Svyaity Georgiy Pobedonosets

К-433 Святой Георгий Победоносец

Rockets used: Vysota,Volna

Updated: 2025 Jul 2 2254:32

IV-488
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IV.1.17.8 K-441 submarine

К-441

Rockets used: Volna

Updated: 2025 Jul 2 2254:32

IV-490
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IV.1.17.9 K-449 submarine

К-449

IV.1.17.10 K-455 submarine

К-455

IV.1.17.11 K-487 Submarine

К-487

Rockets used: Volna

Updated: 2025 Jul 2 2254:32

IV-492
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IV.1.17.12 K-490 Submarine

К-490

Rockets used: Volna

Updated: 2025 Jul 2 2254:32
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IV.1.17.13 K-496 Borisoglebsk submarine

К-496 Борисоглебск

Rockets used: Volna

Updated: 2025 Jul 2 2254:32

IV-496
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IV.1.17.14 K-506 Zelenograd submarine

К-506 Зеленоград

Rockets used: Volna

Updated: 2025 Jul 2 2254:32

IV-498
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IV.1.17.15 Unknown Kalmar (667 BDR, Delta III) class sub

667БДР Кальмар

Rockets used: Volna

Updated: 2025 Jul 2 2254:33

IV-500
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IV.1.18 Soviet Missile Submarines - Project 667BDRM

Project 667BDRM Delfin submarines (NATO designation Delta IV) carried 16 R-29RMU Sineva missiles.

Updated: 2025 Jul 2 2254:33
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IV.1.18.1 Unknown 667BDRM (Delfin, Delta 4) class submarine

667БДРМ

Rockets used: Shtil’

Updated: 2025 Jul 2 2254:33

IV-504
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IV.1.18.2 K-18 Karelia submarine

К-18 Карелия

Credit: Apa’lkov et al 2006

Rockets used: Shtil’,Sineva

Updated: 2025 Jul 2 2254:33

IV-506
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IV.1.18.3 K-51 Verkhoturiye Submarine

К-51 Верхоту́рье

Credit: Apa’lkov et al 2006

Rockets used: Shtil’,Sineva

Updated: 2025 Jul 2 2254:33

IV-508
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IV.1.18.4 K-64 Podmoskovye Submarine

К-64 Подмоско́вье

Rockets used: Shtil’

Updated: 2025 Jul 2 2254:33
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IV.1.18.5 K-84 Ekaterinburg Submarine

К-84 Екатеринбург

Rockets used: Shtil’,Sineva,Shtil’-1,Layner

Updated: 2025 Jul 2 2254:33

IV-512
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IV.1.18.6 K-114 Tula Submarine

К-114 Тула

Rockets used: Sineva,Layner

Updated: 2025 Jul 2 2254:33

IV-514
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IV.1.18.7 K-117 Bryansk Submarine

К-117 Брянск

Rockets used: Sineva

Updated: 2025 Jul 2 2254:33

IV-516
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IV.1.18.8 K-407 Novomoskvosk Submarine

К-407 Новомосковск

Rockets used: Shtil’,Shtil’-1,Sineva

Updated: 2025 Jul 2 2254:33

IV-518
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IV.1.19 Soviet Missile Submarines - Project 941

Credit: (c) A.D. Baker, III; from Polmar and Moore, Cold War Submarines

Credit: Apa’lkov et al 2006
Credit: From Polmar and Moore, Cold War Submarines

Credit: Apa’lkov et al 2006

The Акула (Akula, shark) class Project 941 submarine had the NATO reporting name Typhoon. Each Akula
submarine carried 20 R-39 Rif missiles (D-19 launch system). TK-208 was later converted to test lauch the Bulava
missile.

Updated: 2025 Jul 2 2254:33
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IV.1.19.1 TK-12 Simbirsk submarine

ТК-12 Симбирск

Rockets used: R-39,R-39U

Updated: 2025 Jul 2 2254:33
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IV.1.19.2 TK-13 submarine

ТК-13

Rockets used: R-39U,R-39

Updated: 2025 Jul 2 2254:33
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IV.1.19.3 TK-17 Arkhangelsk submarine

ТК-17 Архангельск

Credit: Apa’lkov et al 2006

Rockets used: R-39U,R-39

Updated: 2025 Jul 2 2254:33

IV-526
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IV.1.19.4 TK-20 Severstal submarine

ТК-20 Северсталь

Rockets used: R-39,R-39U,Shtil’

Updated: 2025 Jul 2 2254:33

IV-528



L
au
nc
he
s:
T
K
-2
0

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
92

Oc
t

12
R-

39
-

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BE

LA
-

-
-

38
.0

E
65

.5
N

(+
/-

1.
0)

10
00

.0
19

92
Oc

t
12

R-
39

-
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BE
LA

-
-

-
38

.0
E

65
.5

N
(+

/-
1.

0)
10

00
.0

19
92

Oc
t

12
R-

39
-

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BE

LA
-

-
-

38
.0

E
65

.5
N

(+
/-

1.
0)

10
00

.0
19

95
Au

g
25

R-
39

U
3M

65
U

UB
P

10
BB

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

NP
OL

E
-

-
-

0.
0E

90
.0

N
(+

/-
9.

0)
10

00
.0

19
96

No
v

4?
R-

39
U

3M
65

U
UB

P
10

BB
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
NP

OL
E

-
-

-
0.

0E
90

.0
N

(+
/-

9.
0)

10
00

.0
19

97
De

c
3

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

3
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
3

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

3
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
3

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

3
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
3

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

3
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
3

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

3
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
3

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

3
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
4

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

4
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
4

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

4
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
4

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

4
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

97
De

c
4

R-
39

Ar
ms

co
nt

ro
l

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
.0

19
97

De
c

4
R-

39
Ar

ms
co

nt
ro

l
-

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BL
A

-
-

-
34

.0
E

70
.0

N
(+

/-
0.

5)
10

.0
19

99
No

v
17

R-
39

U
3M

65
U

UB
P

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
00

.0
19

99
No

v
17

R-
39

U
3M

65
U

UB
P

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
00

.0
19

99
De

c?
R-

39
-

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
NP

OL
E

-
-

-
0.

0E
90

.0
N

(+
/-

9.
0)

10
00

.0
20

01
Se

p
27

Sh
ti

l'
-

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
00

.0
20

01
Se

p
27

Sh
ti

l'
-

-
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
00

.0
20

01
Oc

t
18

08
00

R-
39

U
3M

65
U

UB
P

10
BB

TK
-2

0
TK

-2
0

Se
ve

rs
ta

l
su

bm
ar

in
e

BE
LA

-
-

-
38

.0
E

65
.5

N
(+

/-
1.

0)
10

00
.0

20
01

Oc
t

18
10

00
R-

39
U

3M
65

U
UB

P
10

BB
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BE

LA
-

-
-

38
.0

E
65

.5
N

(+
/-

1.
0)

10
00

.0
20

02
Oc

t
12

09
55

Sh
ti

l'
R-

29
RM

3M
37

U
4

BB
3G

95
TK

-2
0

TK
-2

0
Se

ve
rs

ta
l

su
bm

ar
in

e
BL

A
-

-
-

34
.0

E
70

.0
N

(+
/-

0.
5)

10
00

.0

IV-529



IV.1.19.5 TK-202 submarine

ТК-202

Rockets used: R-39

Updated: 2025 Jul 2 2254:33
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IV.1.19.6 TK-208 Dmitriy Donskoy submarine

ТК-208 Дмитрий Донской

Credit: Apa’lkov et al 2006

In 2003 the TK-208 Project 941 submarine was converted to Project 941UM, carrying Bulava missiles. It
was named Dmitriy Donskoy in 2002.

Rockets used: R-39,Bulava

Updated: 2025 Jul 2 2254:33
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IV.1.20 Soviet Missile Submarines - Project 955

Credit: From Polmar and Moore, Cold War Submarines

The Project 955 Borey submarines were built to launch the Bulava missile.

Updated: 2025 Jul 2 2254:33
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IV.1.20.1 K-535 Yuriy Dolgorukiy submarine

К-535 Юрий Долгорукий

Rockets used: Bulava

Updated: 2025 Jul 2 2254:33
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IV.1.20.2 K-549 Knyaz Vladimir submarine

К-549 Князь Владимир

Rockets used: Bulava

Updated: 2025 Jul 2 2254:33
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IV.1.20.3 K-550 Aleksandr Nevskiy submarine

К-550 Александр Невский

Rockets used: Bulava

Updated: 2025 Jul 2 2254:33

IV-540
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IV.1.20.4 K-551 Vladimir Monomakh

К-551 Владимир Мономах

Rockets used: Bulava

Updated: 2025 Jul 2 2254:33
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IV.1.20.5 K-552 Knyaz Oleg

К-552 Князь Олег

Rockets used: Bulava

Updated: 2025 Jul 2 2254:33

IV-544
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IV.1.20.6 K-553 Generalissimus Suvorov

К-553 Генералиссимус Суворов

Rockets used: Bulava

Updated: 2025 Jul 2 2254:33
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IV.1.20.7 K-554 Imperator Aleksandr Tretii

К-554 Император Александр III

Rockets used: Bulava

Updated: 2025 Jul 2 2254:33

IV-548
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IV.1.21 Soviet Missile Submarines - Launches from unknown sub

Missile launches noted in this section were from unknown Soviet submarines.

Updated: 2025 Jul 2 2254:33

IV-550
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IV.1.21.1 Unknown Soviet/Russian sub

Rockets used: R-21,Zyb R-27K,Vysota,Zyb,Volna,R-39,Shtil’

Updated: 2025 Jul 2 2254:33

IV-552
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IV.1.22.1 USS George Washington

Credit: USN

Rockets used: Polaris A1,Polaris A3

Updated: 2025 Jul 2 2254:33

IV-561



L
au
nc
he
s:
SS

B
N
-5
98

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
60

Ju
l

20
17

39
Po

la
ri

s
A1

-
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

60
Ju

l
20

20
32

Po
la

ri
s

A1
-

-
SS

BN
-5

98
US

S
Ge

or
ge

Wa
sh

in
gt

on
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
50

0.
0

19
60

Ju
l

30
20

20
Po

la
ri

s
A1

-
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

60
Au

g
1

17
10

Po
la

ri
s

A1
-

-
SS

BN
-5

98
US

S
Ge

or
ge

Wa
sh

in
gt

on
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
1.

0
19

62
Ju

l
27

Po
la

ri
s

A1
OR

RT
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

62
Ju

l
27

Po
la

ri
s

A1
OR

RT
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

62
Ju

l
27

Po
la

ri
s

A1
OR

RT
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

62
Ju

l
27

Po
la

ri
s

A1
OR

RT
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

66
Ma

r
31

16
00

Po
la

ri
s

A3
-

-
SS

BN
-5

98
US

S
Ge

or
ge

Wa
sh

in
gt

on
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
66

Ap
r

14
16

00
Po

la
ri

s
A3

-
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

72
Fe

b
4

16
15

Po
la

ri
s

A3
DA

SO
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

74
Fe

b
6

Po
la

ri
s

A3
FO

T
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

WT
R

LP
5

-
-

11
9.

0W
33

.0
N

(+
/-

3.
0)

10
00

.0
19

74
Fe

b
6

Po
la

ri
s

A3
FO

T
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

WT
R

LP
5

-
-

11
9.

0W
33

.0
N

(+
/-

3.
0)

10
00

.0
19

74
Fe

b
6

Po
la

ri
s

A3
FO

T
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

WT
R

LP
5

-
-

11
9.

0W
33

.0
N

(+
/-

3.
0)

10
00

.0
19

74
Fe

b
6

Po
la

ri
s

A3
FO

T
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

WT
R

LP
5

-
-

11
9.

0W
33

.0
N

(+
/-

3.
0)

10
00

.0
19

74
Fe

b
6

Po
la

ri
s

A3
FO

T
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

WT
R

LP
5

-
-

11
9.

0W
33

.0
N

(+
/-

3.
0)

10
00

.0
19

78
Se

p
20

16
00

Po
la

ri
s

A3
DA

SO
-

SS
BN

-5
98

US
S

Ge
or

ge
Wa

sh
in

gt
on

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0

IV-562



IV.1.22.2 USS Patrick Henry

Credit: USN

Rockets used: Polaris A1,Polaris A2,Polaris A3

Updated: 2025 Jul 2 2254:33
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IV.1.22.3 USS Theodore Roosevelt

Credit: wikimedia.org

Rockets used: Polaris A1,Polaris A2,Polaris A3

Updated: 2025 Jul 2 2254:33
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IV.1.22.4 USS Robert E Lee

Credit: USN

Rockets used: Polaris A1,Polaris A2,Polaris A3

Updated: 2025 Jul 2 2254:33
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IV.1.22.5 USS Abraham Lincoln

Credit: USN

Rockets used: Polaris A1,Polaris A3

Updated: 2025 Jul 2 2254:33
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IV.1.22.6 USS Ethan Allen

Credit: USN

Rockets used: Polaris A1,Polaris A2,Polaris A2E,Polaris A3

Updated: 2025 Jul 2 2254:33
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IV.1.22.7 USS Thomas A Edison

Credit: USN

Rockets used: Polaris A2,Polaris A2E,Polaris A3

Updated: 2025 Jul 2 2254:33
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IV.1.22.8 USS Sam Houston

Credit: USN

Rockets used: Polaris A2,Polaris A3

Updated: 2025 Jul 2 2254:33

IV-575



L
au
nc
he
s:
SS

B
N
-6
09

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
62

Ap
r

25
16

50
:2

6
Po

la
ri

s
A2

-
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

62
Ma

y
9

22
15

:2
4

Po
la

ri
s

A2
SD

AP
(D

AS
O)

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

.0
19

62
Ma

y
11

18
26

:0
4

Po
la

ri
s

A2
-

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
63

Oc
t

24
Po

la
ri

s
A2

-
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

63
Oc

t
24

Po
la

ri
s

A2
-

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
63

Oc
t

24
Po

la
ri

s
A2

-
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

63
Oc

t
24

Po
la

ri
s

A2
-

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
63

Oc
t

24
Po

la
ri

s
A2

-
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

63
Oc

t
24

Po
la

ri
s

A2
-

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
68

Ja
n

15
17

43
Po

la
ri

s
A2

-
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
.0

19
68

Ja
n

31
17

00
Po

la
ri

s
A2

DE
FT

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
69

Oc
t

20
Po

la
ri

s
A2

OT
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

69
Oc

t
20

Po
la

ri
s

A2
OT

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
69

Oc
t

20
Po

la
ri

s
A2

OT
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

69
Oc

t
20

Po
la

ri
s

A2
OT

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
69

Oc
t

20
Po

la
ri

s
A2

OT
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

69
Oc

t
20

Po
la

ri
s

A2
OT

-
SS

BN
-6

09
US

S
Sa

m
Ho

us
to

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
69

Oc
t

20
Po

la
ri

s
A2

OT
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

75
Ap

r
26

15
10

Po
la

ri
s

A3
DA

SO
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

76
Se

p
7

Po
la

ri
s

A3
FO

T
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

WT
R

LP
5

-
-

11
9.

0W
33

.0
N

(+
/-

3.
0)

10
00

.0
19

76
Se

p
7

Po
la

ri
s

A3
FO

T
-

SS
BN

-6
09

US
S

Sa
m

Ho
us

to
n

WT
R

LP
5

-
-

11
9.

0W
33

.0
N

(+
/-

3.
0)

10
00

.0

IV-576



IV.1.22.9 USS John Marshall

Credit: USN

Rockets used: Polaris A2,Polaris A2E,Polaris A3

Updated: 2025 Jul 2 2254:33
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IV.1.22.10 USS Thomas Jefferson

Credit: USN

Rockets used: Polaris A2,Polaris A2E,Polaris A3

Updated: 2025 Jul 2 2254:33
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IV.1.22.11 USS Lafayette

Credit: USN

Rockets used: Polaris A2,Polaris A2E,Poseidon C3

Updated: 2025 Jul 2 2254:33
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IV.1.22.12 USS Alexander Hamilton

Credit: USN

Rockets used: Polaris A2,Polaris A2E,Poseidon C3

Updated: 2025 Jul 2 2254:33
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IV.1.22.13 USS Andrew Jackson

Credit: USN

Rockets used: Polaris A2,Polaris A3,Polaris A2E,Poseidon C3

Updated: 2025 Jul 2 2254:33

IV-585



L
au
nc
he
s:
SS

B
N
-6
19

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
63

Oc
t

1
19

39
:0

5
Po

la
ri

s
A2

PY
-1

?
DA

SO
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
63

Oc
t

16
16

30
:0

2
Po

la
ri

s
A2

PY
-1

?
DA

SO
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
63

Oc
t

26
16

14
:0

4
Po

la
ri

s
A3

-
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
63

No
v

11
18

48
:0

5
Po

la
ri

s
A3

-
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
63

No
v

16
16

54
:4

2
Po

la
ri

s
A2

-
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
66

Se
p

28
Po

la
ri

s
A2

FO
T

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

66
Se

p
28

Po
la

ri
s

A2
FO

T
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
67

No
v

25
Po

la
ri

s
A2

FO
T

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

67
No

v
25

Po
la

ri
s

A2
FO

T
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
67

No
v

25
Po

la
ri

s
A2

FO
T

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

67
No

v
25

Po
la

ri
s

A2
FO

T
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
69

Se
p

18
16

00
Po

la
ri

s
A2

E
-

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

69
No

v
15

17
00

Po
la

ri
s

A2
E

-
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
75

Oc
t

10
23

00
:0

2
Po

se
id

on
C3

DA
SO

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

78
Ap

r
11

21
59

Po
se

id
on

C3
OT

-3
2

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

78
Ap

r
11

21
59

Po
se

id
on

C3
OT

-3
2

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

78
Ap

r
11

22
00

Po
se

id
on

C3
OT

-3
2

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

78
Ap

r
11

22
00

Po
se

id
on

C3
OT

-3
2

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

82
Ma

y
25

Po
se

id
on

C3
FO

T-
46

?
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
50

0.
0

19
82

Ma
y

25
Po

se
id

on
C3

FO
T-

46
?

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0
19

82
Ma

y
25

Po
se

id
on

C3
FO

T-
46

?
-

SS
BN

-6
19

US
S

An
dr

ew
Ja

ck
so

n
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
50

0.
0

19
82

Ma
y

25
23

13
Po

se
id

on
C3

FO
T-

46
?

-
SS

BN
-6

19
US

S
An

dr
ew

Ja
ck

so
n

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

50
0.

0

IV-586



IV.1.22.14 USS John Adams

Credit: USN

Rockets used: Polaris A2,Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:33
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IV.1.22.15 USS James Monroe

Credit: USN

Rockets used: Polaris A2,Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:33
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IV.1.22.16 USS Nathan Hale

Credit: USN

Rockets used: Polaris A2,Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:33
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IV.1.22.17 USS Woodrow Wilson

Credit: USN

Rockets used: Polaris A2,Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:33
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IV.1.22.18 USS Henry Clay

Credit: USN

Rockets used: Polaris A2,Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.19 USS Daniel Webster

Credit: wikipedia.org

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.20 USS James Madison

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.21 USS Tecumseh

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.22 USS Daniel Boone

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.23 USS John C Calhoun

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.24 USS Ulysses S Grant

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.25 USS Von Steuben

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.26 USS Casimir Pulaski

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.27 USS Stonewall Jacskon

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.28 USS Sam Rayburn

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.29 USS Nathanael Greene

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34

IV-617
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IV.1.22.30 USS Benjamin Franklin

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34

IV-619
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IV.1.22.31 USS Simon Bolivar

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.32 USS Kamehameha

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.33 USS George Bancroft

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.34 USS Lewis and Clark

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.35 USS James K Polk

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.36 USS George C Marshall

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.37 USS Henry L Stimson

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.38 USS George Washington Carver

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.22.39 USS Francis Scott Key

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.40 USS Mariano G Vallejo

Credit: USN

Rockets used: Polaris A3,Poseidon C3,Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.22.41 USS Will Rogers

Credit: USN

Rockets used: Polaris A3,Poseidon C3

Updated: 2025 Jul 2 2254:34
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IV.1.23 US Navy Trident Submarines

Updated: 2025 Jul 2 2254:34
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IV.1.23.1 USS Ohio

Credit: H. Gerwein

Rockets used: Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.23.2 USS Michigan

Credit: US Navy

Rockets used: Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.23.3 USS Florida

Credit: USN

Rockets used: Trident C-4

Updated: 2025 Jul 2 2254:34
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IV.1.23.4 USS Georgia

Credit: USN

Rockets used: Trident C-4

Updated: 2025 Jul 2 2254:34

IV-652



L
au
nc
he
s:
SS

B
N
-7
29

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
84

Ap
r

7
07

20
Tr

id
en

t
C-

4
DA

SO
-

SS
BN

-7
29

US
S

Ge
or

gi
a

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

94
Ma

r
28

18
06

:5
5

Tr
id

en
t

C-
4

-
18

1?
-

SS
BN

-7
29

US
S

Ge
or

gi
a

ET
R

LP
5

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

94
Ma

r
28

18
07

?
Tr

id
en

t
C-

4
-

-
SS

BN
-7

29
US

S
Ge

or
gi

a
ET

R
LP

5
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
94

Ma
r

28
18

07
?

Tr
id

en
t

C-
4

-
-

SS
BN

-7
29

US
S

Ge
or

gi
a

ET
R

LP
5

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

94
Ma

r
28

18
07

?
Tr

id
en

t
C-

4
-

-
SS

BN
-7

29
US

S
Ge

or
gi

a
ET

R
LP

5
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

IV-653



IV.1.23.5 USS Henry M. Jackson

Credit: US Navy

Rockets used: Trident C-4,Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.6 USS Alabama

Credit: US Navy

Rockets used: Trident C-4,Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.7 USS Alaska

Credit: US Navy

Rockets used: Trident C-4,Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.8 USS Nevada

Credit: US Navy

Rockets used: Trident C-4,Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.9 USS Tennessee

Credit: USN

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.10 USS Pennsylvania

Credit: US Navy

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.11 USS West Virginia

Credit: US Navy

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.12 USS Kentucky

Credit: USN

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.13 USS Maryland

Credit: USN

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.14 USS Nebraska

Credit: USN

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.15 USS Rhode Island

Credit: USN

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.16 USS Maine

Credit: USN

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:34
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IV.1.23.17 USS Wyoming

Credit: USN

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:35
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IV.1.23.18 USS Louisiana

Credit: USN

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:35

IV-680



L
au
nc
he
s:
SS

B
N
-7
43

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
97

De
c

18
Tr

id
en

t
D-

5
-

(7
7s

s)
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

20
01

Ju
n

25
23

16
Tr

id
en

t
D-

5
-

-
SS

BN
-7

43
US

S
Lo

ui
si

an
a

ET
R

LP
5

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
20

01
Ju

n
25

23
16

Tr
id

en
t

D-
5

-
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
ET

R
LP

5
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

20
01

Ju
n

26
01

13
Tr

id
en

t
D-

5
-

-
SS

BN
-7

43
US

S
Lo

ui
si

an
a

ET
R

LP
5

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
20

02
Ap

r
24

Tr
id

en
t

D-
5

-
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
ET

R
LP

5
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

20
02

Ap
r

24
20

23
Tr

id
en

t
D-

5
-

-
SS

BN
-7

43
US

S
Lo

ui
si

an
a

ET
R

LP
5

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
20

02
Ap

r
25

Tr
id

en
t

D-
5

-
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
ET

R
LP

5
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

20
08

Au
g

25
Tr

id
en

t
D-

5
-

(1
23

ss
)

-
SS

BN
-7

43
US

S
Lo

ui
si

an
a

WT
R

LP
5

-
-

11
9.

0W
33

.0
N

(+
/-

3.
0)

10
00

.0
20

08
Au

g
25

Tr
id

en
t

D-
5

-
(1

24
ss

)
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
WT

R
LP

5
-

-
11

9.
0W

33
.0

N
(+

/-
3.

0)
10

00
.0

20
14

Se
p

12
13

00
Tr

id
en

t
D-

5
-

(1
51

s)
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
WT

R
SC

L
LP

2
-

-
11

9.
0W

33
.0

N
(+

/-
3.

0)
10

00
.0

20
14

Se
p

12
13

00
Tr

id
en

t
D-

5
-

(1
52

s)
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
WT

R
SC

L
LP

2
-

-
11

9.
0W

33
.0

N
(+

/-
3.

0)
10

00
.0

20
14

Se
p

12
13

00
Tr

id
en

t
D-

5
-

(1
53

s)
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
WT

R
SC

L
LP

2
-

-
11

9.
0W

33
.0

N
(+

/-
3.

0)
10

00
.0

20
23

Se
p

27
21

10
Tr

id
en

t
D-

5
-

(1
91

s)
-

SS
BN

-7
43

US
S

Lo
ui

si
an

a
WT

R
LP

13
-

-
11

9.
0W

33
.0

N
(+

/-
3.

0)
10

00
.0

IV-681



IV.1.24 UK Royal Navy Missile Submarines

Updated: 2025 Jul 2 2254:35
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IV.1.24.1 HMS Resolution (UK01)

Credit: USN

HMS Resolution carried Polaris A3 missiles. It was launched in 1967 and retired in 1994. In 1984 it was
updated to use the Chevaline payload.

Rockets used: Polaris A3

Updated: 2025 Jul 2 2254:35
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IV.1.24.2 HMS Repulse (UK03)

Credit: US Navy

HMS Repulse was launched in 1967 and retired in 1996.

Rockets used: Polaris A3

Updated: 2025 Jul 2 2254:35

IV-686



L
au
nc
he
s:
U
K
-S
23

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
69

Ma
r

27
16

00
:0

3
Po

la
ri

s
A3

UK
DA

SO
-0

3
-

UK
-S

23
HM

S
Re

pu
ls

e
(U

K0
3)

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

69
Ap

r
14

16
30

Po
la

ri
s

A3
UK

DA
SO

-0
4

-
UK

-S
23

HM
S

Re
pu

ls
e

(U
K0

3)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
73

Fe
b

13
16

29
:5

9
Po

la
ri

s
A3

DA
SO

-
UK

-S
23

HM
S

Re
pu

ls
e

(U
K0

3)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
79

Fe
b

20
17

00
Po

la
ri

s
A3

DA
SO

?
-

UK
-S

23
HM

S
Re

pu
ls

e
(U

K0
3)

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

87
Ap

r
16

09
25

Po
la

ri
s

A3
CH

EV
AL

IN
E

CA
F

-
UK

-S
23

HM
S

Re
pu

ls
e

(U
K0

3)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
87

Ap
r

18
03

00
Po

la
ri

s
A3

CH
EV

AL
IN

E
CA

F
-

UK
-S

23
HM

S
Re

pu
ls

e
(U

K0
3)

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

87
Ma

y
10

09
45

Po
la

ri
s

A3
CH

EV
AL

IN
E

CA
F

-
UK

-S
23

HM
S

Re
pu

ls
e

(U
K0

3)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
5.

0
19

87
Ma

y
10

11
07

Po
la

ri
s

A3
CH

EV
AL

IN
E

CA
F

-
UK

-S
23

HM
S

Re
pu

ls
e

(U
K0

3)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

IV-687



IV.1.24.3 HMS Renown (UK02)

Credit: Wikipedia

HMS Renown was launched in 1967 and updated to use Chevaline in 1982. It was retired in 1996.

Rockets used: Polaris A3

IV-688



Updated: 2025 Jul 2 2254:35

IV-689



L
au
nc
he
s:
U
K
-S
26

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
69

Ju
l

24
16

10
Po

la
ri

s
A3

UK
DA

SO
-0

5
-

UK
-S

26
HM

S
Re

no
wn

(U
K0

2)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
69

Au
g

11
15

30
Po

la
ri

s
A3

UK
DA

SO
-0

6
-

UK
-S

26
HM

S
Re

no
wn

(U
K0

2)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
74

Ju
l

16
14

59
:5

9
Po

la
ri

s
A3

DA
SO

-
UK

-S
26

HM
S

Re
no

wn
(U

K0
2)

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

80
No

v
14

20
00

Po
la

ri
s

A3
CH

EV
AL

IN
E

PS
1

-
UK

-S
26

HM
S

Re
no

wn
(U

K0
2)

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

80
No

v
18

16
30

Po
la

ri
s

A3
CH

EV
AL

IN
E

PS
2

-
UK

-S
26

HM
S

Re
no

wn
(U

K0
2)

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

82
Ja

n
30

16
30

Po
la

ri
s

A3
CH

EV
AL

IN
E

DA
SO

-1
-

UK
-S

26
HM

S
Re

no
wn

(U
K0

2)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
82

Fe
b

1
18

30
Po

la
ri

s
A3

CH
EV

AL
IN

E
DA

SO
-1

-
UK

-S
26

HM
S

Re
no

wn
(U

K0
2)

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0
19

82
Fe

b
3

16
30

Po
la

ri
s

A3
CH

EV
AL

IN
E

DA
SO

-1
-

UK
-S

26
HM

S
Re

no
wn

(U
K0

2)
ET

R
SL

BM
-

-
79

.0
W

28
.5

N
(+

/-
2.

0)
10

00
.0

19
82

Fe
b

8
18

30
Po

la
ri

s
A3

CH
EV

AL
IN

E
DA

SO
-1

-
UK

-S
26

HM
S

Re
no

wn
(U

K0
2)

ET
R

SL
BM

-
-

79
.0

W
28

.5
N

(+
/-

2.
0)

10
00

.0

IV-690



IV.1.24.4 HMS Revenge (UK04)

Credit: Admiralty

HMS Revenge was launched in 1968 and retired in 1992.

Rockets used: Polaris A3

Updated: 2025 Jul 2 2254:35
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IV.1.24.5 HMS Vanguard (UK05)

Credit: MoD

HMSVanguard was the first UK Trident submarine, carrying 16 Trident II missiles. In was launched in 1992.

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:35
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IV.1.24.6 HMS Victorious (UK06)

Credit: UK MoD

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:35
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IV.1.24.7 HMS Vigilant

Credit: MoD

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:35
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IV.1.24.8 HMS Vengeance

Credit: MoD

Rockets used: Trident D-5

Updated: 2025 Jul 2 2254:35
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IV.1.25 Indian Missile Submarines

Updated: 2025 Jul 2 2254:35

IV-701



In
di
an

M
is
si
le
Su

bm
ar
in
es

Sh
ip

Tr
an

sl
it

er
at

io
n

Im
ag

e
CO

DE
Ag

en
cy

Cl
as

s
Cl

as
sI

D
Al

tI
D

Ac
ti

ve

IN
S
Ar
ih
an
t

IN
S

Ar
ih

an
t

(S
-7

3)
IN

S-
S7

3
IN

AV
Ar

ih
an

t
IN

S-
S7

3
-

20
15

-
-

IN
S
Ar
ig
ha
at

IN
S

Ar
ig

ha
at

-
IN

S-
S7

4
IN

AV
Ar

ih
an

t
IN

S-
S3

-
20

17
-

-

IV-702



IV.1.25.1 INS Arihant (S-73)

INS Arihant

Credit: Indian Navy via Economic Times

Rockets used: K-15,K-4

Updated: 2025 Jul 2 2254:35
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IV.1.25.2 INS Arighaat

Rockets used: K-4

Updated: 2025 Jul 2 2254:35
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IV.1.26 Chinese Missile Submarines

Updated: 2025 Jul 2 2254:35
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IV.1.26.1 Changcheng 200 submarine

长城-200

Credit: www.haijun360.com

Rockets used: JL-1

Updated: 2025 Jul 2 2254:35
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IV.1.26.2 Changcheng 406 submarine

长城-406

Rockets used: JL-1,JL-2

Updated: 2025 Jul 2 2254:35
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IV.1.26.3 Unknown Jinji Qianting (Type 094) class sub

Several Type 094 submarines exist. We don’t know which ones were involved in specific launches.

Rockets used: JL-2,JL-3

Updated: 2025 Jul 2 2254:35
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IV.1.27 North Korean Missile Submarines

Updated: 2025 Jul 2 2254:35

IV-715



N
or
th

K
or
ea
n
M
is
si
le
Su

bm
ar
in
es

Sh
ip

Tr
an

sl
it

er
at

io
n

Im
ag

e
CO

DE
Ag

en
cy

Cl
as

s
Cl

as
sI

D
Al

tI
D

Ac
ti

ve

8.
24

Yo
ng
un
g

8.
24

Yo
ng

un
g

(G
or

ae
cl

as
s

su
b)

-
82

4Y
ON

G
KP

A
Go

ra
e

-
-

20
16

-
-

Su
bm

er
ge
d
ba
rg
e,
Ko
re
an

Pe
op
le
's
N
av
y

Su
bm

er
ge

d
ba

rg
e,

Ko
re

an
Pe

op
le

's
Na

vy
-

KP
N-

PL
AT

KP
A

-
-

-
20

15
-

-

IV-716



IV.1.27.1 8.24 Yongung (Gorae class sub)

8.24 Yongung

Rockets used: Bukguekseong,Bukguekseong-3,Bukguekseong-6

Updated: 2025 Jul 2 2254:35

IV-717
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IV.1.27.2 Submerged barge,Korean People’s Navy

Rockets used: Bukguekseong,Bukguekseong-6

Updated: 2025 Jul 2 2254:35
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IV.1.28 French Missile Submarines

Updated: 2025 Jul 2 2254:35
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IV.1.28.1 SNLE S655 Gymnote

Credit: [source unknown]

Credit: Marine nationale

The Gymnote was an experimental submarine for test launches of French SLBMs.

Rockets used: MSBS M112,MSBS M013,MSBS M1,MSBS M2,MSBS M4

Updated: 2025 Jul 2 2254:35
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IV.1.28.2 SNLE S610 Le Foudroyant

Credit: Patrick Coulon (sousmarintimonier.monsite-orange.fr)

Le Foudroyant (S610) entered service in 1974. It carried the M1, M2 and M20 missiles. In 1990-93 it was
modified to carry the M4. It was retired in 1998.x

Rockets used: MSBS M2

Updated: 2025 Jul 2 2254:35
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IV.1.28.3 SNLE S611 Le Redoutable

Credit: Guilluame Rueda

S611 Le Redoutable was launched in Mar 1967 and in service Dec 1971. It had 16 M1 missiles, upgraded to
M2 in 1974 and M20 in 1977. It was retired in 1991.

Rockets used: MSBS M1

Updated: 2025 Jul 2 2254:35
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IV.1.28.4 SNLE S612 Le Terrible

Credit: Marine nationale

Le Terrible was launched Dec 1969 and entered service Jan 1973. It was refit to carry the M4 in 1988-1990
and retired in 1996.

Rockets used: MSBS M1

Updated: 2025 Jul 2 2254:35
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IV.1.28.5 SNLE S613 L’Indomptable

Credit: (c) Bernard Prezelin

L’Indomptable was launched 1974 and entered service Dec 1976 with 16 M20 missiles. Upgrade to the M4
was carried out from Dec 1987 to Jun 1989. It was disarmed in 2005.

Rockets used: MSBS M20

Updated: 2025 Jul 2 2254:35
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IV.1.28.6 SNLE S614 Le Tonnant

Credit: Marine nationale

Launched Sep 1977, in service April 1980 with 16 M20 missiles. Le Tonnant was refurbished Feb 1985- Apr
1987 to carry the M4.

Rockets used: MSBS M20,MSBS M4

Updated: 2025 Jul 2 2254:35
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IV.1.28.7 SNLE S615 L’Inflexible

Credit: wikipedia.org

Rockets used: MSBS M4,MSBS M45

Updated: 2025 Jul 2 2254:35
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IV.1.28.8 SNLE-NG S616 Le Triomphant

Credit: Marine nationale, V. Guyoton

Le Triomphant was launched in 1994 and entered service in 1997.

Rockets used: MSBS M45,MSBS M51

Updated: 2025 Jul 2 2254:35
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IV.1.28.9 SNLE-NG S617 Le Temeraire

S617 Le Téméraire

Credit: Marine nationale?

Rockets used: MSBS M45,MSBS M51

Updated: 2025 Jul 2 2254:35

IV-739
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IV.1.28.10 SNLE-NG S618 Le Vigilant

Credit: Marine nationale

Rockets used: MSBS M45,MSBS M51

Updated: 2025 Jul 2 2254:35
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IV.1.28.11 SNLE-NG S619 Le Terrible

Credit: Wolfgang Meinhart

The new Triomphant-class Le Terrible (not to be confused with the Redoutable class submarine of the same
name) was launched in 2008 and entered service in 2010. It carries 16 M51 missiles.

Rockets used: MSBS M51

Updated: 2025 Jul 2 2254:35
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IV.1.29 US Rocket Launching Aircraft: Bombers

Updated: 2025 Jul 2 2254:35
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IV.1.29.1 B-1B Lancer, unknown S/N

Rockets used: SRAM

Updated: 2025 Jul 2 2254:35
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IV.1.29.2 B-29 or B-50 Superfortress, unknown S/N

The X-7A-1 missile was launched from two airplanes: the B-29B-60-BO S/N 44-84073 (my code B-29-073) and the
B-29-55-BO S/N 44-86402 (my code B-29-402). We don’t know which missile was dropped by which plane, so the
generic B-29 code is used for each of the launches.

Rockets used: X-7A-1

Updated: 2025 Jul 2 2254:35
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IV.1.29.3 B-29B-60-BO Superfortress S/N 44-84073

Credit: Unk

Rockets used: X-7A-1

Updated: 2025 Jul 2 2254:35
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IV.1.29.4 B-29-55-BO Superfortress S/N 44-86402

Credit: Unk

IV-754



IV.1.29.5 DB-47E-60-BW Stratojet S/N 51-5220

Credit: Unk

The Bold Orion launches were dropped over the AtlanticMissile Range from a B-47E Stratojet based at Eglin.
Its serial number is 51-5220 according to www.joebaugher.com

Rockets used: Bold Orion

Updated: 2025 Jul 2 2254:35
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IV.1.29.6 JTB-50D-80-BO Superfortress S/N 48-0068

Credit: Unk

Credit: Unk

The B-50 Superfortress was an improved derivative of the B-29. B-50D no. 58-0068 was used at White
Sands for X-7A3 launches. The picture shows a different B-50D; let me know if you have one of 58-0068.

A different B-50 was used at Edwards for X-1 launches. (6004?)

Rockets used: X-7A-3,X-7B

Updated: 2025 Jul 2 2254:35
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IV.1.29.7 B-52G/H Stratofortress

Credit: Unk

This code covers various B-52G and B-52H aircraft used for SRAM test launches. The aircraft took off from
a variety of bases and launched their missiles over the Atlantic off Cape Canaveral.

The SRAM missiles were low altitude rockets and are included here mainly to complete the Cape Canaveral
launch list.

SRAM missiles were also launched by the FB-111 and later by the B-1B.
B-52G 57-6518 was used for the 1971 Jul 22 flight at White Sands.

Rockets used: SRAM

Updated: 2025 Jul 2 2254:35
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IV.1.29.8 FB-111

Rockets used: SRAM

Updated: 2025 Jul 2 2254:35
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IV.1.29.9 B-52G Stratofortress S/N 57-6473

Credit: Unk

Credit: Unk
Credit: [credit unknown]

Credit: [credit unknown]

Steve Pace, in his book X-Planes over Edwards, reports that B-52G 57-6473 was used for Skybolt captive
trials at Edwards because the B-52H was not mature enough. Other reports suggest there was a single B-52G used
for trials, although B-52H planes were photgraphed carrying dummy Skybolts. Records confirm at least 3 of the
5 launches were by a B-52G, but do not give a serial number. I will assume that 473 was used for all the actual
Skybolt launches in Florida, staged from Eglin. One photo of the first launch shows a blurry tail number that appears
consistent with ’6473’.

Two RAF Vulcans were also used for captive trials but never made a live launch

Rockets used: Skybolt ALBM

Updated: 2025 Jul 2 2254:35
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IV.1.29.10 B-52H Stratofortress, unknown S/N

Rockets used: ARRW

Updated: 2025 Jul 2 2254:35
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IV.1.29.11 B-52H Stratofortress S/N 60-0021 or 60-0036

Credit: [credit unknown]

Rockets used: D-21B

Updated: 2025 Jul 2 2254:35
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IV.1.29.12 B-52H Stratofortress S/N 60-0021

Credit: Lockheed Martin
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IV.1.29.13 B-52H Stratofortress S/N 60-0024?

Credit: [credit unknown]

Rockets used: X-51A

Updated: 2025 Jul 2 2254:36
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IV.1.29.14 B-52H Stratofortress S/N 60-0031?

Credit: [credit unknown]

Credit: [credit unknown]
IV-773



Rockets used: X-51A

Updated: 2025 Jul 2 2254:36
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IV.1.29.15 B-52H Stratofortress S/N 60-0036

Credit: [credit unknown] Credit: [credit unknown]

Rockets used: ARRW

Updated: 2025 Jul 2 2254:36
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IV.1.29.16 B-52H Stratofortress S/N 60-0050

Credit: [credit unknown]
Credit: [credit unknown]

Rockets used: X-51A,ARRW

Updated: 2025 Jul 2 2254:36
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IV.1.29.17 NB-52 Stratofortress (S/N 003 or 008)

Rockets used: X-15

Updated: 2025 Jul 2 2254:36
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IV.1.29.18 NB-52A Stratofortress S/N 003

Credit: [credit unknown]

Rockets used: X-15
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IV.1.29.19 NB-52B Stratofortress S/N 008

Credit: [credit unknown]

Rockets used: X-15,Pegasus,Pegasus/HAPS,Hyper X
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IV.1.29.20 B-57A Canberra, AFSWC

Rockets used: Jaguar

Updated: 2025 Jul 2 2254:36
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IV.1.29.21 B-57A Canberra NASA 218

Credit: [credit unknown] Credit: [credit unknown]

B-57ACanberra USAF S/N 52-1418 was transferred to NASA to becomeNASA 218. It was based atWallops
Island and used for test rocket launches.

Rockets used: Recruit T55

Updated: 2025 Jul 2 2254:36
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IV.1.29.22 WB-57B Canberra S/N 52-1502/3/4/6

Credit: 52-1502, (c) Geoff Goodall 1964
Credit: 52-1504, (c) Kurt Finger

Several B-57B aircraft attached to Kirtland AFB are thought to have carried out Cleansweep IIIB operations:
Nos. 52-1502, 52-1503, 52-1504 and 52-1506. In the absence of information about specific flights this code is used
to cover all of them.

Rockets used: Cleansweep IIIB

Updated: 2025 Jul 2 2254:36
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IV.1.29.23 WB-57C Canberra S/N 53-3832 and 53-3944

Credit: [credit unknown]

Credit: [credit unknown]

TwoWB-57C Canberra planes were used for sampling missions; S/N 53-3832 and 53-3944. This code covers
both of them.

Rockets used: Cleansweep III,Cleansweep IIIB

Updated: 2025 Jul 2 2254:36
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IV.1.29.24 WB-57C Canberra S/N 53-3832 and 53-3944

IV.1.29.25 WB-57C Canberra S/N 53-3832 and 53-3944

IV.1.29.26 B-58 Hustler S/N 55-660?

Credit: [credit unknown]

Credit: [credit unknown]

B-58 S/N 660 awas the first B-58 aircraft. It was used for the High Virgo tests.
The B-58 ALBM Summary Report video, https://www.youtube.com/watch?v=OVtosAjWUvY is the best

source for the WS-199C.

Rockets used: High Virgo WS199C

Updated: 2025 Jul 2 2254:36

IV-799



L
au
nc
he
s:
B
-5
8-
66
0

Da
te

Ro
ck

et
Fl

ig
ht

Mi
ss

io
n

Pl
at

Co
de

Pl
at

fo
rm

Si
te

LP
As

cS
it

e
As

cL
P

Po
s

Ap
og

ee

19
58

Se
p

5
Hi

gh
Vi

rg
o

WS
19

9C
Hi

gh
Vi

rg
o

-
B-

58
-6

60
B-

58
Hu

st
le

r
S/

N
55

-6
60

?
EG

L
RW

12
/3

0
AM

R
LP

1
80

.0
W

28
.5

N
(+

/-
1.

0)
13

.0
19

58
De

c
19

Hi
gh

Vi
rg

o
WS

19
9C

Hi
gh

Vi
rg

o
-

B-
58

-6
60

B-
58

Hu
st

le
r

S/
N

55
-6

60
?

EG
L

RW
12

/3
0

AM
R

LP
1

80
.0

W
28

.5
N

(+
/-

1.
0)

76
.0

19
59

Ju
n

4
Hi

gh
Vi

rg
o

WS
19

9C
Hi

gh
Vi

rg
o

-
B-

58
-6

60
B-

58
Hu

st
le

r
S/

N
55

-6
60

?
EG

L
RW

12
/3

0
AM

R
LP

1
80

.0
W

28
.5

N
(+

/-
1.

0)
51

.0
19

59
Se

p
22

10
10

?
Hi

gh
Vi

rg
o

WS
19

9C
Ki

ng
Lo

fu
s

IV
Di

sc
ov

er
er

5
in

te
rc

ep
t

B-
58

-6
60

B-
58

Hu
st

le
r

S/
N

55
-6

60
?

EG
L

RW
12

/3
0

EG
L

HV
4

86
.7

W
30

.4
N

(+
/-

0.
0)

35
0.

0

IV-800



IV.1.30 US Rocket Launching Aircraft: Military Transports

Updated: 2025 Jul 2 2254:36
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IV.1.30.1 C-5A Galaxy S/N 69-0014

For the Minuteman Air Mobile Feasibility Test, the C-5A took off from Edwards and made the drop 15 mi
(24 km ) W of VAFB.

Rockets used: Minuteman 1

Updated: 2025 Jul 2 2254:36
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IV.1.30.2 C-17 Globemaster III (AMC)

Image shown is a C-17 from the 535th Airlift Sqn, not necessarily one of the ones used for air-launch.
The C-17 used for airdrops west of Kauai were probably based at Hickam as part of USAF 535th Airlift Sqn..

but environmental assessment reports indicate the air launch flights take off from PMRF (Kauai).

Rockets used: LRALT,SRALT,MRT,E-LRALT,eMRBM,IRBM-T1,MRBM Target,MRBM-T2,MRBM-T3

Updated: 2025 Jul 2 2254:36
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IV.1.30.3 C-17 Globemaster III (EAFB)

This C-17 was operated by the 418th Flight Test Sqn at Edwards AFB. It was used in 2015 together with an
AMC C-17 for dual target launches within a few minutes of each other. Serial number is unknown.

Rockets used: eMRBM

Updated: 2025 Jul 2 2254:36
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IV.1.30.4 C-130 Hercules

A C-130 transport was used to deploy an SR-19 missile in the AltAir (HAVE GOLD) demo of 1997. It is not
clear whether or not another C-130 launch of an SR-19 based target in 1999 used the same aircraft.

The 1999 launch used a C-130H. The 1997 launch used ‘a Navy-supplied C-130’.

Rockets used: AltAir,SRALT

Updated: 2025 Jul 2 2254:36

IV-809
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IV.1.31 US Rocket Launching Aircraft: Fighters

Updated: 2025 Jul 2 2254:36

IV-811
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IV.1.31.1 F2H-2 Banshee

The serial number for the F2H-2 used for the Navy Rockair launches is unknown. However I suspect it may well be
the same aircraft, 942, that was used for the later Recruit-T55 heat transfer launches.

Rockets used: Rockair

Updated: 2025 Jul 2 2254:36
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IV.1.31.2 F2H-2 Banshee S/N 124942

The Banshee used for Recruit Heat Transfer missions, aircraft 942, launched its payloads off the coast near
Wallops. I’ve assumed it took off from USN Chincoteague (later NASA Wallops Main Base) but it may have been
staged from Patuxent River. 942 was a NACA plane rather than a Navy one though, although according to Joe
Baugher’s site it was assigned to LeRC.

A Banshee was also used for the Navy Rockair launches in 1955. I suspect it was the same aircraft but don’t
have any evidence to support that guess.

Rockets used: Recruit,Recruit T55

Updated: 2025 Jul 2 2254:36
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IV.1.31.3 F-3B Demon

The Naval Missile Center used F-3B Demon, F-4D Skyray and F-4B Phantom aircraft to launch the Sparoair I, II
and III sounding rockets for various projects. The Sparoair launch list is highly incomplete and it is not always clear
which aircraft was used for which launch.

Rockets used: Sparoair I,Sparoair II

Updated: 2025 Jul 2 2254:36
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IV.1.31.4 F-3B Demon S/N 143484?

Rockets used: Sparoair I

Updated: 2025 Jul 2 2254:36
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IV.1.31.5 F-4B Phantom S/N 149451

Credit: US Navy

The F-4B Phantom was used by the Naval Missile Center for Sparoair III launches. It is thought that only
two flights were carried out.

Rockets used: Sparoair III

Updated: 2025 Jul 2 2254:36
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IV.1.31.6 F-4C Phantom S/N 63-7654

Phantom II F-4C 63-7654 was used by the USAF AFSWC (Air Force Special Weapons Center) to launch the
ALARR sampler rocket from White Sands in 1966. For ALARR flights in Mar 1967 onwards an F-4D replaced it.
Up to that time all flights were from White Sands, but according to Aviation Week (27 Feb 1967 p 40) flights were
planned from Howard AFB (Panama Canal Zone), and from Alaska. It is unclear if any such flights were in fact
made.

Rockets used: ALARR

Updated: 2025 Jul 2 2254:36
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IV.1.31.7 F4D-1 Skyray S/N 130745

F-4D-1 Skyray No. 130745 was to be used for CALEB test flights in 1960; it was wrecked in a fatal accident
on Oct 21 but seems to have been used for the Oct 24 flight nevertheless.

IV-826



IV.1.31.8 F4D-1 Skyray S/N 130747

F-4D-1 Skyray No. 130745 was to be used for CALEB test flights in 1960; it was wrecked in a fatal accident
on Oct 21 but seems to have been used for the Jul 28 flight.

Rockets used: NOTS EV1,NOTS EV2,Sparoair II

Updated: 2025 Jul 2 2254:36
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IV.1.31.9 F4D-1 Skyray S/N 134856

Rockets used: Sparoair II

Updated: 2025 Jul 2 2254:36
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IV.1.31.10 F-4D Phantom

Rockets used: ALARR

Updated: 2025 Jul 2 2254:36
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IV.1.31.11 F-4J Phantom S/N 153077

IV-833



The F-4J S/N 153077 from NATC/Patuxent River was dedicated to the FLAME project and performed
launches from Wallops and Tonopah.

The Wallops drops were staged from Patuxent River and the Tonopah ones from China Lake.

Rockets used: Pedro Recruit

Updated: 2025 Jul 2 2254:36
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IV.1.31.12 F-15D Eagle, Sparrow target program. (Tail 706, 714 and others)

Credit: Rafael

Rockets used: Black Sparrow,Blue Sparrow,Silver Sparrow

Updated: 2025 Jul 2 2254:36
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IV.1.31.13 F-15D Eagle IAF S/N 701

IV.1.31.14 F-15D Eagle IAF S/N 706

Credit: Rafael

Rockets used: Black Sparrow

Updated: 2025 Jul 2 2254:36
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IV.1.31.15 F-15D Eagle IAF S/N 714

IV.1.31.16 F-15D Eagle IAF S/N 715

Credit: J.P. Dewam

Rockets used: Black Sparrow

Updated: 2025 Jul 2 2254:36
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IV.1.31.17 F-86D Sabre, Rockaire program

Credit: USAF. Generic F-86D, specific aircraft unknown

Rockets used: Rockaire

Updated: 2025 Jul 2 2254:36
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IV.1.31.18 F-89J Scorpion No. 53-2547

F-89J No. 53-2547 took off from Indian Springs AFB on 1957 Jul 19 at 1305 UTC and flew to the Nevada
Test Site. It fired a Genie MB-1 missile with a live 1.5 kT W-25 nuclear warhead which at 1400 UTC (0700 PDT)
detonated 4.2 km downrange, 6 km above the test site. The plane landed at Indian Springs at 1407. This wasOperation
PLUMBOB shot JOHN.

Indian Springs (now Creech AFB) has two runways, 13/31 and the large 08/26. My guess is that the larger
runway is relatively new and the 1957 flight would have used 13/31.

Rockets used: F89J/Genie

Updated: 2025 Jul 2 2254:36
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IV.1.31.19 F-104A-10-LO Starfighter S/N 56-749

Credit: NASA

Rockets used: ALSOR

Updated: 2025 Jul 2 2254:36
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IV.1.31.20 F-15 Eagle, ASAT program (084 or 086)

Rockets used: ASAT

Updated: 2025 Jul 2 2254:36

IV-848
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IV.1.31.21 F-15A Eagle S/N 76-0084, ASAT program.

Rockets used: ASAT

Updated: 2025 Jul 2 2254:36

IV-850
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IV.1.31.22 F-15A Eagle S/N 76-0086, ASAT program.

Rockets used: ASAT

Updated: 2025 Jul 2 2254:36

IV-852
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IV.1.31.23 F4H-1F Phantom II (F-4A-2-MC) S/N 145310

IV.1.31.24 TF4H-1F Phantom II (F-4A-2-MC) S/N 145317

IV-854



IV.1.31.25 YF4H-1 Phantom II (F-4A-1-MC) S/N 143389

Credit: China Lake Alumni Credit: China Lake Alumni

Rockets used: NOTS EV2

Updated: 2025 Jul 2 2254:37

IV-855
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IV.1.31.26 F4H Phantom II, 145317/145310/143389

IV.1.32 US Rocket Launching Aircraft: Commercial

Updated: 2025 Jul 2 2254:37
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IV.1.32.1 L-1011-385-1 (MFR No. 1067) Stargazer N140SC

Rockets used: Pegasus XL,Pegasus H,Pegasus XL/HAPS

Updated: 2025 Jul 2 2254:37

IV-859
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IV.1.32.2 Boeing 747-123 Shuttle Carrier Aircraft N905NA
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IV.1.32.3 Boeing 747-SR46 Shuttle Carrier Aircraft N911NA

IV.1.32.4 Boeing 747-400 (-41R) S/N 32745 Cosmic Girl N744VG

Rockets used: LauncherOne

IV-862



Updated: 2025 Jul 2 2254:37
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IV.1.32.5 White Knight 1 N318SL

Rockets used: Spaceship One

Updated: 2025 Jul 2 2254:37
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IV.1.32.6 White Knight 2 N348MS ’VMS Eve’

Rockets used: Spaceship Two

Updated: 2025 Jul 2 2254:37
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IV.1.32.7 Scaled Model 351 Stratolaunch ’Roc’

Rockets used: Talon-A

Updated: 2025 Jul 2 2254:37
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IV.1.33 US Ground-Launched Rockoons

Updated: 2025 Jul 2 2254:37
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IV.1.33.1 USAF Farside Balloon

Rockets used: Farside

Updated: 2025 Jul 2 2254:37
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IV.1.33.2 NASA LDSD Balloon
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Rockets used: LDSD

Updated: 2025 Jul 2 2254:37
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IV.1.33.3 HAL5 Balloon
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Rockets used: HALO

Updated: 2025 Jul 2 2254:37
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IV.1.34 Soviet/Russian Rocket Launching Aircraft

Updated: 2025 Jul 2 2254:37
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IV.1.34.1 MiG-31D 07-2

Rockets used: Kontakt

Updated: 2025 Jul 2 2254:37
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Chapter V.1

Launch Vehicle Descriptions

V.1.1 Introduction

Each launch in the launch database is associated with a particular launch vehicle variant. In this section we describe
these vehicles, giving approximate dimensions, masses and performance parameters. The reader should note that
these approximate values are intended to give a general idea of the differences between variants - but the data is not
necessarily the most accurate available and parameters given in other sources may be more reliable.

Schema for launch vehicle database, centered on the LaunchVehicle class. Each LaunchVehicle and Stage
belongs to an LV Family. Each Launch Vehicle has a numbered set of stages. Each stage has a main engine type and
has some (unordered) number of that type of engine. Auxiliary engines are not considered. Manufacturers of LVs,
Stages and Engines are identified using an Org code linking them to the Orgs database.

Each launch vehicle variant is defined as consisting of a series of stages, and each stage is associated with a
main engine type. Furthermore, each variant is a member of a larger grouping called a launch vehicle family. This
structure is related in the five files that make up the launch vehicle description database:

891



• Families - the Family file lists the different launch vehicle families.

• LV - the LV file lists each launch vehicle variant and its overall properties, including specifying which family
it is a member of.

• LV Stages the LVtages file ties the LV and Stages file together by listing the stages in each vehicle variant.

• Stages - the Stages file lists each different type of stage and their parameters, including the type and numbers
of main engines.

• Engines - Main engines used in each stage. The Engines file lists engines used either as Stage main engines or
as satellite apogee engines.

V.1.2 Launch Vehicle Families

In this work I have grouped stages into ’families’ of related designs, and launch vehicles into families based on their
first stage type. For instance, I consider the Thor Agena, Thor Able, and Delta II to be members of the same family,
while Atlas Agena, Atlas Able, and Atlas Centaur are a second family. Ariane 1 to 4 and Ariane 5 are separate
families - Ariane 1 to 4 share a common first stage design, but Ariane 5 is an entirely different rocket.

It’s easier to maintain listings on a per-family basis, and the total number of first stage families is about 330 -
much smaller than the 1500 or so different launch vehicle variants. There are some grey areas in assigning vehicles
to families, but it’s much less problematic than splitting hairs about slight differences between variants.

The rule I’ve adopted for defining a new family is a change in the tankage diameter. In some ways this
is a superficial thing - to a rocket engineer, changes in the engine and the avionics will be much more significant
than a change in the external dimensions - but in practise the diameter criterion works well and reveals important
design commonalities between different launch vehicles. There are some marginal cases - the Trident II and Trident
I missiles are closely related but have different diameters. The real complication comes in deciding which stage is
the first stage. For orbital vehicles it’s pretty clear, on a Delta II the Thor-derived first stage is a true first stage, it
wouldn’t make sense to count the GEM strapons as the core of the vehicle. But for many sounding rockets the vehicle
consists of a booster and sustainer, with the booster falling off after only a couple of seconds. Is a Nike-Aerobee
(Aerobee 170) a Nike variant or an Aerobee variant? After much agonizing I have decided to consider it a Nike
variant. Similarly, Skylarks boosted by Cuckoo or Goldfinch motors are under the Cuckoo family, while single-stage
unboosted Skylarks are in the Raven family.

V.1.3 Launch Vehicle List

The LV (launch vehicle) list has the following fields:

• Name of launch vehicle

• Launch vehicle family - base stage.

• Manufacturer. See the Orgs file.

• Launch vehicle variant. Sometimes two different launch vehicles have the same name. For instance, the
Vanguard rocket had variants with different third stages; the Little Joe 1 had various combinations of rocket
motors; some variants of the H-1 had different strapons or different numbers of stages. These variants are
indicated by an extra string in this field.

• Alias. An entry in this field indicates that the vehicle mentioned as an alias is an alternate name for this vehicle.
For instance, the Taurus 1110 has the alias ‘ARPA Taurus’, indicating that the separate entry for ARPA Taurus
actually refers to the same vehicle as the Taurus 1110; the vehicle was simply renamed. I have chosen in my
launch listings to use the vehicle name in use by the launch agency at the time of launch. The Saturn IB, for
example, was known for a while as the Uprated Saturn I, and has identical entries under each name.

V-892



• Stage numbers. Two numbers giving the minimum and maximum stage number. The minimum is usually 1,
but sometimes 0 to allow for strapon stages, and occasionally -1 to allow for two kinds of strapon stage (e.g.
Atlas IIAS).

• Length (metres.) The length is approximate, and may vary when different payloads and fairings are used.

• Diameter (metres)

• Launch mass, (tonnes)

• LEO payload capacity in kg, approximate; only provided for some of the orbital vehicles. Values in these
fields are especially tentative.

• GTO payload capacity in kg, approximate; only provided for some of the orbital vehicles. Values in these
fields are especially tentative.

• Launch thrust, kN.

• Vehicle type, see below.

• Estimated max apogee (kilometers). In many cases this is a rough order of magnitude (ROM) estimate. In
some cases for IRBM/ICBMs I include an extra figure representing the range.

The following vehicle types are defined: (number of examples is from the 2003 release and has not been
updated)

Code Type
D Deep Space launch
M Missile
O Orbital vehicle
R Research rocket
V Reentry test vehicle
X Exoatmospheric test
Y Exoatmospheric weather rocket
A Endoatmospheric missile
C Cruise missile
Q Endoatmospheric reentry test
T Endoatmospheric test/research
W Endoatmospheric weather rocket

These types for individual launch vehicle types are slightly more finely divided than those used for the
Family/Stage datafile: apart from the use of O rather than L, the R category is broken up to include V, X and Y
subtypes and the T/A category is joined by the Q type. Note that the A,C,Q,T,W types of rocket never enter space
(by my 80 km definition).

V.1.4 LV Stages

The LV Stages list is quite simple. Each line represents a single stage within a vehicle. Stages are usually numbered
starting from 1; 0 is used for strapon boosters, and in the rare cases where two different kinds of strapon booster are
present, -1 is used as well. In some cases the nose fairing is included, and given a stage ‘number’ of F.

• The vehicle name.

• The vehicle variant (usually blank). Sometimes a launch vehicle manufacturer will use exactly the same
designation for two versions of a vehicle with different stages or engines. I use an arbitrary string code to
distinguish the versions.

• the stage number (which can be -1 or 0 for strapons, and F for fairing),

• the stage name (which maps to the Stages file)
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• uncertainty flag, a flag to indicate that it is not confirmed that this stage is the correct one.

• dummy flag, a flag to indicate a dummy stage (e.g. the Cora vehicle always carries a dummy Astris stage),
and finally

• the stage multiplicity: e.g. stage 0 of the ASLV consists of two AS-0 strapon stages, and so has multiplicity
2.

V.1.5 Stages

The Stages file gives basic information for all of the stages making up the launch vehicles in the LV file. The reader
is again cautioned about the approximate nature of the numerical values in this file.

The file contains for each stage:

• Stage name

• Stage family

• Manufacturer

• Alternate name

• Length (m)

• Diameter (m)

• Full mass (tonne)

• Dry mass (kg)

• Typical thrust (kN)

• Typical burn duration (s)

• Main engine name

• Main engine multiplicity (i.e. the stage has this many main engines, all of the type defined in the previous
column.)

• Stage type This doesn’t really mean anything and can be ignored.

The main engine name has been made up (e.g. RD R-29 (1) for the first stage of the R-29) for cases where
no name for the engine is available.

V.1.6 Engines

The Engines file gives basic information for solid motors and liquid engines used as the main engines of stages in
the Stages file. The reader is again cautioned about the approximate nature of the numerical values in this file.

The file contains for each engine:

• Engine name

• Manufacturer

• Engine Family (loosely defined grouping)

• Alternative name
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• Oxidizer type

• Fuel type

• Mass, kg, loaded (solids only)

• Total impulse, kNs (mostly for solids)

• Typical thrust (kN)

• Typical Isp (s), (vacuum Isp where available)

• Typical burn duration (s)

• Number of engine chambers per engine

• Date of first flight

• Example of usage
(stage number in brackets)

The main engine name has been made up (e.g. RD R-29 (1) for the first Stage of the R-29) for cases where
no real name for the engine is available.
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Chapter VI.1

Launch Lists

VI.1.1 Introduction

The JSR Launch Vehicle Database is an attempt to provide a complete listing of all types of space launch vehicle,
both suborbital and orbital, and indicate relationships between them. An attempt has been made to estimate numerical
parameters even when they are not available in the literature, on the grounds that some reasonable estimate is better
than none and gives a general idea of the vehicle’s size and power.

The database gives launch times in UTC to the nearest second where available. It is the only online source
for most of these launch times. An accurate launch time is important if you want to compare trajectories of different
launches (did that missile launch pass close to this satellite?).

In the database:

• - all successful orbital launches are included

• - all confirmed failed orbital launch attempts are included; it is believed there are no more than a handful of
unknown ones.

• - I have attempted to include all publicly documented suborbital exoatmospheric (apogee above 80 km)
launches. The completeness with respect to such launches is moderately high (I would guess 70 to 80 percent)
for large rockets (large sounding rockets, IRBMs and ICBMs). It is much lower (perhaps 30 to 50 percent) for
small meteorological rockets where public records are comparatively lacking.

• - I have made a less comprehensive effort to document mesospheric launches, but completeness is fairly high
for larger rockets and missiles with apogee in the mesosphere.

• - Endoatmospheric launches (launches with apogees below 50 km) are included on a patchy and somewhat
arbitrary basis. I have attempted to include rockets that are in some way related to orbital missions, rockets
that are launched from orbital launch sites (so that the launch list for that site is complete), and some rockets
that I happen to find interesting. However, there is no attempt at completeness for endoatmospheric launches.

The primary access to the database is through launch lists for each ‘family’ of rocket. A family groups together
launch vehicles with the same basic first stage design.

For each launch a citation (LTCite) is given for the existence of the launch and the source of the launch time.
Occasional secondary citations are given for interest; I have not provided a detailed citation trail for the values in
other columns of the tables. You have been warned. The cryptic citations are somewhat expanded in the Launch
Time References file.

I acknowledge the help of Joe King and Pat Ross at NSSDC, who provided access to the old World Data
Center/Rockets and Satellites launch database, and Joel Powell, Jean-Jacques Serra, Vladimir Agapov, Phillip Clark,
Asif Siddiqi, Peter Hunter, Jacques Tiziou and the late Geoff Perry for sharing data over the many years it took to
assemble this information. Mark Cleary at Patrick AFB, Roger Launius at NASA HQ, Elaine Liston at the KSC
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archives, and Jeff Geiger at Vandenberg were among those who provided useful data. Mark Wade has also caught a
number of inconsistencies in the designation system, which I’ve fixed, and Doug Burke found numerous formatting
errors. Above all, kudos to Carl Rigg who once again spent several months painstakingly comparing my data with
his own extensive and independently constructed lists, and caught a large number of typos and errors. Thanks to
Carl, I believe that this database is now as reliable a source for launch times, launch sites and vehicle types as any
currently in existence. I also thank Ulrich Brocks who has scoured on-line newspapers and other resources to track
down additional launch times and details.

VI.1.2 Launch List Column Explanations

The lists have the following fields:

• Launch_Tag: an identifier for the launch. For orbital launches, this is the international (COSPAR) designation
of the launch. For other launches, the designation is assigned by me using a pseudo-COSPAR format of the
form yyyy-Xnnn, where yyyy is the year of launch, X is a letter, and nnn is an integer. The designations are
explained in the introduction. See the detailed description in the (See Launch Designations) section of the
introduction.

• Launch_JD: the Julian Date (UTC) of launch, useful for sorting.

• Launch_Date, the UTC Gregorian calendar date of launch (defined as first motion, so may differ by a few
seconds from some sources which use rocket ignition). The date is given in (See VagueDate) format.

• LV_Type, name of the type of rocket used, as given in the (See LV table.)

• LV_Variant - see discussion in the description of the (See LV table.)

• Flight_ID: an identifier for the particular launch, for example the serial number of the launch vehicle or the
mission number or name assigned by the launch agency.

• Flight, Mission, and FlightCode: - additional identifers for the launch. For orbital flights, at least one if these
is usually the name of the payload. Some launches have a lot of different designations. I haven’t been fully
consistent about which name goes in which of the Flight, Mission, FlightCode fields, although usually names
in a specific series are in the same column.

• Platform, Launch_Site and Launch_Pad: where the rocket was launched from. Usually Platform is blank
and the launch site (see the Sites file) tells you where the rocket went up from, and the Pad gives you the
specific location within the launch site. Platform is used for mobile sites such as submarines or planes. See
(See Launch Sites ) and (See Platforms.)

• Ascent_Site and Ascent_Pad
Site and location of the actual rocket launch from a Platform, when different from the Launchite. For air
launches, Launchite/Pad give the airport/runway of carrier plane takeoff, and Ascentite/Pad give the drop site
location.

• Apogee - the highest altitude actually reached, in km. This field may be omitted for orbital launches. In many
cases for non-orbital launches the value is a guess based on known capabilities of the launch vehicle, so only
values with no appended question-mark should be taken as accurate.

• Range - the range in km measured along the curved surface of the Earth between launch site and impact site,
for a suborbital launch. I have only recently added this field and very few entries are filled in.

• Destination (Dest) - the location of landing/impact of a suborbital flight. At present the values in this field
are mnemonics that may or may not be obvious to the reader - sorry, I don’t have a table of them at this stage.
This is another recently added field and regarded as incompletely supported. Values in parentheses represent
intended targets that were not reached due to a failure.
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• Orbital Payload (OPay): - payload in tonnes delivered to orbit (perigee above 80 km). Current values are
autogenerated from the payload tables and there are likely some special cases not treated properly yet. Use
with caution for now (2024).

• Launch_Agency: Organization responsible for launch services (often different from the organization owning
the payload). See the (See Organizations database.)

• Launch_Code field. The first letter is the launch category - O for orbital, M for military missile, T for test
rocket, A for atmospheric rocket, S for suborbital rocket other than missile, D for deep space mission. Also
used occasionally are H (high altitude sounding rocket), R (reentry test), X (launch from world other than
Earth), and Y (suborbital spaceplane with human crew). This field should be reliable for categories O and D,
but the remaining letters are not always assigned fully consistently. It is mainly intended to separate out orbital
and non-orbital launches.

The second letter, possibly followed by digits, is the launch success fraction (see the (See definitions section)
)
Usually the launch success fraction code is S, F or U for Success, Fail or Unknown. Success implies propulsive
success only, even if no data was returned from the payload. Also used is E, for pad explosion (no launch
occurred, but included in the lists for completeness).

For orbital launches partial success/failure values are sometimes given, e.g. OS80 or OF40. The values
between 00 and 99 indicate a percentage success to be used in statistical assessments of launch vehicle
reliability as originally described in JSR 669 (http://www.planet4589.org/space/jsr/back/news.669.txt) and here
in (See the launch success fraction) part of the definitions section.

• FailCode: The launch failure code. This field is reserved for future use. For failed launches, it will encode
the nature of the failure.

• Group: For suborbital science missions, indicates the leading organizations responsible for the science
payload. Up to 3 are given separated by slashes. Following the last slash is a comma-separated list of names
of the principal investigators.

For orbital missions: This field encodes the type of launch service; the values are explained in (See the launch
service code) part of the definitions section.

• Category: For non-orbital launches: Type of flight. Not necessarily a rigorous set of designations.

For orbital launches: Launch profile code. This records what the target orbit type was, how many upper stages
where left in orbit, and what kind of debris mitigation manuever was carried out for them, if any.
The codes are explained in (See the launch profile code) part of the definitions section.

• Citation 1 (LTCite): this citation is the primary reference for the existence of the launch and for the given
launch time. See the (See Refs file.)
”Wire” means that the time was taken from wire service stories, internet news sites or live launch broadcasts.
I’ve been more careful with recording a specific source where the launch time was hard to find.

• Citation 2: (Cite) Additional citation of interest, for example reference for which launch pad was used, etc.

• Notes: A field for additional notes. Right now I have rarely used this.
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Chapter VII.1

Solar System Model

VII.1.1 Solar System Description Files

At any given time, an artificial space object is considered to be orbiting a particular astronomical body. In the General
Catalog the body is identified by a string identifier (e.g. ”Earth”). The bodies and their properties are described in
two files, the Worlds file and the Spin file.

VII.1.2 Preamble: The Hill Sphere

In general, a space object travels under the gravitational influence of all the massive worlds in the system. However,
in most cases the effects of all but one body can be neglected or treated as small perturbations. We say that the object
is ‘in orbit about’ that one body. (The orbit is not necessarily bound; it may be a hyperbola rather than an ellipse). I
introduce the concept of the Hill sphere of body A with respect to body B.

Let the mass of body A be M, the (smaller) mass of body B be m, and the distance between A and B be R.
Then B’s gravity dominates (in this approximation) when the distance from the object to B is less than

r(Hill) = R
( m

3M

)1/3

For example, the radius of the Sun-Earth Hill sphere is about 1.5 million km centered on the Earth. The
radius of the Earth-Moon Hill sphere is about 66,000 km centered on the Moon, and therefore is entirely within the
Sun-Earth sphere.

Here is a map of the Earth-Moon system (with the Moon’s position shown on the arbitrary date of 1968 Dec
21), showing the sizes of the two Hill spheres. The map is in geocentric solar ecliptic coordinates in which the
Earth-Sun line is fixed and is the X-axis.
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The locations for the SEL1 (Sun-Earth Lagrange 1) and SEL2 (Sun-Earth Lagrange 2) points (see below) are
also shown. The magenta circle around the Earth indicates the EL1:4 ‘deep space boundary’ beyond which I record
space objects in the Deep Space Catalog instead of the main Earth satellite catalog.

VII.1.3 Worlds in the Solar System

The General Catalog includes data on spacecraft in the vicinity of bodies throughout the Solar System (and, like the
Voyagers, on their way to the great beyond).

We consider four kinds of body:

• Stars, of which the only one currently relevant to space travel is the Sun.

• Worlds. A world is a body which is sufficiently massive that it is spheroidal due to its own gravity but not
massive enough to be a star. This includes gas and ice giants like Jupiter and Neptune, and terrestrial rocky
and icy worlds like Earth and Titan. The majority of worlds are icy bodies beyond Neptune whose sizes are in
fact poorly known at the moment.
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• Small bodies, solid objects smaller than worlds - asteroids, comets, small moons, and small Trans-Neptunian
objects. While the true geophysical boundary between worlds and small bodies depends on composition, for
definiteness I treat all substellar bodies with mean radius more than 200 km as worlds. In the list of small bodies
used in the catalog, I include a number of the larger ones and all bodies that have been visited by spacecraft.

• Dynamical reference points, of which we consider two types: subsystem barycenters and Lagrange points.

Objects maintaining position near Lagrange points are recorded in the General Catalog as ‘orbiting’ those
points; in all other cases, objects are considered to orbit the body whose Hill sphere they are within. (In the case of
nested Hill spheres, we take the innermost sphere the object is within).

VII.1.3.1 Dynamical Reference Points

First, let’s discuss barycenters.

• The SSB: of greatest importance is the Solar System Barycenter (SSB), the center of gravity of the Solar
System. We often choose coordinates in which the planets orbit the Sun (HC, heliocentric coordinates), and
that’s what I do for the most part in the General Catalog. But you can instead use a barycentric coordinate (BC)
system in which the Sun and the planets jointly orbit the SSB, and this is actually ‘better’ or ‘more correct’ in
several senses - for example, BC is closer to an inertial frame, and orbital elements of loosely bound objects like
high-eccentricity comets are less time-variable in BC. I went back and forth a few times on this but ultimately
decided to stick with object-centered systems (HC and geocentric), partly because it’s conventional to refer
Earth satellites to the Earth’s center and not the Earth-Moon barycenter.

• The EMB: the Earth-Moon Barycenter. It is useful to think of the EMB as orbiting the Sun and the Earth and
Moon as each orbiting the EMB. (The EMB’s orbit around the Sun is more closely an ellipse, while the Earth’s
has wobbles in it due to the Moon).

• Other subsystem barycenters, notably the Jovian and Saturnian systems (whose barycenters, however, are deep
within their central planets). These are not explicitly in the attached world list, but are automatically added to
the list in software as needed.

Now let’s talk about Lagrange points, which are closely related to the Hill sphere discussed in the previous
section. When body B orbits body A, an object orbiting both will be subject to the effects of the gravity of A and
B and to the acceleration due to the angular momentum it has with respect to both. Lagrange showed that the net
effective forces balance at five points which are the solution of a quintic equation, the Lagrange quintic. We refer to
these points as the L1 to L5 points of the A-B system. The Lagrange points for the specific and special A-B cases of
Sun-Earth and Earth-Moon are referred to as SEL1 to SEL5 and EML1 to EML5.

• The L1 point lies at the interior intersection between the A-B line and the A-B Hill Sphere. SEL1 is 1.496
million km from the Earth in the direction towards the Sun (i.e. towards noon). SEL1 is useful for probes
studying solar wind particles before they reach the Earth.

• The L2 point lies at the exterior intersection between the A-B line and the A-B Hill Sphere. SEL2 is 1.496
million km from the Earth in the direction away from the Sun (i.e. towards midnight). SEL2 is very useful
for astronomical observatories. EML2 is being used by the Queqiao communications spacecraft as a farside
communications relay point.

The L1 and L2 points are peaks in the effective potential; gravitational forces on objects there are low but
nonzero and slowly cause the object to drift away. However, these forces can be counteracted by occasional
small thruster firings. In practice spacecraft are placed in large ‘orbits’ around L1 or L2, with radii often in the
hundreds of thousands of km for SEL1/2 and maintenance thruster burns every few months. I put the quotes
around the word ‘orbit’ since there is of course no central gravitating mass at the Lagrange point, and the paths
are not remotely Keplerian. Lagrange trajectories can be either ‘halo orbits’ or ‘Lissajous orbits’, and I hope
to finally get around to learning the relevant orbital dynamics some day soon.

VII-907



• The L3 point lies on the extension of the A-B line through A, roughly at the same distance from A as B is.
SEL3 is therefore about 149.6 million km from the Sun and 180 degrees around the Earth’s orbit from Earth -
it is, roughly, the Anti-Earth. At least so far, the L3 point has not had any particular importance in astronomy
or astronautics.

• The L4 and L5 points make an equilateral triangle with A and B, in the plane of the A-B mutual orbit. Unlike
L1 to L3, they are gravitationally stable. The first practical example of Lagrange points was the discovery of
asteroids at Sun-Jupiter L4 and L5. These asteroids were given names of characters from the Trojan War and
became known as Trojan asteroids; the L4 and L5 points are thus also known as ‘Trojan points’ of any A-B
system. Some probes have explored the interplanetary environment near the Earth-Moon L4 and L5 points.

VII.1.4 Worlds Table Column Descriptions

Each line in the Worlds table represents a world, a small body, or a dynamical point.

The fields in the Worlds table are described below. The important fields are the name, mass, and radius.
The orbital data given (columns from SemiMajorAxis through Epoch, and EphPeriod), as well as the RotPeriod, are
sample values and it should be noted that the elements are functions of time - especially for moons. In practice,
detailed ephemerides such as the JPL data are used to compute the locations of the worlds, and the values in this table
are just to give the reader a general idea.

• IDType: This one or two character string defines what kind of IDName designation the body has. (This also
hints what kind of world it is, but that is formally defined in the WType field). The values are described in the
next (IDName) paragraph.

• IDName: Combined with the ID field, the IDName provides a unique identifier for the body. These are based
on the standard astronomical designations for the bodies except for the planets and moons which use the JPL
ephemeris codes for the objects. (The identifiers are explained below, but it’s fine to treat them as opaque
strings rather than parse them).

ID IDName Format IDName
Examples

Category Description

P 0nn 006 Planet or Moon Three digit code. 001-010 are ‘planets’including
Pluto (9) and the Sun (10).

P pnn 603 Values 301-999 represent moons. The first digit is
the primary and the second is the moon number for
that primary, so 603 is the third officially numbered
moon of Saturn (Tethys).

DL ABLn SEL2 Lagrange point L Point n for the Alpha-Beta system is ABLn. The
letter abbrevations for the bodies are, however, ar-
bitrary.

A (nnnn) (532037) Numbered minor planet Value in parentheses is the minor planet number,
starting with (1) Ceres.

AP yyyy ABnnn 2002 TC302 Provisionally designated
minor planet

IAU MPC provisional designation code, starting
with discovery year.

AS (nnn) m (90482) 1 Satellite of minor planet moon number m of asteroid nnn is (nnn) m.
C nnP/ 21P/ Comet Comet designations ending in P/ are numbered pe-

riodic comets.
C C/yyyy An C/2017 S8 Comet Comet designations starting C/ or D/ are ‘unnum-

bered’ non-periodic coments.

• Name: Name of the body. This name is used to identify the central body around which an object is orbiting in
the General Catalog object catalogs and in the XTLE (extended TLE) orbit data files.

• AltName: Alternate name of the body. Either the formal designation with respect to the object’s primary (e.g.
Earth is Sol III) or an asteroid provisional designation.
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• Radius: The equatorial radius of the body in km. A trailing question mark indicates an uncertain estimate.

• Polar radius: Polar radius of the body in km, where known.

• Mass: Mass of the body in teratonnes (1E15 kg, or 1E18g). A trailing question mark indicates an uncertain
estimate. A trailing letter M (for million) indicates the numerical value should be multiplied by 1,000,000.

• SemiMajorAxis: Semi-major axis (orbital radius) of the body’s orbit around its primary, in km. A trailing
question mark indicates an uncertain estimate. A trailing letter M (for million) indicates the numerical value
should be multiplied by 1,000,000.

• Periapsis: Periapsis (minimum orbital radius) of the body’s orbit around its primary, in km. Note that for
comets, the periapsis is often much more accurately known than the semi-major axis. A trailing question
mark indicates an uncertain estimate. A trailing letter M (for million) indicates the numerical value should be
multiplied by 1,000,000.

• Ecc: Orbital eccentricity at the given epoch.

• Inc: Orbital inclination at the given epoch. Moon orbits given with respect to planetary equator. Heliocentric
orbits given with respect to the J2000 ecliptic.

• Node: Longitude of ascending node at the given epoch. Moon orbits given with respect to planetary equator.
Heliocentric orbits given with respect to the J2000 ecliptic.

• Peri: Argument of periapsis at the given epoch.

• M:Mean anomaly at the given epoch.

• Epoch: Epoch of the sample orbital elements (SMA, periapsis, ecc, inc, node, peri, M).

• RotPeriod: Rotation period of the body in days. (More detailed information given in the Spin file).

• OrbPeriod: Orbital period of the body in days.

• Ephemeris: A string which encodes which ephemeris should be used to supersede the given orbital elements.
Currently, JPL ephemeris files are used (DE405 for the planets and SPICE files for the moons.)

• WType: Body (world) type. Types used are:
WType Meaning
* Star
A Minor planet (asteroid)
AS Asteroid satellite (moon of asteroid)
DB Barycenter dynamical point
DL Lagrange dynamical point
M Small moon
P Major planet
W World (but not major planet)
CP Periodic comet
C Comet

• Primary: Central body which this body is orbiting. When not given, it is assumed the central body is the Sun.
The string EMB is an alternate name accepted for ’Earth-Moon System’, the body entry from the Earth-Moon
barycenter.

VII.1.5 Spin File Column Descriptions

Each line in the Spin table represents a body defined in the Worlds file, and gives additional information on the
rotational properties of the body. The Spin and Worlds files are linked by the ID and IDName columns (and also by
the Name column, but that is not guaranteed to be unique).
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• ID: This one or two character string defines what kind of IDName designation the body has.

• IDName: Combined with the ID field, the IDName provides a unique identifier for the body. See the ‘worlds
file’ column descriptions for details.

• Name Body name.

• Rho Body mean density in units of 1000 kg/cubic metre (i.e. in grams per cc).

• IFac Inertial factor. This dimensionless factor fI relates the total angular momentum of the body to the product
of its mass times radius squared,

I = fIMr2

Where no information is available, a default value of 0.33 is used.

• PoleRA, PoleDec Celestial ICRS position in degrees of the direction of the body’s north pole at J2000.0.

• Meridian Longitude of planetary meridian at J2000.0, degrees.

• SpinRate Rate of change of longitude at J2000.0, degrees per day.

• J2, J4, J6 J2, J4 and J6 spherical harmonics multiplied by one million.

• PoleRARate, PoleDecRate (degrees/d). Rate of change of ICRS polar RA and Dec at epoch J2000.

• PoleFunc A code indicating to software which subroutine to use for detailed polar motion function. This and
the succeeding functions are based on the Report of the IAUWorking Group on Cartographic Coordinates and
Rotational Elements 2015 (and later revisions).

• SpinFunc A code indicating to software which subroutine to use for detailed spin rate function.

• InitFunc A code indicating to software which subroutine to use for detailed perturbation functions for the
body’s moons.

• JFile Filename containing higher order spherical harmonics for the body. Currently only the Earth has such a
file. Its contents are:
Coefficient Value * 1 million
J2 1082.635854
J3 -2.532435346
J4 -1.619331205
J5 -0.2277161016
J6 0.5396348906

VII.1.6 Worlds Table Column Descriptions

Each line in the Worlds table represents a world, a small body, or a dynamical point.

The fields in the Worlds table are described below. The important fields are the name, mass, and radius.
The orbital data given (columns from SemiMajorAxis through Epoch, and EphPeriod), as well as the RotPeriod, are
sample values and it should be noted that the elements are functions of time - especially for moons. In practice,
detailed ephemerides such as the JPL data are used to compute the locations of the worlds, and the values in this table
are just to give the reader a general idea.

• IDType: This one or two character string defines what kind of IDName designation the body has. (This also
hints what kind of world it is, but that is formally defined in the WType field). The values are described in the
next (IDName) paragraph.
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• IDName: Combined with the ID field, the IDName provides a unique identifier for the body. These are based
on the standard astronomical designations for the bodies except for the planets and moons which use the JPL
ephemeris codes for the objects. (The identifiers are explained below, but it’s fine to treat them as opaque
strings rather than parse them).

ID IDName Format IDName
Examples

Category Description

P 0nn 006 Planet or Moon Three digit code. 001-010 are ‘planets’including
Pluto (9) and the Sun (10).

P pnn 603 Values 301-999 represent moons. The first digit is
the primary and the second is the moon number for
that primary, so 603 is the third officially numbered
moon of Saturn (Tethys).

DL ABLn SEL2 Lagrange point L Point n for the Alpha-Beta system is ABLn. The
letter abbrevations for the bodies are, however, ar-
bitrary.

A (nnnn) (532037) Numbered minor planet Value in parentheses is the minor planet number,
starting with (1) Ceres.

AP yyyy ABnnn 2002 TC302 Provisionally designated
minor planet

IAU MPC provisional designation code, starting
with discovery year.

AS (nnn) m (90482) 1 Satellite of minor planet moon number m of asteroid nnn is (nnn) m.
C nnP/ 21P/ Comet Comet designations ending in P/ are numbered pe-

riodic comets.
C C/yyyy An C/2017 S8 Comet Comet designations starting C/ or D/ are ‘unnum-

bered’ non-periodic coments.

• Name: Name of the body. This name is used to identify the central body around which an object is orbiting in
the General Catalog object catalogs and in the XTLE (extended TLE) orbit data files.

• AltName: Alternate name of the body. Either the formal designation with respect to the object’s primary (e.g.
Earth is Sol III) or an asteroid provisional designation.

• Radius: The equatorial radius of the body in km. A trailing question mark indicates an uncertain estimate.

• Polar radius: Polar radius of the body in km, where known.

• Mass: Mass of the body in teratonnes (1E15 kg, or 1E18g). A trailing question mark indicates an uncertain
estimate. A trailing letter M (for million) indicates the numerical value should be multiplied by 1,000,000.

• SemiMajorAxis: Semi-major axis (orbital radius) of the body’s orbit around its primary, in km. A trailing
question mark indicates an uncertain estimate. A trailing letter M (for million) indicates the numerical value
should be multiplied by 1,000,000.

• Periapsis: Periapsis (minimum orbital radius) of the body’s orbit around its primary, in km. Note that for
comets, the periapsis is often much more accurately known than the semi-major axis. A trailing question
mark indicates an uncertain estimate. A trailing letter M (for million) indicates the numerical value should be
multiplied by 1,000,000.

• Ecc: Orbital eccentricity at the given epoch.

• Inc: Orbital inclination at the given epoch. Moon orbits given with respect to planetary equator. Heliocentric
orbits given with respect to the J2000 ecliptic.

• Node: Longitude of ascending node at the given epoch. Moon orbits given with respect to planetary equator.
Heliocentric orbits given with respect to the J2000 ecliptic.

• Peri: Argument of periapsis at the given epoch.

• M:Mean anomaly at the given epoch.

• Epoch: Epoch of the sample orbital elements (SMA, periapsis, ecc, inc, node, peri, M).
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• RotPeriod: Rotation period of the body in days. (More detailed information given in the Spin file).

• OrbPeriod: Orbital period of the body in days.

• Ephemeris: A string which encodes which ephemeris should be used to supersede the given orbital elements.
Currently, JPL ephemeris files are used (DE405 for the planets and SPICE files for the moons.)

• WType: Body (world) type. Types used are:
WType Meaning
* Star
A Minor planet (asteroid)
AS Asteroid satellite (moon of asteroid)
DB Barycenter dynamical point
DL Lagrange dynamical point
M Small moon
P Major planet
W World (but not major planet)
CP Periodic comet
C Comet

• Primary: Central body which this body is orbiting. When not given, it is assumed the central body is the Sun.
The string EMB is an alternate name accepted for ’Earth-Moon System’, the body entry from the Earth-Moon
barycenter.

VII.1.7 Spin File Column Descriptions

Each line in the Spin table represents a body defined in the Worlds file, and gives additional information on the
rotational properties of the body. The Spin and Worlds files are linked by the ID and IDName columns (and also by
the Name column, but that is not guaranteed to be unique).

• ID: This one or two character string defines what kind of IDName designation the body has.

• IDName: Combined with the ID field, the IDName provides a unique identifier for the body. See the ‘worlds
file’ column descriptions for details.

• Name Body name.

• Rho Body mean density in units of 1000 kg/cubic metre (i.e. in grams per cc).

• IFac Inertial factor. This dimensionless factor fI relates the total angular momentum of the body to the product
of its mass times radius squared,

I = fIMr2

Where no information is available, a default value of 0.33 is used.

• PoleRA, PoleDec Celestial ICRS position in degrees of the direction of the body’s north pole at J2000.0.

• Meridian Longitude of planetary meridian at J2000.0, degrees.

• SpinRate Rate of change of longitude at J2000.0, degrees per day.

• J2, J4, J6 J2, J4 and J6 spherical harmonics multiplied by one million.

• PoleRARate, PoleDecRate (degrees/d). Rate of change of ICRS polar RA and Dec at epoch J2000.

• PoleFunc A code indicating to software which subroutine to use for detailed polar motion function. This and
the succeeding functions are based on the Report of the IAUWorking Group on Cartographic Coordinates and
Rotational Elements 2015 (and later revisions).

• SpinFunc A code indicating to software which subroutine to use for detailed spin rate function.
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• InitFunc A code indicating to software which subroutine to use for detailed perturbation functions for the
body’s moons.

• JFile Filename containing higher order spherical harmonics for the body. Currently only the Earth has such a
file. Its contents are:
Coefficient Value * 1 million
J2 1082.635854
J3 -2.532435346
J4 -1.619331205
J5 -0.2277161016
J6 0.5396348906
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Part VIII

Object Catalogs
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Chapter VIII.1

Main Object Catalogs

VIII.1.1 Object Catalogs Organization

The General Catalog of Artificial Space Objects has eleven object catalogs and five payload catalogs, each with a
different role. The object catalogs, while containing different groups of objects, all have the same format - from a
relational database point of view, they could be concatenated into a single table without loss of information. The
same is true of the payload catalogs. Nevertheless, I find it clearer to keep the catalogs separated.

The diagram below shows the interrelations between the different catalogs. Each payload catalog is paired
with an object catalog, but not all the object catalogs have payload catalogs. The various catalogs are summarized in
the table below. I then discuss each catalog in general terms, and finally explain the catalog columns.
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Object Catalog Full name Object prefix Description
Primary Orbital Object Catalogs

satcat Standard Satellite Catalog S Objects from the US Satellite Catalog
auxcat Auxiliary Satellite Catalog A Objects omitted from the US catalog
ftocat Failed Satellite Catalog F Objects which failed to reach orbit

Supporting Catalogs
lcat Low Altitude (Endoatmospheric) Catalog L Objects whose apogee was less than 80 km
rcat Suborbital Rocket (Exoatmospheric) Catalog R Objects whose apogee was 80 km or more

Temporary Catalogs
tmpcat Temporary Catalog T Objects expected to receive an S catalog number soon
csocat Complementary Space Object Catalog C Observed objects whose mapping to S is uncertain

Event Catalogs
ecat Event Catalog Later phases in history for objects in primary catalogs.
deepcat Deep Space Catalog D Objects which reached more that 150,000 km from Earth
hcocat Heliocentric Register D Objects in heliocentric orbit
lprcat Lunar and Planetary Register D Objects in sphere of influence of other worlds

Payload Catalogs
psatcat Payload catalog S Payload data for payloads in satcat
pauxcat Payload catalog A Payload data for payloads in auxcat
pftocat Payload catalog F Payload data for payloads in ftocat
plcat Payload catalog L Payload data for payloads in lcat
prcat Payload catalog R Payload data for payloads in lcat
pdeepcat Payload catalog D Payload data for payloads in deepcat which are not in other payload cats

Derived Catalogs
currentcat Summary catalog S/A Most recent phase for each S and A object, with latest orbit data
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Chapter VIII.2

Main Object Catalogs

VIII.2.1 Primary Orbital Object Catalogs

VIII.2.1.1 The Standard (S) Satellite Catalog

Since the late 1950s the US government has maintained a catalog of satellites (often referred to as the SATCAT). Each
satellite is given a sequential number (1 was the rocket stage from the first Sputnik). These numbers are sometimes
referred to as SSN numbers.

In GCAT, each entry in the S catalog (Standard Satellite Catalog or satcat) corresponds directly to the
corresponding entry in the US catalog; entry S00001 corresponds to SSN 1, entry S40000 corresponds to SSN 40000.
The S catalog contains additional metadata not present in the US catalog, described later in this chapter. Note that I
will use SATCAT in upper case to refer to the US catalog, while the lower case version will always refer to GCAT’s
S catalog.

By convention I render entries 1-99999 in each catalog with 5 digits, in this case S00001 to S99999. I then
jump to 9 digits for objects 000100000 onwards (S000100000 in this case). I am optimistic that we won’t reach
S999999999 before I retire, so that’ll be Somebody Else’s Problem.

There are, as always, complications. Not infrequently, the SSN numbers associated with two space objects
are swapped, or an SSN number is reassigned to a different object and the previously assigned object is now not
in the catalog. However, archival TLE (Two Line Element) sets for the previous object remain associated with the
same catalog number, potentially causing confusion. Although I would rather not reassign numbers, in the interests
of practical compatibility the S catalog entry corresponds to the object MOST RECENTLY ASSOCIATED with that
catalog number (and the GCAT is updated as required to reflect this).

The SSN number is really associated with an object tracked by the US space tracking team (currently the 18th
Space Control Squadron and associated organizations). The set of TLEs associated with that catalog number, for the
most part, define the SSN. The association of that catalog number with a physical object (satellite, rocket, debris) is
an inference. Sometimes I disagree with the association made, and the S catalog reflects that. The harder problem
is when you have, say, 3 SSN tracked objects and three known payloads, but you have no idea which is which. This
can occur, for example, when three externally similar cubesats deployed from the same vehicle immediately fail, so
even the satellite owners don’t know which is which. In this case the SATCAT will just have them as ’OBJECT C’,
etc., and not attempt to make an identification. I prefer to make an arbitrary assignment of the three objects to catalog
numbers but flag the assignments as uncertain. This lets me enter all the metadata such as country, owner, name etc.
and so statistical counts such as number of payloads associated with a given country will come out right.

Some satellites are made up of several attached sections. When I deem that these separate sections are of
sufficient interest to deserve their own catalog entry (for example because their metadata are interestingly different)
I create additional entries in the auxcat (see below), and choose one of the sections to be associated with the S entry.
As an example, for CORONA satellites both the CORONA payload and the attached Agena rocket stage, as well as
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any Agena aft rack attached payloads, get catalog entries. In such cases the S entry is given to the payload; metadata
includes the information that the CORONA and the Agena remained attached until reentry.

The SATCAT associates debris objects with a particular launch but does not identify them in detail; again, I
make my best guess as to the nature and origin of particular debris objects.

The US catalog is coy about certain military and intelligence satellites belonging to the US and its allies.
Usually a cover name (e.g. USA 304) and a launch date are provided, but no orbital data or reentry date. Since I do
not have access to secret information, I am free to speculate. Usually it’s not very hard and identifications of secret
satellites with particular programs and orbits mostly have a high degree of confidence.

VIII.2.1.2 The Auxiliary (A) Satellite Catalog.

The auxcat contains entries for objects not in the standard catalog. The catalog numbers have the prefix ’A’, so the
first entry is A00001.

Objects end up in the A catalog for a variety of reasons:

• Object should have been in S catalog but was omitted (not tracked, or administrative oversight)

• Object is attached to another object (see discussion in S catalog section) Some special cases include Shuttle
payload bay cargo items, external ISS components, and internal ISS cargo entries used for mass accounting.

• Object was in orbit, with perigee well above the atmosphere, but was deorbited after less than a full orbit.

• Object had positive perigee but reentered on first object.

• Object had mildly negative perigee. This includes some rocket stages (e.g. Ariane core stages) and some
objects released during reentry of spacecraft (discarded service modules, parts of film recovery capsules). I
like to perturb the boundaries of definitions and see what falls in. These objects don’t strictly count as satellites
by my rules, but they are ’close enough’ to be interesting.

• Objects with greater total energy per unit mass than a low orbit satellite. This includes some high apogee
(above 10,000 km) suborbital flights and some high velocity reentry tests.

Sometimes objects already in the A catalog get a US SATCAT number - for example, external ISS experiments
which are unexpectedly discarded into orbit at the end of their lives. In this case the object is moved to the S catalog,
and its A catalog number is retired. In previous internal use of the catalog I’ve reused such freed A catalog entries,
but with the formal release of GCAT it is my intent that any such reassigments will be recorded formally and the
empty catalog entries will not be reused.

When it is clear that an object is likely to receive a SATCAT number in the near future, it is placed in the T
catalog (see below) instead of the A catalog.

VIII.2.1.3 The Failure To Orbit (F) Satellite Catalog

The ftocat (F, Failure to orbit catalog) contains objects from failed launches which were expected to have had satellite
catalog entries if the launch had been successful. The objects are upper stages and payloads from launches with ‘F’
launch designations (e.g. 1959-F01).

Note that objects from ‘U’ marginal-orbit launches (1959-U01 etc) are in the auxcat rather than the ftocat.
Objects from pad explosions (‘E’ launches where no actual launch occured) are in the lcat.

I have gone to some trouble to estimate the best-guess suborbital perigee, apogee and inclination for the
objects in the F catalog. If you have better data for a particular launch, please let me know.
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VIII.2.2 Supporting Catalogs

The two supporting catalogs are relatively less complete and are of variable data quality, as described below. Caveat
emptor - maxime quando sine sumptu est!

VIII.2.2.1 The Rocket (R) and Suborbital Object Catalog

The rcat contains objects whose apogee was probably above 80 km but which did not reach orbit (i.e. are not included
in the orbital catalogs). The main purpose of the rcat is to record suborbital stages of orbit launch vehicles, allowing
me to specify the detailed configuration of that particular flight vehicle - it gives me a place to put the type and serial
number of the stages. Other metadata - mass, size, (sub)orbital parameters - are sometimes included but typically
with approximate or guessed values. Orbital inclination values of zero should be ignored.

Object associated with suborbital launches are also included. The catalog is not complete in this respect and
the caveats on the quality of the metadata for such objects apply even more strongly. But it gives me a place to store
parameters of sounding rocket and missile payloads when I know them.

VIII.2.2.2 The Low-altitude (L) Endoatmospheric Object Catalog

The lcat contains objects whose apogee was probably below 80 km. Like the rcat, the main purpose of the lcat is to
record the stage configuration of orbital launches, serving as a place to store the details of lower stages (first stage,
strap-on boosters, etc) that did not leave the atmosphere. As for the rcat, but even more so, metadata on mass, size
and trajectory are approximate or guessed and should usually be treated with skepticism. (For a few cases, such as
Apollo-Saturn lower stages, the data are accurate.)

Mostly the lcat is used to store low altitude objects associated with a launch which also had exoatmospheric
parts. However, some objects associated with purely endoatmospheric and mesospheric launches are included.
Nevertheless, the presence of a low altitude launch in the launch lists does not guarantee its associated objects will
exist in the lcat.

As noted above under ftocat, objects from launches which exploded on the pad are also included in the lcat.

VIII.2.3 Temporary Catalogs

Unlike the main catalogs, the catalog numbers in the T and C catalogs are not assigned sequentially. Currently the
first object in the C catalog is C00100.

The tmpcat contains objects which are (1) in orbit, and (2) do not have US satellite catalog numbers but are
expected to get them in the fairly near future. This usually means objects which are aboard the ISS or a cargo ship and
slated for later deployment, such as cubesats to be ejected from the Kibo module; or subsatellites to be ejected from
another satellite; or objects such as the Crew Dragon Trunk which is left in orbit at the end of a Crew Dragon mission.
Starlink and other megaconstellation satellites may also receive T numbers based on the 70000-series numbers used
by Celestrak Supplemental TLEs before identifications are made with the SATCAT numbers.

When the T catalog object does get a US SATCAT number, its GCAT identifier is changed. The object is
added to the S catalog, and its T catalog number is removed (and later reassigned). Users should therefore beware
of referring to T catalog numbers - they are ephemeral and their reassignment is not formally recorded. They are
a compromise, allowing the instantaneous catalog to reflect the state of things as well as possible, while avoiding
reassigning any ‘permanent’ catalog entries.

Objects which may never get catalog numbers - such as known objects which nevertheless have not been
tracked - are instead put in the auxcat as described above.
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VIII.2.3.1 The Complementary Space Object (C) Catalog

The csocat (C catalog) is a rather different construct. The objects here are those detected and observed by someone
other than the US space tracking network, and not immediately identified with an existing SATCAT entry. These
include objects found by hobbyist observers, astronomers,and non-US satellite tracking groups. ‘Analyst objects’
from the US space tracking network are also included.

(I will admit that the ‘C’ originally stood for Canadian Space Society, the initial source of hobbyist TLEs in
the 1990s thanks to Ted Molczan).

Since the objects in the C catalog may or may not be also present in the S catalog, I do not include C catalog
objects in my statistical summaries (of numbers of satellites launched, etc.).

C catalog entries are initially assigned the value NNA (No Number Assigned) in the Satcat number field (see
column descriptions). Then, when and if a C catalog object is later identified with an S catalog entry, the actual
SATCAT number is placed in the field to flag that the object is no longer ‘unaffiliated’. The user may therefore
ignore all C catalog entries whose Satcat number is not ’NNA’.

Types of objects in the C catalog include (with catalog number ranges used as of mid-2020, but not guaranteed
to be rigidly adhered to):

• (C00100-C00399) Objects found by Near-Earth asteroid astronomers and cataloged by Bill Gray (project-
pluto.org) PThese include distant space junk but also some natural asteroids.

• (C10000-C29999) Objects found by the ISON and Vimpel networks in Russia

• (C70000-C79999, C90000-C99999) Objects found by hobbyist observers (satobs.org) and cataloged by Ted
Molczan, Mike McCants and colleagues.

• (C80000-C89999) ‘Analyst objects’ from Space-Track.org given temporary satellite catalog numbers. The
entry in the C catalog has the same catalog number as assigned by Space-Track, but with the C prefix. These
numbers generally are between 80000 and 90000 (although some have occurred in the 70000s.)

Since the objects in the C catalog are often of unknown origin, the launch dates and international desigations
in the catalog are meaningless and should be ignored. The orbital metadata, however, are based on actual data.

VIII.2.4 Event Catalogs

The event catalogs consist of the main Event Catalog, for Earth orbiting objects, and the deep space catalogs which
are only briefly discussed here.

VIII.2.4.1 The Event Catalog

The SATCAT data model is basically that launches put a set of objects in orbit at a given date (launch date), some
of which eventually (decay date) reenter. The structure of the main GCAT object catalogs adds the idea that objects
associated with a launch don’t all appear on the launch date, but may instead separate from one of the other objects
at a later (sep date) time. This model covers the vast majority of objects in the catalog, but some have more complex
histories. The Event Catalog (ecat) is an attempt to accommodate those more complex histories.

We introduce the idea that each object in GCAT has a history composed of multiple ‘phases’. A new phase
typically begins with either separation from a parent or attachment to a new parent. Parents may be GCAT objects or
GCAT bodies (worlds). Another kind of phase is less physical: the object changes critical metadata - either its name
or its owner. For a typical object, there is only one phase, which begins with separation from the parent object and
ends with reentry - or is still in progress. But for some objects there are many phases involving renaming, on-orbit
resale, docking and undocking, some other form of attachement to another object (e.g. EVA assembly), bringing
inside or outside a space station, entering deep space, entering or leaving the gravitational sphere of influence of a
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new central body, landing or taking off from such a body, or returning to the Earth-Moon system. Each such phase
can be characterized by:

• - A parent (GCAT object or body)

• - Phase start time

• - Phase end time

• - Event that ends the phase

• - New parent or destination at phase end

All of this information is conveniently represented in a record identical to the normal satellite catalog entries.
Thus, objects with multiple phases are represented by multiple entries with the same catalog identifier; each entry
represents a phase. So that this complexity can be ignored when not useful, the main object catalogs contain only a
single entry for each object, the first phase. Second and subsquent phases are stored in the ecat. The ecat records are
in chronological order, although this is mainly for my convenience. Thus for example GCAT object A07959 has five
phases, leading to one entry in auxcat and four entries in ecat.

The details of phases are captured in the phase-ending event type, which is stored in the ‘status’ field of each
phase record. The various options are defined in detail in the status column description.

VIII.2.4.2 The Deep Space Catalog

Objects which pass the EL1:4 deep space boundary at about 150,000 km from Earth are given a ‘D’ catalog
designation in addition to their entries in the S or A catalogs. The S or A catalog uses the decay date, status and
destination fields to record the object’s transition to deep space and its new catalog number. The corresponding
DeepCat entry records the object’s arrival in deep space and its departure to its next phase - reentry, entry to the
lunar sphere of influence, or departure from the Earth-Moon system. The Heliocentric Register and the Lunar and
Planetary Register then record subsequent phases of the object as it visits different bodies in the solar system, using
its D catalog designation.

I recognize that the reassignment of a new catalog number to an object once it leaves Earth or-
bit may be inconvenient. A crossindex between D designations and S/A designations is provided at (See
https://planet4589.org/space/gcat/data/cat/deepindex.html)

The research behind the separate release of the Deep Space Catalog is discussed more fully at
https://planet4589.org/space/deepcat (https://planet4589.org/space/deepcat) . While I consider it a part of the General
Catalog of Artificial Space Objects, it is a relatively self contained subset and is documented and published on an
independent release schedule. The deepcat files within GCAT are kept more up to date.

VIII.2.5 Payload Catalogs

A lot of the metadata I track for satellite payloads (end of operation date, payload category, UN registration
information, etc.) is not relevant for debris objects. To save space in themain catalogs, I pull out this extra information
into separate ‘payload catalogs’. Each object from the main catalogs has zero or one record in the corresponding
payload catalog.

For example, GCAT object A00489 appears in the main catalog ‘auxcat’. It also has a record in the
corresponding payload catalog ‘pauxcat’ with the additional payload metadata. The payload catalogs have the same
name as the corresponding main catalog, except with a leading ’p’, so it’s pretty easy.

The payload catalogs are psatcat, pauxcat, pftocat and ptmpcat. In addition there is a plcat corresponding to
the lcat, containing limited payload info for a few payloads for launches which exploded on the pad and so didn’t
make it into ftocat, and similarly prcat and pdeepcat for some special cases in rcat and deepcat.
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Of greatest interest is probably the end-of-life date information in psatcat, since a comprehensive satellite
operational lifetime dataset has never before been published. The psatcat also is useful for statstical analyses since
it characterizes satellites as nonprofit, commercial, civil or defense, and as communications, imaging, navigation,
science, etc.

VIII.2.6 Unicode list

The usatcat file contains a list of satellite names in unicode with the correspoding GCAT catalog numbers. Only
objects whose name is not in the Latin alphabet are included. This data should really just be an additional column in
the payload or object catalogs but some of my older data entry software isn’t completely smooth in the way it handles
unicode, so it was easier for me to keep the unicode data separately in a dedicated file.

The file is a simple text file with two columns, the GCAT catalog identifier and the unicode satellite name. It
is in alphabetical order of GCAT identifier, so auxcat entries precede satcat ones.

VIII.2.7 Derived Catalogs

VIII.2.7.1 Current Catalog

The currentcat file is provided as a useful subset of GCAT. It is largely derived from the information in satcat, auxcat
and ecat. There is one record for each entry in satcat and auxcat; it is the most recent phase for each object. In the
main GCAT, if you want to know the current state of an object in satcat, you also have to check through all its records
in ecat to find the final one. I decided this is such a common use case that I’d do the work for you and make a ’most
recent phase’ catalog.

The catalog contains a subset of the fields in satcat, and a couple of new fields: the Active flag which is ’A’
if the object is a currently active payload, and the first character of SatType (i.e. P for payload, R for rocket, C for
component or D for debris) otherwise. and the extended status field which decodes the Status field information into
a more readble text field.

Space probes have two catalog IDs, the regular JCAT for their near-earth launch phase and a Deep Space
Catalog ID beginning with ‘D’. The currentcat has a DeepCat column which gives the ‘D’ identifier for the object if
one exists, corresponding to the object’s JCAT field in the deepcat file.

There is one set of data not in the other catalogs: for objects currently in Earth orbit, the most recent available
orbital data are provided in currentcat rather than the ’canonical’ early orbit data provided in, e.g., satcat.

VIII.2.7.2 Launchlog File

The LaunchLog file is a list of all orbital launch attempts in chronological order. The data are extracted from the
launch lists and the payload catalogs. It joins the launch and payload information to have one line per orbital payload
with the payload name and the launch information. It replaces and supersedes the earlier launchlog.txt file on my
site.

VIII.2.8 Object Catalog Column Descriptions

• The first few fields (JCAT, Satcat, Piece, Type, Name, PLName, LaunchDate) identify the object and name it.
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– JCAT

The General Catalog (GCAT) uses an alphanumeric identifier (JCAT, originally Jonathan’s Catalog ID)
to uniquely tag space objects. The identifier consists of a single prefix letter followed by a sequence
number with either 5 or 9 digits (examples: A00022; S101234009). The 9 digit case is not yet in use, but
is supported in anticipation of the introduction of 9-digit SATCAT numbers by the US DoD.

The leading letter tells you which object catalog the object belongs to, as follows:

JCAT letter Catalog
A auxcat (Auxiliary catalog)
C csocat (Complementary catalog)
D deepcat (Deep space catalog)
F ftocat (Failed to orbit catalog)
L lcat (low altitude catalog)
R rcat (suborbital catalog)
S stdcat (Standard catalog)
T tmpcat (Temporary catalog)

Note that there are no prefix letters associated with the ecat (event catalog), or the heliocentric and lunar-
planetary registers, since they contain only objects already defined in the other catalogs.

Sequence numbers in the A, D, F, L, R, and S catalogs are assigned sequentially starting with 00001.
However, occasional numbers may be missing due to deletions of spurious or reassigned entries.

Sequence numbers in the C and T catalogs are not assigned sequentially.

Sequence numbers in the S catalog are in one-to-one correspondence with the US SATCAT catalog
numbers. Thus, S46112 corresponds to SATCAT satellite 46112 (2020-056A).

In exceptional cases, future releases of GCAT may reassign existing catalog numbers. Any such
reassignments will be recorded explicitly in an accompanying table. However, users who have found
earlier (pre-GCAT) JCAT catalog numbers that crept into my public files have no such guarantee - in
partcular, auxcat numbers previously seen in public files may now refer to different objects.

– Satcat

For objects in the US Satcat, this field contains an integer value which is the US SATCAT number. In the
S catalog, this will be the same as the JCAT sequence number.

However, one US SATCAT number can correspond to multiple GCAT objects which are attached to one
another. For example, SATCAT number 00032 corresponds to GCAT objects S00032 (Discoverer 11
payload), A00046 (Agena 1055 rocket stage), and A00047 (TOD experiment attached to Agena stage).
All these objects have 00032 in the Satcat field.

Objects which do NOT have US SATCAT entries instead have a string in this field explaining why they
don’t.
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Value Meaning
NNA No (satcat) Number Assigned. Object should

be in SATCAT but is not, or we don’t know
which object in SATCAT maps to this object.

NNA A No SATCAT number because remained at-
tached to parent object

NNA C No SATCAT number, component of complex
object such as space station

NNA E No SATCAT number because is an EVA
spacesuit. These do not get recorded in SAT-
CAT.

NNA I No SATCAT number because object re-
mained inside parent object

NNA P No SATCAT number because completed less
than one full orbit

NNA R No SATCAT number because separated into
marginally suborbital trajectory during parent
reentry.

NNA S No SATCAT number because launched into
marginally suborbital trajectory

NNA T Not in SATCAT because object was a sepa-
rate object in orbit transiently, for only a few
seconds (e.g. CORONA film capsule)

NNA X Not in SATCAT because launch is a marginal
orbit case

NSO No SATCAT number because suborbital
– Launch_Tag: an identifier for the launch. For orbital launches, this is the international (COSPAR)
designation of the launch. For other launches, the designation is assigned by me using a pseudo-COSPAR
format of the form yyyy-Xnnn, where yyyy is the year of launch, X is a letter, and nnn is an integer.
The designations are explained in the introduction. See the detailed description in the (See Launch
Designations) section of the introduction. This tag matches the launch tag in the launch lists and may be
used to join the two databases (launches and objects).

– Piece The piece designation for the object. For objects in the US SATCAT this is the COSPAR
(International) designation (e.g. 2020-032A); the launch component (e.g. 2020-032) usually but not
always matches the Launch Tag.

See the section on launch and piece designations in ‘definitions and conventions’ for details.
– Type
This field contains a SatType string as defined in the (See SatType section.)
This field tells you something about what kind of object this is. At the coarsest level, we characterize the
object as payload (P), rocket stage (R), component (C) or debris (D). A component is a functional part
of the spacecraft or rocket that is deliberately or accidentally ejected - a fairing, for example. A debris
object in this sense is a fragment from a satellite breakup, usually accidental - although fragments from
deliberate explosions or collisions are included in this category.

At a finer level the type string provides a lot more information for special cases. See the (See SatType
definition) for more details.

– NameMy recommended name for the object. The name is based on that used by the owner/operator of
the object. In cases where the original name is in a non-Latin character set, see the associated (See GCAT
unicode name list ) for a representation of the name in Unicode.

‘X part’ indicates that the object is an unidentified component that separated from X. ‘deb X’ indicates
the object is a debris object from the breakup of X.

– PLName
The PLName (Payload Name) is an alternative name for the object. When available, it is the name used
prior to launch by the manufacturer.
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Some debris objects have a string with RCS followed by a number in the PLName field. This refers to the
radar cross section in square metres. The RCS values obtained from early 2000s era SATCAT releases
are unreliable, but may indicate which objects are particularly small or large.

Some objects have a PLName beginning with the string ‘[UNID’. These objects are marked with an
asterisk in the US SATCAT. They are unidentified debris objects; their piece designations (international
designations) are believed to associate them with the wrong launch.For example, there are a lot of small
component debris objects associated with Soviet Strela-2M communications satellites in rather similar
orbits. When such an object is discovered years after its launch, the effects of drag and perturbations are
such that while it is obvious from the orbit that the object comes from a Strela-2M, there’s no way to tell
exactly which Strela-2M it is from.

– LDate (Launch Date).

The launch date is given in UTC, with 1 day precision. More accurate launch times are given in the
launch lists. Usually you can map the object to a launch using the international designation, but see the
discussion in the Parent field below for exceptions.

• The next set of fields (Parent, SDate, Primary, DDate, Status, Dest) describe the current ‘phase’ of the object.

– Parent The Parent field can be either

* the ‘parent object’ which the object is attached to at the start of the phase, or

* the central body whose gravitational sphere the object is leaving at the start of the phase.

The parent object is an (See Extended JCAT Identifier) - it’s usually just a JCAT ID but sometimes there’s
a port location appended to make it more specific.

Also, in some cases an asterisk is appended to the identifier. This is a flag that the launch designation in
the Piece field might not be what you’d expect from the launch designation of the parent. In the normal
situation, for example, S45920 has Piece designation 2020-048A, and its parent S45921 has 2020-048B
- both are 2020-048 launch pieces. But S45916 has Piece designation 1998-067RP, and its parent is
A09547* with piece designation 2020-011, an apparent contradiction. In fact 2020-011 is the correct
launch for both, with launch date 2020 Feb 15, but USSF assigns 1998-067 piece designations and a 1998
launch date for all objects released form the ISS. I added the asterisks to facilitate automatic checking:
it lets you know to be careful about the launch date and launch information for this object. The asterisk
means ’don’t be surprised if there’s a mismatch’; it doesn’t *guarantee* that there is a mismatch.

The central body names are given in the Worlds file.

– SDate
Separation Date (or Phase Start Date).

This UTC date (in (See Vague Date ) format) is the start time for the current phase. In the simplest cases,
it is the time when the object separated from its parent.

– Primary
(or Central Body).

The value of this field is a string representing the central body for the current phase. These strings are
defined in the Worlds file. (Usually, the central body is Earth.)

– DDate
Descent Date (or Phase End Date).

This UTC date (in (See Vague Date ) format) is the end time for the current phase. In the simplest cases,
it is the time when the object reentered the atmosphere. If blank, the phase is still in progress.

– Status This field gives the event that ends the current phase.

See the discussion on (See phases) in the definitions section.
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– Dest (Destination) This field gives the destination of the current phase. This may be the reentry or landing
location, the JCAT identifier for the new parent object that the object is now attached to, or the world
name of the body whose gravitational sphere the object is now entering.

See the discussion on (See phases) in the definitions section.

• The next set of fields (Owner, State, Manufacturer, Bus, Motor) describe ownership and construction.

– Owner The (See OrgCode ) for the owner/operator of this object.

– State The (See OrgCode ) for the country/state associated with the owner/operator.

– Manufacturer The (See OrgCode ) for the entity that built the object.

– Bus This string gives the spacecraft bus (chassis) type. It isn’t standardized, and many objects are one-
off. It’s most useful for things like commercial communications satellite where satellites of the same type
are used by many different owners.

– Motor The name of the main thruster or rocket engine in the object’s propulsion system. Particular
attention has been paid to determining the model of apogee motor or apogee thruster used on satellites,
as this has not previously been well documented. The entries in this field have not been standardized but
some information may be found in (See the Engines file.)

• The next set of fields (Mass, DryMass, TotMass, Length, Diameter, Span, Shape) describe the object’s mass
and dimensions.

– Mass, MassFlag Mass of this GCAT object in kg, at launch (meaning, at initial orbital insertion), not
including mass of attached objects.

If the MassFlag is ’?’ then the value is an estimate, hopefully good to about 20 percent.

– DryMass, DryFlagDry mass of this GCAT object (which is a reasonable proxy for the mass of the object
after its active lifetime). Value is in kg. Does not include the mass of attached objects.

If the DryFlag is ’?’ then the value is an estimate, hopefully good to about 20 percent.

– TotMass, TotFlag Total mass of this object at launch (orbital insertion), in kg, if nonzero. For a set of
GCAT objects attached to each other the total mass will be given for one of them (usually the S catalog
entry), and the others will have TotMass = 0. If you add up the Mass values for each of the objects, the
result should be equal to the TotMass.

If the TotFlag is ’?’ then the value is an estimate, hopefully good to about 20 percent.

– Length, LFlag Longest dimension of the main body of the object in metres.

If LFlag is ’?’ the value is a guess, hopefully good to about 20 percent.

– Diameter, DFlag
The Diameter is the second longest dimension of the main body of the object in metres. Many objects
are cylinders or square-sectioned cuboids, so I haven’t bothered to give a separated depth and width. The
length times the diameter is a reasonable approximation to the cross-section of the object not counting
appendages.
If DFlag is ’?’ the value is a guess, hopefully good to about 20 percent.

– Span, SpanFlag
The Span is the largest dimension in metres of the entire object across all appendages (booms, solar
arrays, antennae). To avoid hitting the object you should stay outside a sphere of diameter equal to the
Span.
If SpanFlag is ’?’ the value is a guess, hopefully good to about 20 percent.

– Shape A string giving the approximate shape of the object. This is included really because it was in the
old RAE table of Earth satellites. It isn’t a substitute for a 3D CAD model though!
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• The following set of fields (ODate, Perigee, Apogee, Inc, OpOrbit, OQUAL) describe a ‘canonical orbit’. The
orbit of an object changes with time due to atmospheric drag and other perturbations, and in some cases it
changes drastically due to active manuevering. I pick one orbit (the ‘canonical orbit’) that is representative
of the spacecraft’s early operations, after initial positioning, to include in the catalog. But detailed analysis
should consult detailed orbital data versus time for each object, from the Space-Track TLEs or other sources.

– ODate Orbit Epoch Date. Epoch of canonical orbital data, Vague Date format.
– Perigee, PF Conventional perigee height in km of canonical orbit. Equal to perigee radius minus
equatorial radius of central body.
If PF is equal to ’?’ the value is a guess.

– Apogee, AF
Conventional apogee height in km of canonical orbit. Equal to apogee radius minus equatorial radius of
central body.
If AF is equal to ’?’ the value is a guess.

– Inc, IF
Inclination of canonical orbit in degrees with respect to coordinate system equator. Heliocentric orbits
are given with respect to the J2000 ecliptic. Earth orbits are given with respect to the equator of date
(strictly, TEME equator). Orbits around other central bodies are given with respect to the IAU equator
of that body.
If IF is equal to ’?’ the value is a guess.

– OpOrbit
Orbit type of the canonical orbit.

– OQUAL
Orbit Quality Note.
Source of the canonical orbit. Usually blank; it’s a place for me to make a note to remind me where I got
the orbit data from in special cases. ’J’ means I estimated the orbit myself.

• The final field really belongs with the first set, with additional names for the object.

– AltNames
A comma-delimited list of further alternative names for the object.

VIII.2.9 Payload Catalog Column Descriptions

• JCAT The JCAT identifier (letter followed by digits) identifies the object and ties this catalog to the object
catalogs.

• Piece The Piece field contains the piece designation, usually the COSPAR ‘international Designation’. It is
the same as that given in the object catalog and is repeated here for human-readablity and convenience.

• Name The name in the payload catalog is the name given in the UN satellite registry, where available. I usually
fill in another name (usually Name or PLName from the object catalog) where not, for readability.

If the satellite is UN registered (a registration document is noted in the appropriate field) but no name was given
in that registration, I enclose the name used in square parentheses to indicate that it’s not official. For example,
for object S01328, the UNReg field contains ”A/AC.105/INF.107”, indicating that the satellite is registered.
The name is given as ”[Explorer 27]”, the square brackets indicating that no name was actually given in the
registration document.

As with other UN registration metadata reproduced here, the UN name data are provided so you can compare
UN registration information with the primary information in the catalog. In this instance, the name in the object
catalog (or even better, in the unicode name list) is generally to be preferred over the name given here.
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• LDate (Launch Date). Same as in object catalog, provided for convenience and cross checking.

• TLast

Last Known Active Time.

The date on which the satellite was most recently known (by me) to be active. Often, it’s hard to find out
whether a satellite is still operating, especially if it does not actively control its orbit. It is therefore helpful to
know if it’s been known to be active fairly recently, or whether there has been no news of it for decades. Caveat:
I only update this infrequently and patchily. The fact that *I* haven’t heard news of the satellite operating since
2006 doesn’t mean that obvious evidence of its continued activity doesn’t exist.

Vague Date Format is used to record the value.

An asterisk in this field indicates that no information is available.

• TOp End Operation Date.

The date on which the satellite is believed to have completed regular operations. This is a loosely defined
concept. The idea is that after this date the satellite may have been used for on-orbit tests and training, or may
still have had an active radio beacon, but was not in use for its primary purpose. (That’s not the same as ‘end
of primary mission’, which can be much earlier).

Vague Date Format is used to record the value.

An asterisk in this field indicates that the payload is believed to be still operating.

• TDate End of Transmission Date.

I also refer to this as the ”Dead, Dead, Dead” date - it is the date after which the satellite became completely
silent and unresponsive, or when no further contact was made by its owners. I prefer to use this as an end-of-
life date. (There is some ambiguity here. Some old satellites are abandoned by their owners but still emit a
radio beacon.)

Vague Date Format is used to record the value.

An asterisk in this field indicates that the payload is believed to be still transmitting.

• TF

End of life special flags. Flags here have the following meaning:

Value Meaning
D Recovery capsule which spent a matter of seconds as a separate orbiting object before the deorbit burn.
E Deep space mission, may be operating outside Earth orbit.
U This satellite is thought to be still working but the UCS active satellite list suggests it is not.
X Satellite end of life date is a guess and satellite could still be partly operating.
Z Zombie satellite: no longer controlled, but continues emitting a beacon signal.

These flags were added to the data to make automatic comparisons with the UCS active satellite list easier.
(Easier for me, mostly.)

• Program

This field identifies groups of related satellites. I use it to drive the organization of mission logs which I am
preparing for a future release.

• Plane

This (new) string-valued field can be used to label orbital planes or shells in a constellation. At the moment I
am using numeric shell numbers to group OneWeb satellites.
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• Att

Attitude control flag

The field describes the type of attitude control. However, values of this field have not yet been systematically
filled in.

Value Meaning
- Unknown
G Gravity gradient stabilized
P Pointed, 3-axis stabilized
PS Sun pointed
PN or N Nadir (Earth) pointed
S Spin stabilized
U Unstabilized

• Mvr

Maneuverability Flag.

This field indicates whether the satellite has or had a propulsion system capable of changing its orbit. Valid
nonempty values are ’M’, indicating that the satellite is manueverable, and ’D’, indicating that the satellite’s
propulsion system is capable of a single burn to deorbit the satellite.

• Class The class is a one- or, rarely, two-letter character string used to classify satellites as military, commercial,
etc. This is usually based on the status of the owner/operator organization, but with some exceptions (for
example the Vostok spaceships are considered civil even though operated partly by the Soviet military). The
four supported single-letter values are:

Value Meaning
A Amateur/academic/non-profit
B Business (commercial)
C Civil (government but not military)
D Defense (govt. military, intelligence)

Two-letter combinations of these have the obvious meaning: e.g. BD means a satellite which has both
commercial and military use. In general, I find the concept of ‘dual-use’ to be mostly unhelpful. Almost
everything is potentially usable for military purposes, but almost everything is nevertheless fairly clearly
assignable to one of the above four principal uses. I only use the dual-use two-letter characterization for
16 (as of 2020) satellites in the catalog where the management and operation is clearly shared between two
organizations connected with different class values.

• Category

The category is a different classification, orthogonal to the class. It describes the general purpose of the satellite.
A satellite may have one or two categories.

In the case where two values are present, the values in this field are concatenated with a slash between them -
for example ’IMG/TECH’.

Uncertain categories have an appended question-mark.

An asterisk appended to the category indicates that the orbital data for the satellite are (or formerly were) kept
secret by the US government.

The defined categories are:
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Value meaning
AST Astronomy
BIO Biology and life sciences
CAL Calibration (for atmospheric density, space surveillance radars, etc). Usually passive.
COM Communications
EDU Educational purposes.
EOSCI Earth observing science, except imaging
EW Missile early warning, including ballistic missile defence tracking
GEOD Geodesy
IMG Imaging (optical), except meteorology
IMG-R Imaging (radar)
INF Infrastructure (support structures, deployers etc)
MET Meteorology (imaging)
MET-RO Meteorology (radio occultation)
MGRAV Microgravity experiments
MISC Miscellaneous (e.g. burial services)
NAV Navigation, positioning and timing
PLAN Deep space related mission
RB Rocket body (rocket upper stage)
RV Reentry vehicle
SCI Scientific studies, except astronomy and Earth observing
SIG Signals intelligence
SS Spaceship, i..e human spaceflight related (including cargo ships)
TARG Target for missile defense or antisatellite tests
TECH Technology and training
WEAPON Weapon, including antisatellite experiment and FOBS

• Result

The Result flag is a single letter used to identify satellites which failed early in their mission. Values of this
flag are:

– S - success

– F - failed

– U - Unknown

– N - No test (e.g. rocket failed before satellite had a change to operate).

• Control

Location of the spacecraft operations control center. I have not filled this field in systematically yet, it’s really
a ‘future project’ (maybe never). However those values which are filled in should be reliable.

• Discipline

For scientific satellites, this field may note one or more specific scientific areas in which the satellite is carrying
out research. Values used to date are:
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Value Meaning
A
AIS Automatic ID system (ship tracking)
ALT Radar altimeter
ATM Atmospheric science
AUR Auroral research
BIO Biology and life sciences
CR Cosmic rays
ENV Space enviromental exposure
ESCI Earth sciences
F Electromagnetic fields
GEOD Geodesy
GRA Gamma ray astronomy
IMG Imaging
ION Ionospheric research
IRA Infrared astronomy
M Humans in microgravity and related research
MG Microgravity experiments
MM Micrometeorite studies
OA Optical astronomy
P Particles
PHY Basic physics
PL Planetary science
RFA Radio-frequency astronomy
SMA Submillimeter astronomy
SOL Solar physics
SX Solar X-ray astronomy
TECH Technology experiments
UVA Ultraviolet astronomy
XNAV X-ray navigation
XRA X-ray astronomy

An asterisk in the discipline field was used to indicate a major mission, as an attempt to distinguish major and
minor missions. However I stopped adding the asterisks at least a decade ago, and don’t plan to update them
soon, so I recommend just ignoring the asterisks.

• UNState

If the satellite is registered with the UN, this field contains the OrgCode string corresponding to the country
which registered it. If this country is not the owner country I have assigned the object to in the object catalog,
an asterisk is appended to the OrgCode to alert you.

If the satellite has not been registered with the UN, the field contains, in square parentheses, the OrgCode string
corresponding to the country which I think *ought* to have registered it. (If this isn’t the same as the owner
country in the object catalog, an asterisk is appended to the closing square parenthesis - e.g. ‘[US]*’).

If the satellite has not been registered, but it’s not a ‘real payload’ (minor subsatellite, etc.) and I don’t think it
requires registration, the field is left blank.

• UNReg

The UNReg field gives the ID of the UN registration document in which the satellite was registered, if it was.
These documents are usually in the ST/SG/SER.E series or the A/AC.105/INF series.

An appended asterisk indicates that the online UN site reports that the satellite was registered in a particular
document, but the document isn’t yet available on that site, so I can’t see what it actually says! Unfortunately
some US registrations have been ‘in process’ for several years now (as of mid 2020).

A blank entry indicates that the satellite has not been registered with the UN.
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• UNPeriod is the nodal period in minutes reported in the UN registration document, if any. Although the UN
registration orbital information, reported by the state of registry, is valuable for a variety of research purposes,
it is not always reliable and I recommend that users prefer the orbital data in the main object catalog which is
based on US and hobbyist tracking data.

• UNPerigee is the orbital perigee height in km reported in the UN registration document, if any.

• UNApogee is the orbital apogee height in km reported in the UN registration document, if any.

• UNInc is the orbital inclination in degrees reported in the UN registration document, if any.

• DispEpoch
Disposal Epoch. Only for manueverable payloads in Earth orbit; the epoch of the disposal orbit given in the
following fields. The disposal orbit information is used to assess compliance with disposal recommendations.
For objects other than maneuverable payloads, the disposal orbit is deemed to be the initial orbit. For satellites
still able to maneuver, a recent orbit may be given as a placeholder.

Inclusion of the disposal orbit data is currently an experiment and tne data should not be relied upon at present
(2024 Oct).

• DispPeri
Disposal perigee; perigee of the orbit at the end of life for a manueverable satellite.

• DispApo
Disposal apogee; apogee of the orbit at the end of life for a manueverable satellite.

• DispInc
Disposal inclination; inclination of the orbit at the end of life for a manueverable satellite.

• Comment - A descriptive comment, which I may or may not have felt moved to fill in.
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Chapter VIII.3

Main Object Catalogs

VIII.3.1 Primary Orbital Object Catalogs

VIII.3.1.1 The Standard (S) Satellite Catalog

Since the late 1950s the US government has maintained a catalog of satellites (often referred to as the SATCAT). Each
satellite is given a sequential number (1 was the rocket stage from the first Sputnik). These numbers are sometimes
referred to as SSN numbers.

In GCAT, each entry in the S catalog (Standard Satellite Catalog or satcat) corresponds directly to the
corresponding entry in the US catalog; entry S00001 corresponds to SSN 1, entry S40000 corresponds to SSN 40000.
The S catalog contains additional metadata not present in the US catalog, described later in this chapter. Note that I
will use SATCAT in upper case to refer to the US catalog, while the lower case version will always refer to GCAT’s
S catalog.

By convention I render entries 1-99999 in each catalog with 5 digits, in this case S00001 to S99999. I then
jump to 9 digits for objects 000100000 onwards (S000100000 in this case). I am optimistic that we won’t reach
S999999999 before I retire, so that’ll be Somebody Else’s Problem.

There are, as always, complications. Not infrequently, the SSN numbers associated with two space objects
are swapped, or an SSN number is reassigned to a different object and the previously assigned object is now not
in the catalog. However, archival TLE (Two Line Element) sets for the previous object remain associated with the
same catalog number, potentially causing confusion. Although I would rather not reassign numbers, in the interests
of practical compatibility the S catalog entry corresponds to the object MOST RECENTLY ASSOCIATED with that
catalog number (and the GCAT is updated as required to reflect this).

The SSN number is really associated with an object tracked by the US space tracking team (currently the 18th
Space Control Squadron and associated organizations). The set of TLEs associated with that catalog number, for the
most part, define the SSN. The association of that catalog number with a physical object (satellite, rocket, debris) is
an inference. Sometimes I disagree with the association made, and the S catalog reflects that. The harder problem
is when you have, say, 3 SSN tracked objects and three known payloads, but you have no idea which is which. This
can occur, for example, when three externally similar cubesats deployed from the same vehicle immediately fail, so
even the satellite owners don’t know which is which. In this case the SATCAT will just have them as ’OBJECT C’,
etc., and not attempt to make an identification. I prefer to make an arbitrary assignment of the three objects to catalog
numbers but flag the assignments as uncertain. This lets me enter all the metadata such as country, owner, name etc.
and so statistical counts such as number of payloads associated with a given country will come out right.

Some satellites are made up of several attached sections. When I deem that these separate sections are of
sufficient interest to deserve their own catalog entry (for example because their metadata are interestingly different)
I create additional entries in the auxcat (see below), and choose one of the sections to be associated with the S entry.
As an example, for CORONA satellites both the CORONA payload and the attached Agena rocket stage, as well as
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any Agena aft rack attached payloads, get catalog entries. In such cases the S entry is given to the payload; metadata
includes the information that the CORONA and the Agena remained attached until reentry.

The SATCAT associates debris objects with a particular launch but does not identify them in detail; again, I
make my best guess as to the nature and origin of particular debris objects.

The US catalog is coy about certain military and intelligence satellites belonging to the US and its allies.
Usually a cover name (e.g. USA 304) and a launch date are provided, but no orbital data or reentry date. Since I do
not have access to secret information, I am free to speculate. Usually it’s not very hard and identifications of secret
satellites with particular programs and orbits mostly have a high degree of confidence.

VIII.3.1.2 The Auxiliary (A) Satellite Catalog.

The auxcat contains entries for objects not in the standard catalog. The catalog numbers have the prefix ’A’, so the
first entry is A00001.

Objects end up in the A catalog for a variety of reasons:

• Object should have been in S catalog but was omitted (not tracked, or administrative oversight)

• Object is attached to another object (see discussion in S catalog section) Some special cases include Shuttle
payload bay cargo items, external ISS components, and internal ISS cargo entries used for mass accounting.

• Object was in orbit, with perigee well above the atmosphere, but was deorbited after less than a full orbit.

• Object had positive perigee but reentered on first object.

• Object had mildly negative perigee. This includes some rocket stages (e.g. Ariane core stages) and some
objects released during reentry of spacecraft (discarded service modules, parts of film recovery capsules). I
like to perturb the boundaries of definitions and see what falls in. These objects don’t strictly count as satellites
by my rules, but they are ’close enough’ to be interesting.

• Objects with greater total energy per unit mass than a low orbit satellite. This includes some high apogee
(above 10,000 km) suborbital flights and some high velocity reentry tests.

Sometimes objects already in the A catalog get a US SATCAT number - for example, external ISS experiments
which are unexpectedly discarded into orbit at the end of their lives. In this case the object is moved to the S catalog,
and its A catalog number is retired. In previous internal use of the catalog I’ve reused such freed A catalog entries,
but with the formal release of GCAT it is my intent that any such reassigments will be recorded formally and the
empty catalog entries will not be reused.

When it is clear that an object is likely to receive a SATCAT number in the near future, it is placed in the T
catalog (see below) instead of the A catalog.

VIII.3.1.3 The Failure To Orbit (F) Satellite Catalog

The ftocat (F, Failure to orbit catalog) contains objects from failed launches which were expected to have had satellite
catalog entries if the launch had been successful. The objects are upper stages and payloads from launches with ‘F’
launch designations (e.g. 1959-F01).

Note that objects from ‘U’ marginal-orbit launches (1959-U01 etc) are in the auxcat rather than the ftocat.
Objects from pad explosions (‘E’ launches where no actual launch occured) are in the lcat.

I have gone to some trouble to estimate the best-guess suborbital perigee, apogee and inclination for the
objects in the F catalog. If you have better data for a particular launch, please let me know.
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VIII.3.2 Supporting Catalogs

The two supporting catalogs are relatively less complete and are of variable data quality, as described below. Caveat
emptor - maxime quando sine sumptu est!

VIII.3.2.1 The Rocket (R) and Suborbital Object Catalog

The rcat contains objects whose apogee was probably above 80 km but which did not reach orbit (i.e. are not included
in the orbital catalogs). The main purpose of the rcat is to record suborbital stages of orbit launch vehicles, allowing
me to specify the detailed configuration of that particular flight vehicle - it gives me a place to put the type and serial
number of the stages. Other metadata - mass, size, (sub)orbital parameters - are sometimes included but typically
with approximate or guessed values. Orbital inclination values of zero should be ignored.

Object associated with suborbital launches are also included. The catalog is not complete in this respect and
the caveats on the quality of the metadata for such objects apply even more strongly. But it gives me a place to store
parameters of sounding rocket and missile payloads when I know them.

VIII.3.2.2 The Low-altitude (L) Endoatmospheric Object Catalog

The lcat contains objects whose apogee was probably below 80 km. Like the rcat, the main purpose of the lcat is to
record the stage configuration of orbital launches, serving as a place to store the details of lower stages (first stage,
strap-on boosters, etc) that did not leave the atmosphere. As for the rcat, but even more so, metadata on mass, size
and trajectory are approximate or guessed and should usually be treated with skepticism. (For a few cases, such as
Apollo-Saturn lower stages, the data are accurate.)

Mostly the lcat is used to store low altitude objects associated with a launch which also had exoatmospheric
parts. However, some objects associated with purely endoatmospheric and mesospheric launches are included.
Nevertheless, the presence of a low altitude launch in the launch lists does not guarantee its associated objects will
exist in the lcat.

As noted above under ftocat, objects from launches which exploded on the pad are also included in the lcat.

VIII.3.3 Temporary Catalogs

Unlike the main catalogs, the catalog numbers in the T and C catalogs are not assigned sequentially. Currently the
first object in the C catalog is C00100.

The tmpcat contains objects which are (1) in orbit, and (2) do not have US satellite catalog numbers but are
expected to get them in the fairly near future. This usually means objects which are aboard the ISS or a cargo ship and
slated for later deployment, such as cubesats to be ejected from the Kibo module; or subsatellites to be ejected from
another satellite; or objects such as the Crew Dragon Trunk which is left in orbit at the end of a Crew Dragon mission.
Starlink and other megaconstellation satellites may also receive T numbers based on the 70000-series numbers used
by Celestrak Supplemental TLEs before identifications are made with the SATCAT numbers.

When the T catalog object does get a US SATCAT number, its GCAT identifier is changed. The object is
added to the S catalog, and its T catalog number is removed (and later reassigned). Users should therefore beware
of referring to T catalog numbers - they are ephemeral and their reassignment is not formally recorded. They are
a compromise, allowing the instantaneous catalog to reflect the state of things as well as possible, while avoiding
reassigning any ‘permanent’ catalog entries.

Objects which may never get catalog numbers - such as known objects which nevertheless have not been
tracked - are instead put in the auxcat as described above.
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VIII.3.3.1 The Complementary Space Object (C) Catalog

The csocat (C catalog) is a rather different construct. The objects here are those detected and observed by someone
other than the US space tracking network, and not immediately identified with an existing SATCAT entry. These
include objects found by hobbyist observers, astronomers,and non-US satellite tracking groups. ‘Analyst objects’
from the US space tracking network are also included.

(I will admit that the ‘C’ originally stood for Canadian Space Society, the initial source of hobbyist TLEs in
the 1990s thanks to Ted Molczan).

Since the objects in the C catalog may or may not be also present in the S catalog, I do not include C catalog
objects in my statistical summaries (of numbers of satellites launched, etc.).

C catalog entries are initially assigned the value NNA (No Number Assigned) in the Satcat number field (see
column descriptions). Then, when and if a C catalog object is later identified with an S catalog entry, the actual
SATCAT number is placed in the field to flag that the object is no longer ‘unaffiliated’. The user may therefore
ignore all C catalog entries whose Satcat number is not ’NNA’.

Types of objects in the C catalog include (with catalog number ranges used as of mid-2020, but not guaranteed
to be rigidly adhered to):

• (C00100-C00399) Objects found by Near-Earth asteroid astronomers and cataloged by Bill Gray (project-
pluto.org) PThese include distant space junk but also some natural asteroids.

• (C10000-C29999) Objects found by the ISON and Vimpel networks in Russia

• (C70000-C79999, C90000-C99999) Objects found by hobbyist observers (satobs.org) and cataloged by Ted
Molczan, Mike McCants and colleagues.

• (C80000-C89999) ‘Analyst objects’ from Space-Track.org given temporary satellite catalog numbers. The
entry in the C catalog has the same catalog number as assigned by Space-Track, but with the C prefix. These
numbers generally are between 80000 and 90000 (although some have occurred in the 70000s.)

Since the objects in the C catalog are often of unknown origin, the launch dates and international desigations
in the catalog are meaningless and should be ignored. The orbital metadata, however, are based on actual data.

VIII.3.4 Event Catalogs

The event catalogs consist of the main Event Catalog, for Earth orbiting objects, and the deep space catalogs which
are only briefly discussed here.

VIII.3.4.1 The Event Catalog

The SATCAT data model is basically that launches put a set of objects in orbit at a given date (launch date), some
of which eventually (decay date) reenter. The structure of the main GCAT object catalogs adds the idea that objects
associated with a launch don’t all appear on the launch date, but may instead separate from one of the other objects
at a later (sep date) time. This model covers the vast majority of objects in the catalog, but some have more complex
histories. The Event Catalog (ecat) is an attempt to accommodate those more complex histories.

We introduce the idea that each object in GCAT has a history composed of multiple ‘phases’. A new phase
typically begins with either separation from a parent or attachment to a new parent. Parents may be GCAT objects or
GCAT bodies (worlds). Another kind of phase is less physical: the object changes critical metadata - either its name
or its owner. For a typical object, there is only one phase, which begins with separation from the parent object and
ends with reentry - or is still in progress. But for some objects there are many phases involving renaming, on-orbit
resale, docking and undocking, some other form of attachement to another object (e.g. EVA assembly), bringing
inside or outside a space station, entering deep space, entering or leaving the gravitational sphere of influence of a
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new central body, landing or taking off from such a body, or returning to the Earth-Moon system. Each such phase
can be characterized by:

• - A parent (GCAT object or body)

• - Phase start time

• - Phase end time

• - Event that ends the phase

• - New parent or destination at phase end

All of this information is conveniently represented in a record identical to the normal satellite catalog entries.
Thus, objects with multiple phases are represented by multiple entries with the same catalog identifier; each entry
represents a phase. So that this complexity can be ignored when not useful, the main object catalogs contain only a
single entry for each object, the first phase. Second and subsquent phases are stored in the ecat. The ecat records are
in chronological order, although this is mainly for my convenience. Thus for example GCAT object A07959 has five
phases, leading to one entry in auxcat and four entries in ecat.

The details of phases are captured in the phase-ending event type, which is stored in the ‘status’ field of each
phase record. The various options are defined in detail in the status column description.

VIII.3.4.2 The Deep Space Catalog

Objects which pass the EL1:4 deep space boundary at about 150,000 km from Earth are given a ‘D’ catalog
designation in addition to their entries in the S or A catalogs. The S or A catalog uses the decay date, status and
destination fields to record the object’s transition to deep space and its new catalog number. The corresponding
DeepCat entry records the object’s arrival in deep space and its departure to its next phase - reentry, entry to the
lunar sphere of influence, or departure from the Earth-Moon system. The Heliocentric Register and the Lunar and
Planetary Register then record subsequent phases of the object as it visits different bodies in the solar system, using
its D catalog designation.

I recognize that the reassignment of a new catalog number to an object once it leaves Earth or-
bit may be inconvenient. A crossindex between D designations and S/A designations is provided at (See
https://planet4589.org/space/gcat/data/cat/deepindex.html)

The research behind the separate release of the Deep Space Catalog is discussed more fully at
https://planet4589.org/space/deepcat (https://planet4589.org/space/deepcat) . While I consider it a part of the General
Catalog of Artificial Space Objects, it is a relatively self contained subset and is documented and published on an
independent release schedule. The deepcat files within GCAT are kept more up to date.

VIII.3.5 Payload Catalogs

A lot of the metadata I track for satellite payloads (end of operation date, payload category, UN registration
information, etc.) is not relevant for debris objects. To save space in themain catalogs, I pull out this extra information
into separate ‘payload catalogs’. Each object from the main catalogs has zero or one record in the corresponding
payload catalog.

For example, GCAT object A00489 appears in the main catalog ‘auxcat’. It also has a record in the
corresponding payload catalog ‘pauxcat’ with the additional payload metadata. The payload catalogs have the same
name as the corresponding main catalog, except with a leading ’p’, so it’s pretty easy.

The payload catalogs are psatcat, pauxcat, pftocat and ptmpcat. In addition there is a plcat corresponding to
the lcat, containing limited payload info for a few payloads for launches which exploded on the pad and so didn’t
make it into ftocat, and similarly prcat and pdeepcat for some special cases in rcat and deepcat.
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Of greatest interest is probably the end-of-life date information in psatcat, since a comprehensive satellite
operational lifetime dataset has never before been published. The psatcat also is useful for statstical analyses since
it characterizes satellites as nonprofit, commercial, civil or defense, and as communications, imaging, navigation,
science, etc.

VIII.3.6 Unicode list

The usatcat file contains a list of satellite names in unicode with the correspoding GCAT catalog numbers. Only
objects whose name is not in the Latin alphabet are included. This data should really just be an additional column in
the payload or object catalogs but some of my older data entry software isn’t completely smooth in the way it handles
unicode, so it was easier for me to keep the unicode data separately in a dedicated file.

The file is a simple text file with two columns, the GCAT catalog identifier and the unicode satellite name. It
is in alphabetical order of GCAT identifier, so auxcat entries precede satcat ones.

VIII.3.7 Derived Catalogs

VIII.3.7.1 Current Catalog

The currentcat file is provided as a useful subset of GCAT. It is largely derived from the information in satcat, auxcat
and ecat. There is one record for each entry in satcat and auxcat; it is the most recent phase for each object. In the
main GCAT, if you want to know the current state of an object in satcat, you also have to check through all its records
in ecat to find the final one. I decided this is such a common use case that I’d do the work for you and make a ’most
recent phase’ catalog.

The catalog contains a subset of the fields in satcat, and a couple of new fields: the Active flag which is ’A’
if the object is a currently active payload, and the first character of SatType (i.e. P for payload, R for rocket, C for
component or D for debris) otherwise. and the extended status field which decodes the Status field information into
a more readble text field.

Space probes have two catalog IDs, the regular JCAT for their near-earth launch phase and a Deep Space
Catalog ID beginning with ‘D’. The currentcat has a DeepCat column which gives the ‘D’ identifier for the object if
one exists, corresponding to the object’s JCAT field in the deepcat file.

There is one set of data not in the other catalogs: for objects currently in Earth orbit, the most recent available
orbital data are provided in currentcat rather than the ’canonical’ early orbit data provided in, e.g., satcat.

VIII.3.7.2 Launchlog File

The LaunchLog file is a list of all orbital launch attempts in chronological order. The data are extracted from the
launch lists and the payload catalogs. It joins the launch and payload information to have one line per orbital payload
with the payload name and the launch information. It replaces and supersedes the earlier launchlog.txt file on my
site.

VIII.3.8 Object Catalog Column Descriptions

• The first few fields (JCAT, Satcat, Piece, Type, Name, PLName, LaunchDate) identify the object and name it.
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– JCAT

The General Catalog (GCAT) uses an alphanumeric identifier (JCAT, originally Jonathan’s Catalog ID)
to uniquely tag space objects. The identifier consists of a single prefix letter followed by a sequence
number with either 5 or 9 digits (examples: A00022; S101234009). The 9 digit case is not yet in use, but
is supported in anticipation of the introduction of 9-digit SATCAT numbers by the US DoD.

The leading letter tells you which object catalog the object belongs to, as follows:

JCAT letter Catalog
A auxcat (Auxiliary catalog)
C csocat (Complementary catalog)
D deepcat (Deep space catalog)
F ftocat (Failed to orbit catalog)
L lcat (low altitude catalog)
R rcat (suborbital catalog)
S stdcat (Standard catalog)
T tmpcat (Temporary catalog)

Note that there are no prefix letters associated with the ecat (event catalog), or the heliocentric and lunar-
planetary registers, since they contain only objects already defined in the other catalogs.

Sequence numbers in the A, D, F, L, R, and S catalogs are assigned sequentially starting with 00001.
However, occasional numbers may be missing due to deletions of spurious or reassigned entries.

Sequence numbers in the C and T catalogs are not assigned sequentially.

Sequence numbers in the S catalog are in one-to-one correspondence with the US SATCAT catalog
numbers. Thus, S46112 corresponds to SATCAT satellite 46112 (2020-056A).

In exceptional cases, future releases of GCAT may reassign existing catalog numbers. Any such
reassignments will be recorded explicitly in an accompanying table. However, users who have found
earlier (pre-GCAT) JCAT catalog numbers that crept into my public files have no such guarantee - in
partcular, auxcat numbers previously seen in public files may now refer to different objects.

– Satcat

For objects in the US Satcat, this field contains an integer value which is the US SATCAT number. In the
S catalog, this will be the same as the JCAT sequence number.

However, one US SATCAT number can correspond to multiple GCAT objects which are attached to one
another. For example, SATCAT number 00032 corresponds to GCAT objects S00032 (Discoverer 11
payload), A00046 (Agena 1055 rocket stage), and A00047 (TOD experiment attached to Agena stage).
All these objects have 00032 in the Satcat field.

Objects which do NOT have US SATCAT entries instead have a string in this field explaining why they
don’t.
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Value Meaning
NNA No (satcat) Number Assigned. Object should

be in SATCAT but is not, or we don’t know
which object in SATCAT maps to this object.

NNA A No SATCAT number because remained at-
tached to parent object

NNA C No SATCAT number, component of complex
object such as space station

NNA E No SATCAT number because is an EVA
spacesuit. These do not get recorded in SAT-
CAT.

NNA I No SATCAT number because object re-
mained inside parent object

NNA P No SATCAT number because completed less
than one full orbit

NNA R No SATCAT number because separated into
marginally suborbital trajectory during parent
reentry.

NNA S No SATCAT number because launched into
marginally suborbital trajectory

NNA T Not in SATCAT because object was a sepa-
rate object in orbit transiently, for only a few
seconds (e.g. CORONA film capsule)

NNA X Not in SATCAT because launch is a marginal
orbit case

NSO No SATCAT number because suborbital
– Launch_Tag: an identifier for the launch. For orbital launches, this is the international (COSPAR)
designation of the launch. For other launches, the designation is assigned by me using a pseudo-COSPAR
format of the form yyyy-Xnnn, where yyyy is the year of launch, X is a letter, and nnn is an integer.
The designations are explained in the introduction. See the detailed description in the (See Launch
Designations) section of the introduction. This tag matches the launch tag in the launch lists and may be
used to join the two databases (launches and objects).

– Piece The piece designation for the object. For objects in the US SATCAT this is the COSPAR
(International) designation (e.g. 2020-032A); the launch component (e.g. 2020-032) usually but not
always matches the Launch Tag.

See the section on launch and piece designations in ‘definitions and conventions’ for details.
– Type
This field contains a SatType string as defined in the (See SatType section.)
This field tells you something about what kind of object this is. At the coarsest level, we characterize the
object as payload (P), rocket stage (R), component (C) or debris (D). A component is a functional part
of the spacecraft or rocket that is deliberately or accidentally ejected - a fairing, for example. A debris
object in this sense is a fragment from a satellite breakup, usually accidental - although fragments from
deliberate explosions or collisions are included in this category.

At a finer level the type string provides a lot more information for special cases. See the (See SatType
definition) for more details.

– NameMy recommended name for the object. The name is based on that used by the owner/operator of
the object. In cases where the original name is in a non-Latin character set, see the associated (See GCAT
unicode name list ) for a representation of the name in Unicode.

‘X part’ indicates that the object is an unidentified component that separated from X. ‘deb X’ indicates
the object is a debris object from the breakup of X.

– PLName
The PLName (Payload Name) is an alternative name for the object. When available, it is the name used
prior to launch by the manufacturer.
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Some debris objects have a string with RCS followed by a number in the PLName field. This refers to the
radar cross section in square metres. The RCS values obtained from early 2000s era SATCAT releases
are unreliable, but may indicate which objects are particularly small or large.

Some objects have a PLName beginning with the string ‘[UNID’. These objects are marked with an
asterisk in the US SATCAT. They are unidentified debris objects; their piece designations (international
designations) are believed to associate them with the wrong launch.For example, there are a lot of small
component debris objects associated with Soviet Strela-2M communications satellites in rather similar
orbits. When such an object is discovered years after its launch, the effects of drag and perturbations are
such that while it is obvious from the orbit that the object comes from a Strela-2M, there’s no way to tell
exactly which Strela-2M it is from.

– LDate (Launch Date).

The launch date is given in UTC, with 1 day precision. More accurate launch times are given in the
launch lists. Usually you can map the object to a launch using the international designation, but see the
discussion in the Parent field below for exceptions.

• The next set of fields (Parent, SDate, Primary, DDate, Status, Dest) describe the current ‘phase’ of the object.

– Parent The Parent field can be either

* the ‘parent object’ which the object is attached to at the start of the phase, or

* the central body whose gravitational sphere the object is leaving at the start of the phase.

The parent object is an (See Extended JCAT Identifier) - it’s usually just a JCAT ID but sometimes there’s
a port location appended to make it more specific.

Also, in some cases an asterisk is appended to the identifier. This is a flag that the launch designation in
the Piece field might not be what you’d expect from the launch designation of the parent. In the normal
situation, for example, S45920 has Piece designation 2020-048A, and its parent S45921 has 2020-048B
- both are 2020-048 launch pieces. But S45916 has Piece designation 1998-067RP, and its parent is
A09547* with piece designation 2020-011, an apparent contradiction. In fact 2020-011 is the correct
launch for both, with launch date 2020 Feb 15, but USSF assigns 1998-067 piece designations and a 1998
launch date for all objects released form the ISS. I added the asterisks to facilitate automatic checking:
it lets you know to be careful about the launch date and launch information for this object. The asterisk
means ’don’t be surprised if there’s a mismatch’; it doesn’t *guarantee* that there is a mismatch.

The central body names are given in the Worlds file.

– SDate
Separation Date (or Phase Start Date).

This UTC date (in (See Vague Date ) format) is the start time for the current phase. In the simplest cases,
it is the time when the object separated from its parent.

– Primary
(or Central Body).

The value of this field is a string representing the central body for the current phase. These strings are
defined in the Worlds file. (Usually, the central body is Earth.)

– DDate
Descent Date (or Phase End Date).

This UTC date (in (See Vague Date ) format) is the end time for the current phase. In the simplest cases,
it is the time when the object reentered the atmosphere. If blank, the phase is still in progress.

– Status This field gives the event that ends the current phase.

See the discussion on (See phases) in the definitions section.
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– Dest (Destination) This field gives the destination of the current phase. This may be the reentry or landing
location, the JCAT identifier for the new parent object that the object is now attached to, or the world
name of the body whose gravitational sphere the object is now entering.

See the discussion on (See phases) in the definitions section.

• The next set of fields (Owner, State, Manufacturer, Bus, Motor) describe ownership and construction.

– Owner The (See OrgCode ) for the owner/operator of this object.

– State The (See OrgCode ) for the country/state associated with the owner/operator.

– Manufacturer The (See OrgCode ) for the entity that built the object.

– Bus This string gives the spacecraft bus (chassis) type. It isn’t standardized, and many objects are one-
off. It’s most useful for things like commercial communications satellite where satellites of the same type
are used by many different owners.

– Motor The name of the main thruster or rocket engine in the object’s propulsion system. Particular
attention has been paid to determining the model of apogee motor or apogee thruster used on satellites,
as this has not previously been well documented. The entries in this field have not been standardized but
some information may be found in (See the Engines file.)

• The next set of fields (Mass, DryMass, TotMass, Length, Diameter, Span, Shape) describe the object’s mass
and dimensions.

– Mass, MassFlag Mass of this GCAT object in kg, at launch (meaning, at initial orbital insertion), not
including mass of attached objects.

If the MassFlag is ’?’ then the value is an estimate, hopefully good to about 20 percent.

– DryMass, DryFlagDry mass of this GCAT object (which is a reasonable proxy for the mass of the object
after its active lifetime). Value is in kg. Does not include the mass of attached objects.

If the DryFlag is ’?’ then the value is an estimate, hopefully good to about 20 percent.

– TotMass, TotFlag Total mass of this object at launch (orbital insertion), in kg, if nonzero. For a set of
GCAT objects attached to each other the total mass will be given for one of them (usually the S catalog
entry), and the others will have TotMass = 0. If you add up the Mass values for each of the objects, the
result should be equal to the TotMass.

If the TotFlag is ’?’ then the value is an estimate, hopefully good to about 20 percent.

– Length, LFlag Longest dimension of the main body of the object in metres.

If LFlag is ’?’ the value is a guess, hopefully good to about 20 percent.

– Diameter, DFlag
The Diameter is the second longest dimension of the main body of the object in metres. Many objects
are cylinders or square-sectioned cuboids, so I haven’t bothered to give a separated depth and width. The
length times the diameter is a reasonable approximation to the cross-section of the object not counting
appendages.
If DFlag is ’?’ the value is a guess, hopefully good to about 20 percent.

– Span, SpanFlag
The Span is the largest dimension in metres of the entire object across all appendages (booms, solar
arrays, antennae). To avoid hitting the object you should stay outside a sphere of diameter equal to the
Span.
If SpanFlag is ’?’ the value is a guess, hopefully good to about 20 percent.

– Shape A string giving the approximate shape of the object. This is included really because it was in the
old RAE table of Earth satellites. It isn’t a substitute for a 3D CAD model though!
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• The following set of fields (ODate, Perigee, Apogee, Inc, OpOrbit, OQUAL) describe a ‘canonical orbit’. The
orbit of an object changes with time due to atmospheric drag and other perturbations, and in some cases it
changes drastically due to active manuevering. I pick one orbit (the ‘canonical orbit’) that is representative
of the spacecraft’s early operations, after initial positioning, to include in the catalog. But detailed analysis
should consult detailed orbital data versus time for each object, from the Space-Track TLEs or other sources.

– ODate Orbit Epoch Date. Epoch of canonical orbital data, Vague Date format.
– Perigee, PF Conventional perigee height in km of canonical orbit. Equal to perigee radius minus
equatorial radius of central body.
If PF is equal to ’?’ the value is a guess.

– Apogee, AF
Conventional apogee height in km of canonical orbit. Equal to apogee radius minus equatorial radius of
central body.
If AF is equal to ’?’ the value is a guess.

– Inc, IF
Inclination of canonical orbit in degrees with respect to coordinate system equator. Heliocentric orbits
are given with respect to the J2000 ecliptic. Earth orbits are given with respect to the equator of date
(strictly, TEME equator). Orbits around other central bodies are given with respect to the IAU equator
of that body.
If IF is equal to ’?’ the value is a guess.

– OpOrbit
Orbit type of the canonical orbit.

– OQUAL
Orbit Quality Note.
Source of the canonical orbit. Usually blank; it’s a place for me to make a note to remind me where I got
the orbit data from in special cases. ’J’ means I estimated the orbit myself.

• The final field really belongs with the first set, with additional names for the object.

– AltNames
A comma-delimited list of further alternative names for the object.

VIII.3.9 Payload Catalog Column Descriptions

• JCAT The JCAT identifier (letter followed by digits) identifies the object and ties this catalog to the object
catalogs.

• Piece The Piece field contains the piece designation, usually the COSPAR ‘international Designation’. It is
the same as that given in the object catalog and is repeated here for human-readablity and convenience.

• Name The name in the payload catalog is the name given in the UN satellite registry, where available. I usually
fill in another name (usually Name or PLName from the object catalog) where not, for readability.

If the satellite is UN registered (a registration document is noted in the appropriate field) but no name was given
in that registration, I enclose the name used in square parentheses to indicate that it’s not official. For example,
for object S01328, the UNReg field contains ”A/AC.105/INF.107”, indicating that the satellite is registered.
The name is given as ”[Explorer 27]”, the square brackets indicating that no name was actually given in the
registration document.

As with other UN registration metadata reproduced here, the UN name data are provided so you can compare
UN registration information with the primary information in the catalog. In this instance, the name in the object
catalog (or even better, in the unicode name list) is generally to be preferred over the name given here.

• LDate (Launch Date). Same as in object catalog, provided for convenience and cross checking.
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• TLast
Last Known Active Time.

The date on which the satellite was most recently known (by me) to be active. Often, it’s hard to find out
whether a satellite is still operating, especially if it does not actively control its orbit. It is therefore helpful to
know if it’s been known to be active fairly recently, or whether there has been no news of it for decades. Caveat:
I only update this infrequently and patchily. The fact that *I* haven’t heard news of the satellite operating since
2006 doesn’t mean that obvious evidence of its continued activity doesn’t exist.

Vague Date Format is used to record the value.

An asterisk in this field indicates that no information is available.

• TOp End Operation Date.

The date on which the satellite is believed to have completed regular operations. This is a loosely defined
concept. The idea is that after this date the satellite may have been used for on-orbit tests and training, or may
still have had an active radio beacon, but was not in use for its primary purpose. (That’s not the same as ‘end
of primary mission’, which can be much earlier).

Vague Date Format is used to record the value.

An asterisk in this field indicates that the payload is believed to be still operating.

• TDate End of Transmission Date.

I also refer to this as the ”Dead, Dead, Dead” date - it is the date after which the satellite became completely
silent and unresponsive, or when no further contact was made by its owners. I prefer to use this as an end-of-
life date. (There is some ambiguity here. Some old satellites are abandoned by their owners but still emit a
radio beacon.)

Vague Date Format is used to record the value.

An asterisk in this field indicates that the payload is believed to be still transmitting.

• TF
End of life special flags. Flags here have the following meaning:
Value Meaning
D Recovery capsule which spent a matter of seconds as a separate orbiting object before the deorbit burn.
E Deep space mission, may be operating outside Earth orbit.
U This satellite is thought to be still working but the UCS active satellite list suggests it is not.
X Satellite end of life date is a guess and satellite could still be partly operating.
Z Zombie satellite: no longer controlled, but continues emitting a beacon signal.

These flags were added to the data to make automatic comparisons with the UCS active satellite list easier.
(Easier for me, mostly.)

• Program
This field identifies groups of related satellites. I use it to drive the organization of mission logs which I am
preparing for a future release.

• Plane
This (new) string-valued field can be used to label orbital planes or shells in a constellation. At the moment I
am using numeric shell numbers to group OneWeb satellites.

• Att
Attitude control flag
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The field describes the type of attitude control. However, values of this field have not yet been systematically
filled in.

Value Meaning
- Unknown
G Gravity gradient stabilized
P Pointed, 3-axis stabilized
PS Sun pointed
PN or N Nadir (Earth) pointed
S Spin stabilized
U Unstabilized

• Mvr

Maneuverability Flag.

This field indicates whether the satellite has or had a propulsion system capable of changing its orbit. Valid
nonempty values are ’M’, indicating that the satellite is manueverable, and ’D’, indicating that the satellite’s
propulsion system is capable of a single burn to deorbit the satellite.

• Class The class is a one- or, rarely, two-letter character string used to classify satellites as military, commercial,
etc. This is usually based on the status of the owner/operator organization, but with some exceptions (for
example the Vostok spaceships are considered civil even though operated partly by the Soviet military). The
four supported single-letter values are:

Value Meaning
A Amateur/academic/non-profit
B Business (commercial)
C Civil (government but not military)
D Defense (govt. military, intelligence)

Two-letter combinations of these have the obvious meaning: e.g. BD means a satellite which has both
commercial and military use. In general, I find the concept of ‘dual-use’ to be mostly unhelpful. Almost
everything is potentially usable for military purposes, but almost everything is nevertheless fairly clearly
assignable to one of the above four principal uses. I only use the dual-use two-letter characterization for
16 (as of 2020) satellites in the catalog where the management and operation is clearly shared between two
organizations connected with different class values.

• Category

The category is a different classification, orthogonal to the class. It describes the general purpose of the satellite.
A satellite may have one or two categories.

In the case where two values are present, the values in this field are concatenated with a slash between them -
for example ’IMG/TECH’.

Uncertain categories have an appended question-mark.

An asterisk appended to the category indicates that the orbital data for the satellite are (or formerly were) kept
secret by the US government.

The defined categories are:
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Value meaning
AST Astronomy
BIO Biology and life sciences
CAL Calibration (for atmospheric density, space surveillance radars, etc). Usually passive.
COM Communications
EDU Educational purposes.
EOSCI Earth observing science, except imaging
EW Missile early warning, including ballistic missile defence tracking
GEOD Geodesy
IMG Imaging (optical), except meteorology
IMG-R Imaging (radar)
INF Infrastructure (support structures, deployers etc)
MET Meteorology (imaging)
MET-RO Meteorology (radio occultation)
MGRAV Microgravity experiments
MISC Miscellaneous (e.g. burial services)
NAV Navigation, positioning and timing
PLAN Deep space related mission
RB Rocket body (rocket upper stage)
RV Reentry vehicle
SCI Scientific studies, except astronomy and Earth observing
SIG Signals intelligence
SS Spaceship, i..e human spaceflight related (including cargo ships)
TARG Target for missile defense or antisatellite tests
TECH Technology and training
WEAPON Weapon, including antisatellite experiment and FOBS

• Result

The Result flag is a single letter used to identify satellites which failed early in their mission. Values of this
flag are:

– S - success

– F - failed

– U - Unknown

– N - No test (e.g. rocket failed before satellite had a change to operate).

• Control

Location of the spacecraft operations control center. I have not filled this field in systematically yet, it’s really
a ‘future project’ (maybe never). However those values which are filled in should be reliable.

• Discipline

For scientific satellites, this field may note one or more specific scientific areas in which the satellite is carrying
out research. Values used to date are:
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Value Meaning
A
AIS Automatic ID system (ship tracking)
ALT Radar altimeter
ATM Atmospheric science
AUR Auroral research
BIO Biology and life sciences
CR Cosmic rays
ENV Space enviromental exposure
ESCI Earth sciences
F Electromagnetic fields
GEOD Geodesy
GRA Gamma ray astronomy
IMG Imaging
ION Ionospheric research
IRA Infrared astronomy
M Humans in microgravity and related research
MG Microgravity experiments
MM Micrometeorite studies
OA Optical astronomy
P Particles
PHY Basic physics
PL Planetary science
RFA Radio-frequency astronomy
SMA Submillimeter astronomy
SOL Solar physics
SX Solar X-ray astronomy
TECH Technology experiments
UVA Ultraviolet astronomy
XNAV X-ray navigation
XRA X-ray astronomy

An asterisk in the discipline field was used to indicate a major mission, as an attempt to distinguish major and
minor missions. However I stopped adding the asterisks at least a decade ago, and don’t plan to update them
soon, so I recommend just ignoring the asterisks.

• UNState

If the satellite is registered with the UN, this field contains the OrgCode string corresponding to the country
which registered it. If this country is not the owner country I have assigned the object to in the object catalog,
an asterisk is appended to the OrgCode to alert you.

If the satellite has not been registered with the UN, the field contains, in square parentheses, the OrgCode string
corresponding to the country which I think *ought* to have registered it. (If this isn’t the same as the owner
country in the object catalog, an asterisk is appended to the closing square parenthesis - e.g. ‘[US]*’).

If the satellite has not been registered, but it’s not a ‘real payload’ (minor subsatellite, etc.) and I don’t think it
requires registration, the field is left blank.

• UNReg

The UNReg field gives the ID of the UN registration document in which the satellite was registered, if it was.
These documents are usually in the ST/SG/SER.E series or the A/AC.105/INF series.

An appended asterisk indicates that the online UN site reports that the satellite was registered in a particular
document, but the document isn’t yet available on that site, so I can’t see what it actually says! Unfortunately
some US registrations have been ‘in process’ for several years now (as of mid 2020).

A blank entry indicates that the satellite has not been registered with the UN.
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• UNPeriod is the nodal period in minutes reported in the UN registration document, if any. Although the UN
registration orbital information, reported by the state of registry, is valuable for a variety of research purposes,
it is not always reliable and I recommend that users prefer the orbital data in the main object catalog which is
based on US and hobbyist tracking data.

• UNPerigee is the orbital perigee height in km reported in the UN registration document, if any.

• UNApogee is the orbital apogee height in km reported in the UN registration document, if any.

• UNInc is the orbital inclination in degrees reported in the UN registration document, if any.

• DispEpoch
Disposal Epoch. Only for manueverable payloads in Earth orbit; the epoch of the disposal orbit given in the
following fields. The disposal orbit information is used to assess compliance with disposal recommendations.
For objects other than maneuverable payloads, the disposal orbit is deemed to be the initial orbit. For satellites
still able to maneuver, a recent orbit may be given as a placeholder.

Inclusion of the disposal orbit data is currently an experiment and tne data should not be relied upon at present
(2024 Oct).

• DispPeri
Disposal perigee; perigee of the orbit at the end of life for a manueverable satellite.

• DispApo
Disposal apogee; apogee of the orbit at the end of life for a manueverable satellite.

• DispInc
Disposal inclination; inclination of the orbit at the end of life for a manueverable satellite.

• Comment - A descriptive comment, which I may or may not have felt moved to fill in.
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