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STARING AT THE SEA: THE SOVIET RORSAT AND EORSAT PROGRAMMES

ASIF SIDDIQI
4029 Bayard St. #107, Pittsburgh, PA 15273, USA.

T'he Soviet Union developed a number of satellite systems that were closely integrated with military weapons systems. Their
RORSAT and EORSAT satellite systems, intended to target American naval vessels for attack, are the best example of using

satellites as a direct extension of military missions. Although much about these programmes remains classified, it is now
possible to discuss many previously unknown details of their history.

. INTRODUCTION — ] Aleksandr Andreyevich

Raspletin, Director of the
KB-1. Raspletin was
responsible for early
development of both the
RORSAT/EORSAT

programmes, as well as the
co-orbital ASAT.

The Soviet ocean reconnaissance satellite programmes were
among the most enigmatic components of Soviet military
space programmes during the Cold War. Dozens of satellites in
the effort were launched under the catchall “Kosmos” designa-
tion beginning in the mid-1960s to support one of the most
central components of Soviet military strategy, i.e. to target
United States naval vessels during conditions of potential
hostilities. Unlike most other Soviet military programmes,
little was forthcoming from official Russian sources on the
history behind the ocean reconnaissance programmes. While
Westerners now freely talk of Soviet photo-reconnaissance
systems such as Zenit and Yantar, the ocean surveillance
programmes have retained their Cold War-era Western desig-
nations, Radar Ocean Reconnaissance Satellite (RORSAT) and
ELINT (electronic intelligence) Ocean Reconnaissance Satel- |
lite (EORSAT). In 1997, during the 300th anniversary of the -

formation of the Russian Navy, the Russians finally began to
declassity these two parallel efforts. At the same time, the CIA
has also declassified many Cold War era National Intelligence
Estimates related to the Soviet space programme. This current

Anatolty Ivanovich Savin,
the Chief Designer of the
OKB-41. Savin was

directly responsible for the

article 1s an early attempt to summarise some of the new US-A/RORSAT and US-P/
revelations and shed light on the origins, motivations, and EORSAT programmes, as
history ot the RORSAT and EORSAT programmes. well as the co-orbital ASAT
and space-based early

: ORGANISATIONAL BACKDROP warning systems.

In the history of the overall Soviet space effort, a small number
ot personalities are associated with the creation of important
space systems. They include: Korolev, Chelomey, Glushko,
Yangel, Babakin, and Mishin. Despite the unprecedented rev-
elations 1n recent years about the structure and organisation of
the tormer Soviet space programme, two names have been
almost completely absent from this history although they were
responsible for developing four of the most important Soviet
military systems. They were Aleksandr Andreyevich Raspletin
(1908-1967) and Anatoliy Ivanovich Savin (1920-). Their : The Design Bureau-1 (KB-1)
respective organisations, the KB-1 and the OKB-41, still
remain relatively unknown. Raspletin and Savin were collec- Raspletin’s KB-1 traced its lineage back to the immediate post-
tively responsible for developing: war era. On 8 September 1947, the USSR Ministry of Armaments
established the Special Bureau-1 (SB-1) in Moscow to develop
radio-guided cruise missiles [1]. One of the more infamous
(2) the Soviet RORSAT system; engineers at the SB-1 was its Chief Engineer Sergey L. Beriya, the
. | son of the dreaded Soviet secret police chief Lavrentiy P. Beriya.
(3) the Soviet EORSAT system; and The SB-1"s primary goal for the I1’)1ext few years was the develgp—
(4) the Soviet space-based missile early warning system. ment of the Kometa missile system which was, in fact, based on

(1) the Soviet anti-satellite (ASAT) system;
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the younger Beriya’s university diploma project. Later, in August
1950, the SB-1 was reorganised into the larger KB-1, a new Design
Bureau specifically tasked with the creation of an effective air
detence system for Moscow, initially known as the Berkut and

later as the S-25 (known in the West as the SA-1 Guild).

It was 1n February-March 1955 that there was a large-scale
reorganisation at the KB-1 that led to the creation of three main
subdivisions which would go on to play significant roles in
major Soviet strategic weapons systems. They were:

(1) the SKB-30 for anti-ballistic missile (ABM) systems
(headed by Chieft Designer Grigoriy V. Kisunko);

(2) the SKB-31 for surface-to-air missile (SAM) systems
(headed by Chiet Designer Aleksandr A. Raspletin); and

(3) the SKB-41 tor airborne intelligence collection systems
(headed by Chief Designer A.A. Kolosov). [2]

By 1960, Raspletin was ‘promoted’ to the position of
Director ot the KB-1, leaving the day-to-day activities of the
SAM division to Chiet Designer Boris V. Bunkin. Thus, by the
early 1960s, Raspletin was overseeing a large organisation
focusing on the development of a wide variety of important
Soviet strategic weapons systems. In the late 1950s and early
1960s, the lion’s share of work at the KB-1 was dedicated to the
development of the System A, the first Soviet ABM weapon.
The programme came to fruition on 4 March 1961 with the
world’s tirst interception of a ballistic missile by an ABM. The
ettort was directed by General Designer Kisunko [3].

The KB-1’s first forays into the development of high priority
space-based military systems came around this time during
discussions for early Soviet anti-satellite proposals. At the
time, the KB-1 proposed a joint anti-satellite project in coop-
eration with Sergey P. Korolev and aviation designer Artem 1.
Mikoyan using a variant of the famous R-7 ICBM. The idea
never progressed beyond the proposal stage since the Soviet
leadership favoured an alternative proposal from Vladimir N.
Chelomey designated the Satellite Destroyer (IS) which even-
tually formed the basis of the Soviet co-orbital ASAT system
[4]. There appears to have been a great deal of conflict between
factions within the KB-1 and Chelomey, who was beginning to
exert a dominant influence on the Soviet space programme at
the time. A major portion of the work at the KB-1 was, in fact,
redirected for Chelomey’s interests around 1960: KB-1 Direc-
tor and General Designer Raspletin became a subcontractor for
Chelomey, while KB-1 subordinate departments such as the
OKB-41 (formerly the SKB-41) were ordered to focus exclu-

sively on Chelomey’s pet projects such as the IS programme.

Kisunko, as ambitious as Chelomey himself, was reluctant

to work tor Chelomey, and the conflict eventually culminated
In a major reorganisation at the KB-1. In early 1962, Kisunko’s
team separated from the KB-1 and became the independent
OKB-30, which focused exclusively on ABM systems [5].
Through the following three decades, Kisunko and his succes-
sors at the OKB-30 have directed the development of all
operational Soviet and Russian ABM systems. The OKB-30 is
known today as the MAK Vympel.

The divisions remaining behind at the KB-1 expanded their
reach from SAMs and airborne reconnaissance systems to the
arena of space. In 1962, Anatoliy I. Savin took over as the Chief
Designer of the OKB-41 subdivision and directed it toward
what would eventually become its main thrust of work: high-
priority offensive and defensive space-based systems [6].
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3. EARLY CONCEPTION

3.1 Requirements For The System

In the post-Stalin era, there was a major shift in Soviet naval
military strategy from a large cumbersome surface fleet to a
smaller torce comprising submarines, destroyers, and patrol
boats equipped with tactical long-range cruise missiles with
nuclear tipped warheads. One of the earliest such missiles was
the P-5 (better known as the SS-N-3¢ Shaddock in the West)
developed by the OKB-52 under Chelomey. Intended as a
counterpart to the United States’ Regulus strategic cruise
missile, the P-5 had a nominal flight range of about 500
kilometres and carried a 650 kiloton warhead. The P-5 system
was declared ofticially operational by the Central Committee
and the Council of Ministers on 19 June 1959 [7]. Unable and
unwilling to compete with the United States in the open oceans
by developing extensive naval forces—particularly aircraft
carriers—the Soviets instead chose to invest heavility in anti-
ship missiles. They mounted these on many large surface combat-
ants such as the Kynda and Kresta I class cruisers which entered
service beginning in the early 1960s. The P-5 served as the
foundation for several other anti-ship variants such as the P-6 (the
SS5-N-3a Shaddock), the P-35 (the SS-N-3b Shaddock), and the P-
7 (the SS-N-3c¢ Shaddock) which used a combination of inertial
guidance with mid-course corrections provided by reconnais-
sance aircraft or surface ships (see Table 1). Terminal guidance
against ship targets was provided either by infrared or active radar.

P-7
4—.‘“
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$S-N-3 Shaddock

Soviet P-5 and P-7 anti-ship cruise missiles, designated SS-N-3
Shaddock by NATO.

(Illustrations courtesy Steven J. Zaloga)

Targeting for these missiles posed a major challenge since
the location of American naval targets would have to be
correctly determined prior to launch of the missiles. This
matter was complicated by the fact that in most cases the
missiles would be fired against targets which were beyond the
range of the firing ship’s radars. In the late 1950s, the Soviets
began development of a system to ensure accurate targeting for
a new generation of strategic naval cruise missiles which was
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TABLE 1: Soviet Tactical and Strategic Naval Cruise Missiles.

Bureau
-N-3c_Shaddock Chelome Aug 28 1957
P-5D  |c.600km | Chelome Sep 1959
SS-N-3c Shaddock | ~~~~ 11000km [ cChelome Apr 21 1961
B6 | SS-N-3a Shaddook Chelome bec 23 1959
| 600km | Beriyev orogram term.
SS-N-2a Styx Berezn Oct 1956
Termit . -
S i s I N
20 1 o1 o 13000km  |Tlyuwshin  Jsts | 000000 @ 1960
p-25 {0 leko | 0 |chelomey  [ssi I 1961 | 1963
SS-N-2d Styx v |Bereznyak  |sts& | = |Late 1980s
SS-N-3b Shaddock Chelome
P-35Redut | | 1300 knm Chelome ep 7 1963 Aug 11 1966
P-35 Progress | ~ [3u44 | 300 km Chelome
P-70 Ametist N-7 Starbri ULS Aug 1960
P-120 Malakhit ULS Sep 25 1968 ar 17 1972
P-500 Bazalt SS-N~12 Sandbox SLS/SLSH Oct 19689 1975
P-700 Granit ULS Nov 1975 ar 1983
P-750 Grom 1986 |
ULS @ | May 20 1980 ate 1984
oIS Dec 26 1983 |
ec 18 1987
s/stefsten | [
coastaloniks | | 00
coastal |  |Oct 221978
ereznyak stsw I | 1984
erezn EE N
h-35 Uran Zvezda B R
ranat | Novator ws 1 | 1987
Notes:
In the "Operational” column, a date in italics denotes the date when the program was terminated.
Sources:
. Aleksandr Shirokorad, "Missiles Over the Sea" (in Russian), Tekhnika i vooruzheniye, November-December 1997.
Abbreviations: .
CLT  coastal, launched from truck SLLB  surface-launched from boats surface-launched from submarines
SLSH surtface-launched from ships ULS underwater-launched from submarines
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comprised of airborne systems installed on specially equipped
Tu-16RTs (Badger) and Tu-95RTs (Bear-D) aircraft, and later
the Ka-25RTs (Hormone) helicopter. These aircraft carried
systems for detecting American naval targets and transmitting
their location data to Soviet warships equipped with anti-ship
missiles. Initial models of a side-looking radar, called Uspekh,
were designed at the NII-132 based at Kiev under Chief

Tu-95RTs “Bear-D” maritime reconnaissance aircraft. This aircraft
1s used to detect U.S. Navy ships at sea. :

Designer 1. V. Kudriavtsev for targeting the P-5 and P-35 missiles. f
The airborne detection system, presumably directed as a whole by
the KB-1, was declared operational in 1965. Russian sources have
claimed that the Tu-95RTs had a radar reach up to 7000 kilometres
range [3]. These claims notwithstanding, airborne ocean recon-
naissance systems suffered from being vulnerable to the target ;_.-;
ship’s detensive weapons systems. For many of the same reasons
that airborne photo-reconnaissance eventually progressed to space-
based photo-reconnaissance, the Soviet Navy also began explor-
ing expanding their intelligence collection systems into space.
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Tu-16RTs “Badger” maritime reconnaissance aircraft. The limitations
of aircratft, such as their range, restricted search capabilities, and

vulnerability to attack by aircraft from the very aircraft carriers they _ |
are supposed to detect, make them less than ideal surveillance In 1959-60, the Soviet Navy developed some of the early

plattorms. Spacecraft are not nearly as vulnerable and can cover far requirements for an ocean reconnaissance system, officially
more area. called the Space-Based Sea Reconnaissance and Detection
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System (known 1n 1ts Russian abbreviation as MKRTs). Two
Design Bureaus, Chelomey’s OKB-52 based at Reutov and
Raspletin’s KB-1 in Moscow joined forces with the Navy to
meet the latter’s requirements. Chelomey had the leading role in
the programme with the KB-1 essentially as a subcontractor [9].

The three parties formulated six basic requirements tor the
system:

(1) radar and electronic intelligence systems for all-weather
reconnaissance of the ocean surface from space, with an
ability to work automatically and distinguish a surface
ship accurately trom background interterence from the
ocean’s surtace and report back 1ts exact location;

(2) a spacecratt equipped with all-weather reconnaissance
systems, having automatically operating attitude control
systems with a sutticiently powerful power source and

the ability to correct its orbit on command from the
Earth:

(3) a radio-control system on the spacecraft for precisely
ensuring and predicting the orbital movement of the
spacecraft from commands 1ssued for ensuring the
nominal operation of the vehicle’s on-board systems
during orbital thght;

(4) automated ground systems for controlling the spacecraft,
and for receiving and transmitting the necessary
information;

(5) naval ship-based reconnaissance and detection systems
capable of processing information, selecting the main
targets from the incoming information, and inputting
that information to the tiring complexes of the anti-ship
cruise missiles; and

(6) a booster for launching the spacecraft into orbit with
rigid requirements for short preparation times and the

capability of precise orbital insertion into the required
orbit. [10]

Clearly two of the most important requirements of the
system were time-criticality and all-weather capability. Since
ships move relatively fast, transmission of their position to
offensive ships needs to be made before the target changes
course. Secondly, adverse weather such as fog or rain squalls
can make accurate location and identification a very difficult
process. Both of these factors played very important roles 1n the
eventual design ot the system and 1ts operational characteristics.

3.2

Prime Contractors

The ocean reconnaissance programme received formal ap-
proval on 16 March 1961 with the i1ssuance of an official
Central Committee and Council of Ministers decree (no. 420-
174). A second decree on 3 June 1962 further defined details of
the system as a whole including the role of prime and secondary
contractors [ 11]. The ettort had the technical designation “US,”
standing tor the Russian abbreviation of “Controlled Satellite.”
A special Ministry of Defence order dated 18 June 1964
included the programme as part of its new five-year plan for
space-based reconnaissance. At the time, the US satellite
programme was given the codename Morya-1 (Seas-1) [12].
Quite likely Morya may have been the official Soviet designa-
tion for the programme, although by the time the system was
declared operational, 1t inherited the name Legenda (Legend).
In the mitial stages of the work, the prime contractor for the
entire satellite system was Chelomey’s OKB-52. The Design

400

Bureau was also responsible for developing a space launch
version of the UR-200 ICBM, designated the UR-200K, for
launching the satellites.

Much ot the early work on the US programme was carried
out 1n parallel with the Soviet co-orbital anti-satellite pro-
gramme, called Satellite Destroyer (“IS” 1n 1ts Russian abbre-
viation). In fact, the US and IS had major common elements,
such as the UR-200K launcher, the same satellite bus, and many
ot the same contractors. Development of the UR-200K booster
had been delegated to Chelomey’s Branch No. 1 based at
Moscow, which was collocated with the giant Khrunichev
Machine Building Plant. The two-stage rocket was to have a
mass of about 140 tonnes and was to be capable of launching
4.0 tonnes into a low Earth orbit, sufficient for satellites of both
the US and IS classes. The KB-1 1nitially served as the main
subcontractor for the radio-electronic and guidance systems
for the spacecratt. The roles of the OKB-52 and the KB-I
reversed in the mid-1960s soon after the termination of the UR-
200 ICBM programme. Many of Chelomey’s projects were
cancelled at the time, evidently because his chief sponsor,
Nikita S. Khrushchev, lost his hold on power 1n the Soviet
Union. In 1965, the KB-1 took over as the overall systems
integrator tfor both the US and IS satellite systems, leaving
Chelomey’s OKB-52 as the provider tor the satellite buses. The
KB-1 was thus responsible for the design of the satellite,
integration with 1ts launcher, and overall development of
control and guidance systems. Within the KB-1 1tself, although
General Designer Raspletin retained overall leadership of the
two programmes, the subordinate OKB-41 under Chief De-
signer Savin was directly responsible for implementation of the
projects. Perhaps because Savin’s work at the KB-1 was
beginning to encompass a huge array of space projects by this
time, the OKB-41 separated from the KB-1 1n 1973 and became
the independent Kometa Central Scientific-Research Institute
(TsNII Kometa) [13]. The KB-1 meanwhile continued 1ts work
on tactical and strategic surface-to-air missiles for the Soviet

Air Detence Forces. The KB-1 1s today known as the Almaz
Central Design Bureau (TskKB Almaz).

Within the OKB-41 1tself, there were several men under
Savin chietly responsible for creating the US system. These
included M.K. Serov (chiet of the thematic department) who
later became the Chiet Designer of the MKRTs, Yu.Ye.
Petrushchenko (chief of the laboratory tor ground-based sys-
tems), Gleb F. Zotov (chief of the laboratory for on-board
systems), 1.G. Ropoport (chiet of the theoretical department),
and V.V. Britvin (chiet of the thematic-theoretical laboratory).

After the loss of Chelomey’s UR-200K launcher for the US
system, the KB-1 subcontracted Chief Designer Mikhail K.
Yangel’s Yuzhnoye Design Bureau to provide the services for
a launch vehicle. On 24 August 1965, the Central Commuittee
and the USSR Council of Ministers 1ssued a joint decree to
create a new two-stage space booster on the basis of the R-36
(or SS-9 Scarp) ICBM whose primary job would be to deposit
both the IS and the US satellites into Earth orbit [14]. Two
variants were on the drawing board, one called the Tsiklon-2A
for early launches of mockups and test vehicles and an opera-
tional model called the Tsiklon-2. They were distinguished
primarily by the length of their respective payload fairings (See
Table 3 on p. 406). In an interesting historical aside, the lead
designer for these launch vehicles at the Yangel Design Bureau
was Leonid D. Kuchma, who 1s currently the President of
Ukraine. Yangel's engineers completed the so-called Dratt
Plan for both boosters by March 1966. Launch facilities, earlier
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From lett to right: the cancelled UR-200K space launch vehicle, the
TI'siklon-2A (or 11K67) configured for early launches of the US
system, and the Tsiklon-2 (or 11K69) configures for operational

launches of both US-A/RORSAT and US-P/EORSAT satellites.

Rocket nozzles of the large R-36 ICBM, designated the SS-9 Scarp

by NATO. The R-36 was developed into the Tsyklon series of space
launch vehicles.

created for the UR-200 at the Tyura-Tam launch range, were
also turned over for use by the Tsiklon-class rockets. These
included two launch pads at site 90 located about 70 kilometres
north-west ot the original town of Leninsk (recently renamed
Baykonur) which was part of the so-called “Left Flank” of the
missile range [15]. The fully-automated launch complexes
were created by the Design Bureau of Transport Machine
Building (KB TransMash) led by Chief Designer Vsevolod N.

Solovyev, modified from their original use for the UR-200K
rocket.

Originally, the primary operating organisations for the US
ocean reconnaissance system were the Directorate of Missile-
Artillery Armaments (URAV) and the Armaments Institute (IV
VME), both subordinate to the Soviet Navy [16]. One of the
leading architects of the US ocean reconnaissance system was
Captain Ist Rank (the United States Navy equivalent of Cap-

tain) Konstantin K. Frants of the [V VMF who laid much of the
foundation of Soviet naval strategy in the new space era. Frants

Staring at the Sea: The Soviet RORSAT and EORSAT Programmes

would personally brief Soviet leaders such as Khrushchev on
the utility of the US system. Eventually, operational duties of
the US system were inherited by the Russian Military Space
Forces (VKS, which recently ceased to exist as an independent
entity having been absorbed by the Strategic Missile Forces)
| 1'7]. The primary client for information from the ocean recon-
naissance system has probably been the Department of Satel-
lite Intelligence of the Naval Intelligence Directorate of the
Main Navy Statt, Naval Headquarters [18].

4. DEVELOPMENT AND DESIGN

4.1 Variants

The US programme was one of the first space projects from the
OKB-52, and General Designer Chelomey made good use of
his experience in the aviation industry—his background had
primarily been in the development of naval cruise missiles. In
this respect, the development of the US satellites differed from
concurrent Soviet space projects such as Vostok and Zenit since
Chelomey almost completely bypassed the conventional set of
subcontractors and manufacturing plants that had dominated
the field with Korolev’s spacecraft. This in turn meant that
Chelomey’s design decisions were, in many ways, completely
dittferent for a spacecraft than they might have been had he
chosen to go the conventional route.

Initially, Chelomey had conceived the US satellite as having
a single variant, carrying both a powerful radar as the primary
means for detecting ships on the ocean’s surface, as well as
electronic intelligence (ELINT) systems to monitor and detect
transmissions from ships to supplement the radar information.
Due to mass limitations, underlined especially by the change
of the launch vehicle from the more powerful UR-200K to the
less powertul Tsiklon-2, there was a revision of this approach
relatively late in the programme, probably in 1964-65. Petr S.
Pleshakov, the Director of the Central Scientific-Research
Institute-108 (TsNII-108) and Chief Designer Raspletin, to-

gether proposed developing two different classes of US satel-
lites:

(1) an “active” spacecraft with radar systems, called the
US-A: and

(2) a “passive”’ spacecraft with ELINT systems, called the
US-P. [19]

Pleshakov, who later would rise to become USSR Minister
of Radio Industries, oversaw the TsNII-108, one of the leading
research institutes in the country developing ELINT and radar
systems for the military. This institute was also the overall
systems integrator for Soviet ELINT satellites of the Tselina-

class whose buses were created by the Yuzhnoye Design
Bureau.

Radar resolution had to be sufficiently high so as to differ-
entiate between various types of American surface vessels,
which would all show up as “blobs” from the radar echos.
While radar was preferable, particularly due to the necessity
for all-weather operation, the use of radar also raised associ-
ated operational problems. Obtaining the kind of resolution
achieved by conventional photo-reconnaissance satellites was
out of the question, since that would require radars of massive
size 1impossible to launch into space at the time. But a modest
sized radar about eight metres in length could theoretically
detect vessels on the ocean’s surface down to a resolution of
20-30 metres. In order to increase resolution as much as
possible, engineers proposed adopting an operating orbit as
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low as possible, down to about 265 x 250 kilometres. Given the
attendant atmospheric density at that level, technically it would
not be etficient to use large flat solar panels to power the
spacecraft. Additionally, given the large amounts of electricity
needed to operate the radar, it was necessary to explore power
sources other than solar panels to provide power. As a result,
Chelomey and Raspletin agreed to use a compact nuclear
reactor on board the US-A spacecraft, a design decision which
aftected other characteristics of the vehicle such as the need for
radiation counters on the satellite, and the need to introduce
radiation safety measures during preparation of the satellite
prior to launch. The US-P spacecraft, operating in a slightly
higher orbit, would use solar panels to power its ELINT
systems. Both spacecraft would use a common bus that was
similar to the one designed for the parallel IS ASAT system. In
a recent history of the US programmes, Savin himself noted
that parallel but inter-related development of the US and IS
systems significantly reduced the amount of work committed
to both programmes [20].

4.2  US-A / RORSAT Design

4.2.1 The Reactor

For obvious reasons, the development of the nuclear reactor
was one of the most challenging elements of the US-A pro-
gramme. Chelomey’s OKB-52 had, even prior to work on the
US-A, begun to explore the possibility of using nuclear reactors
for powering its new generation of spacecraft. A Central
Committee and USSR Council of Ministers decree dated 23
June 1960 had approved exploratory work on a winged space-
craft generically called the Kosmoplan for voyages to the Moon
and the 1nner planets. The first design plans for this ambitious
vehicle had emerged by early 1961 when Chelomey conceptu-
alised a vehicle capable of automated flight to the Moon, Mars,
and Venus and capable of returning to the Earth and landing on
a conventional airfield [21]. Having initially explored the
possibility of using chemical liquid propellant rocket engines,
nuclear rocket engines, and electric rocket engines, Chelomey’s
engineers settled on the use of an electric rocket engine
powered by a small compact nuclear power-station for the
Kosmoplan. The unit as a whole consisted of a small nuclear
reactor with a turbine to convert the reactor’s power into
electrical power, a tubular radiator to dissipate heat, and
plasma rocket engines. Although the Kosmoplan programme
never received firm support from the Soviet government, these
early studies on nuclear power sources were no doubt instru-
mental 1n the early development of the US-A satellite.

Initial research on space-based nuclear powered units was
carried out by the Physical-Power Institute (FEI) at Obninsk
and the Kurchatov Institute of Atomic Energy (IAE) in Mos-
cow. Each 1nstitution supported and pursued different ap-
proaches. The FEI focused on using a semiconductor converter
for transforming the thermal energy of a nuclear reactor into
electricity, while the IAE explored the more advanced thermo-
emission converter concept. The two are also known as thermo-
electric and thermionic reactors respectively. Overall supervi-
sion was entrusted to the governmental Committee for the Use
of Atomic Energy although in later years development of the
reactors was overseen by the Ministry of Medium Machine
Building, the same ministry responsible for the manufacture of
all Soviet nuclear warheads [22].

There was evidently some degree of discord over which type
of reactor to install on flight versions of the US-A satellite.
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According to Sergey N. Khrushchev, the Soviet leader’s son,
Academician A.l. Leypunskiy from the FEI favoured ‘“a fast-
neutron reactor’ while Academician Anatoliy P. Aleksandrov
from the TAE preferred “a thermal reactor.”” Aleksandrov
evidently took the matter directly to Nikita S. Khrushchev, who
was none too pleased to be drawn into a technical decision
outside his competence [23]. In the end both directions were
pursued 1n parallel by the two different institutes.

Actual engineering and manufacturing work on the US-A’s
nuclear reactor was undertaken progressively by a series of
ditferent organisations, the work being transferred from one to
another 1n line with institutional changes in the Soviet defence
industry. Initial development began in 1960 at the Moscow-
based OKB-300 headed by General Designer Sergey K.
Tumanskiy, a Design Bureau whose primary focus up to that
point had been creating engines for jet aircraft [24]. In Decem-
ber 1972 when all reactor work was moved to a single entity,
the MKB Krasnaya zvezda, based in Moscow. The MKB
Krasnaya zvezda had been originally established in 1950 as the
OKB-670 under the famous Chief Designer Mark M. Bondaryuk
and eventually became the most prolific ramjet developing
entity in the USSR. When in 1972 its primary focus became the
development of nuclear reactors, all of its ramjet-related work
was transterred to the MKB Soyuz at Turayevo [25].

As per original specifications, these Design Bureaus en-
gaged 1n parallel work on two types of space-based nuclear
reactors, one with a semiconductor converter and the other with
a thermionic converter. In the former case, thermal energy is
non-magnetically transformed into electricity by means of the
thermo-electric effect occurring when semiconductors or junc-
tions of dissimilar metals develop a thermo-electromotive
force caused by temperature disparities between them. The
actual converter 1s heated by the nuclear reactor. Scientists at
the FEI evidently achieved success quicker than their competi-
tors, allowing the rapid development of the BES-5 reactor
which had an original rated power output of about 5 kW [26].
All test and operational models of the US-A satellite evidently
carried the BES-5, which probably had the operational desig-
nation Buk (Beech). According to official Soviet reports dating
from the late 1980s, the operational version of the US-A
satellite carried a reactor fuelled by U238 enriched with U235
which was encased in a beryllium reflector. In a report to the
International Atomic Energy Agency, the Soviets described the
reactor as consisting of 37 cylindrical fuel elements with 90%
U235 enrichment with a total mass of 31.1 kilograms [27]. The
reactor’s fuel assembly had a mass of 53 kilograms, was 0.6
metres 1n length and 0.2 metres in diameter [28]. Control
systems for the BES-5 reactor were developed by the OKB-12
under Chiet Designer A.S. Abramov, who also produced propel-

lant loading control systems for the giant N1 booster in the 1960s.

Later, 1n the 1980s, the MKB Krasnaya zvezda (then the
NPO Krasnaya zvezda) completed work on the long-awaited
multi-cell thermionic nuclear reactor model, designated the
TEU-5 (the Russian abbreviation for “Thermionic Unit at 5
kW™) or Topol, also rated at about 5 kW. In the case of
thermionic converters, electrical energy is obtained directly
from heat using the process of emission of electrons from a hot
cathode 1nto the inter-electrode space that is either evacuated
or filled with the plasma of alkaline metals. One of the
architects of these reactor programmes was Krasnaya zvezda
Chiet Designer V.I. Serbin, the son of the feared Chief of the
Central Committee Defence Department Ivan D. Serbin, who
exercised doctrinal control over the Soviet missile and space




TABLE 2a: US-A/RORSAT Satellites.

Staring at the Sea: The Soviet RORSAT and EORSAT Programmes

OKB NAME | INDUSTRY LAUNCH LAUNCH PERIOD OF | END OF REACTOR | COMMENTS

il il ol el
MANOEUVRE
US-A _ |(n1) Jpec27196511A510 | 13an 131966 | | model phase 1
US-A _ |(n2) |Jul2131966]11A510 | TAug 21966 |- | model phase 1
Kosmos-198 |US-A | — T(n3) | Dec 27 1967 Dec 28 1967 |- | model phase 2
US-A | (n4) [Mar 221968 ]11K67 | 1day |Mar 231966 |- | model phase 2
- lusa ] 0 15 [Jan251969 |mke7 |- |- |- [launch failure
Rosmos-367 |us-A | T(n6) |oct 31970 |11K69 | <3 hours |oct 31970 |~ |model phase 3
Kosmos-402 | US-A _ l(7) JlApr 11971]11K69 | <3 hours |Apr 11971 |- | model phase 3
Kosmos—469 JUusA | ~~  1(n8) [Dec 251971 |11K69 | 0 days |Jan 31972 | = | model phase 3
Kosmos-516 Jus-A | ~  T(n9) [Aug21 1972 |11K69 | 32 days |sep 22 1972 |BES5 |
_ fwsa I T(nio) [apr 251973 |11kes |- |- |®Ess
 Kosmos-626 | US-A | (n11) |pec 271973 | 11R69 | 45 days | Feb 0 1974 |BES5 |
US-A | (n12) |May 151974 [11K69 | 71 days | Jul 25 1974
US-A | (n13) |May 171974 [11K69 | 74 days | Jul 30 1974 [ BES-5 | worked w/ K—651
Rosmos-723 [Us-A | ~  T(n14) |Apr 2 1075 | 11R69 | 43 days | May 15 1975 |BES5 |
US-A  |(ni5) IApr 71975 | 11K69 | 65 days | Jun 11 1975 |BES 5 |
US-A | (n16) |Dec 121975 [11K69 | <3 hours | Dec 12 1975 | BES_5 -
Rosmos 860 |US-A [  [(nl7) |oct 17 1976 | 11K69______| 24 days | Nov 10 1976 | BES-5 e
Kosmos-861 | US-A [ (n18) foct 21 1976 | 11K69 | 60 days | Dec 20 1976 | BES-5 |
Kosmos-952 |US-A [  [(n19) [sep 16 1977 [11Ke9 | 21 days |oct 71977 |BES5 |
Kosmos-954 |US-A | | (n20) |Sep 18 1977 | 11K69 | c.43 days | Oct 31 1977 | BES-5 | reactor reentered
Sep 10 1980 | BES-5 mod
Jun 18 1981 |BES-5mod |
US-AM?
Sep 26 1982 |BES-5mod |
_Kosmos-1372 | US-AM? | 17F16? Jun 11982 |11K69 | 70 days |Aug 10 1982 [BES-5mod |
Kosmos-1412 | US-AM? | 17F162 | (n28) |Oct 2 1982 | 11K69 | 390 days | Nov 10 1982 |BES 5mod |
Sep 26 1984 [BES-5mod | |
Oct 31 1984 | 11K69 | 93 days [Feb 11985 |BES-5mod |
Kosmos-1670 [US-AM? [ 17F162 | (n31) |Aug 1 1085 | 11K69 | 83 days |oct 22 1985 | BES-5mod |
Kosmos-1677 |US-AM? [ 17F162 | (n32) |Aug 23 1985 | 11K69 | 60 days | Oct 23 1985 | BES-5mod |
Jun 21 1986 |BES-5mod [
17F16? Aug 20 1986 Oct 15 1986 |BES-5mod |
Kosmos-1818] 1 1 (n35) |Feb 21087 |11k60 |- |- |mu5  |workw/ K.1867
Jun 18 1987 BES-5 mod
Kosmos-1867] |  T(n37) [Jul 101987 [11Ke9 |- |- [TEus
Kosmos-1900 | US-AM? 17F16°? (n38) | Dec 12 1987 | 11K69 c.124 days | Apr 14 1987
K-1890
US-AM? Mar 14 1988
Sources:

j—h
]

Notes:

P

orbits into a safekeeping orbit.

Nicholas L. Johnson, The Soviet Year In Space 1988, Teledyne Brown Engineering, Colorado Springs, CO, 1989, p. /4.

T'he end of mission manoeuvre refers to the date that the reactor (or mockup) was boosted out of the satellite's operational

2. The end of mission manoeuvres for Kosmos-102 and Kosmos-125 denote the date of decay.

programmes for nearly a quarter century in the 1960s and
1970s [29].

T'here was a third <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>