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. Summary " The.Soviet-space nuclear power program has concentrated on developing
Information available nuclear reactors to provide electric power and on developing reactors to

as of 17 August 1991
was used in:this report.
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heat propeliant for nuclear rockets. As cariy as 1971, the Soviets were
using a low-power reactor to.generate about 2.5 kdowatts of electric power
to.operate.a Radar Ocean Reconnaissance’ Satelkte This program appar-
ently ended in 1988 probably because c:once,rn about accidental nuclear
reactor reentry outweighed the value of the short-lived satellite.

-1f the need arose, the USSR has the capabx&ty (o:use low-power reactors in

space at any txme
) | 25X1, E.0.13526 | - ,'

i |

Efforts to develop higher power output space reactor systems,

had funding sharply reduced. Although we believe termination s unlikely,
the space nuclear reactor will not make significant progress unless stable
sources of funding are found. Soviet scientists are urgently seeking support
from other countries, particularly the United States, for these programs.
These scientists see foreign support as 2 soucce of much-needed hard
currency and 4s a means of locking in Soviet.Government furding.[ |

Within 10 years the Soviets could produce a thermionic reactor with| ]
| {Research is under way

- that could lead to fast reactors using in-core multicell thermionic convert-

ers and gas-cooled reactors coupled to turbines producing from hundreds to
a few thousand kilowaltts of electricity, The lack of funding has limited
work on these 'systems to component tests.[:]

The Soviets have p{xrsued development of nuclear reactors for rocket
propulsion for more than 30 years, but progress has been slow,

25X1, E.0.13526

S ——Greret-
D : SW9J-1p074x
Oeiober 1981

T e T, . . ;

unma,w e T —_— _ !
A A i B “Withheld under statutory authority of the

Central Intelligence Agency Act of 1949 (50
—SESRET— U.S.C., section 3507)




C05617806

T ]

Withheld under statutory authority of the
Central Intelligence Agency Act of 1949 (50

U.S.C,, section 3507)
Tables .
1. RORSAT Launch History ) s
2. ‘Soviet RTGs Developed for Use on Satclhtes ' 7

of the Regatta Program

Secret

vi




C05617906

SN

—SEERET—

At e it ot A T T 5 A= e st 4t & i S a1 L

Withheld under statutory authority of the
Central Intelligence Agency Act of 1949 (50

U.S.C,, section 3507)
Coutents :
Page
Summary it
Introduction 1
Spacs Electrical Power Generation 1
- ' Thermoelectric Energy Conversion i
Romashka 1
RORSAT 2
Radiaisotope Thermoelectric Generators 6
Thermionic Energy Conversion s
"TOPAZ 6
Cosmos 1818 and Cosmes 1867 7
Yenisey (TOPAZ-II) 9
Brayton-Cycle Conversion - 10
Space Nuclear Propulsion Techpology 13
Nuclear Electric Propulsion : 13
Nucléar Rockets 13
] Selid-Core Nuclear Rocket Development 13
25X1, E.0.13526 |C 1 17
" Gas-Core Nuclear Rockets 17
Prospects and Missions for Soviet Space Nuclear Power 18
Near-Term, Low-Power Missions 18
High-Power Missions and Nuclear Rockets i8
Mass Mission 18
Other Porential Missions .21
Appendlx
Rockct Propulsion Technology—A Primer 23
Insets .
Thermoelectric Conversion 1
Thermionic Conversion -3
Space Nuclear Propulsion Technology 13

i i Q&«AX-(‘»
5 v:ni.,g‘ RTINS oSN S

—SECRET




C05617906

Withheld under statutory authority of the
Central Intelligence Agency Act of 1949 (50

U.S.C., section 3507) .
The Soviet Space
Nuclear Power
Program .
Introduction

The Soviet Union established nuclear power for space
applications as a goal in the early 19505, The Soviets
moved quickly in the development of low-power nucle-
ar reactors for electric power praduction in space. By
late 1971, they began routinely using a system pro-
ducing approximately 2.5 kilowatts of electricity
(kWe) to power a military satellite known to the US
Intelligence Community as the Radar Ocean Recon-
naissance Satellite RORSAT).[ |

Work on high-power reactors for space applications
and on nuclear rockét technology proceeded more
¢ slowly. Near-full-scale testing of nuclear rocket fuel
*did not begin unti} 1975. Although Soviet claims
about nuclear rocket fucl development are impressive;
neither the nuclear rocket nor the high-power reactor
effort has moved beyond the component testing phase.

Space Electrical Power Generation ~

Thermoelectric Energy Conversion

In the 19505 the Soviets began to develop nuclear
reactors with thermoelectric energy conversion for
space applications (sce inset). Soviet scientists appar-
ently pursued parallel programs, which may have used
the same thermaelectric material but had no other
common features. The Romashka reactor never devel-
oped beyond demonstrating technology, and the com-
peting program became the power source for the
Soviet RORSAT. (Romashka is Russian for “daisy,”
so called because of the ﬁower-hkc arrangemmt of its

radiator fins)[”_ |

Romashka, On 14 August 1964 the Soviets began
testing the Romashka-i-a simply designed, fast reac-
tor with thermoelectric energy conversion—at the

Thermoelectric Conversion

Thermoelectric Converter

Hot junetion

A R

Tempemmrc
drop

'In 1821, Thomas Seebeck discovered that voltage is

produced by dissimilar materials in ¢ temperature
gradient——a phenomenon known as the thermoelec-
tric effect. Few practical applications existed until the
1950s, when semiconducting thermoclectric materials
were developed. As heat is applied 16 a P-N ® semi-
conductor junction, elecirons move from the hot to
the cold end of the N-type material, and positive
charges move from the hot to the cold end of the
P-type marerial (see figure), This charge movement
creates a voliage, Thermoelectric converters are low-
efficiency devices; oniy 2 to 5 percent of the supplied
energy is converted to electricity. They are alsa
highly reliable, simple, and durable, which makes
them attractive for space applications. D

& The leym F-N refers to 1he two [ypes of semiconduciing materiol,
In P-type materiel, current flows by movement of positive charges
{koles). in N-type muaterial, current flows by mavement af negative
charges (electrons) [ |
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Institute of Atomic Energy imeni Kurchatov (IAE) in
Moscow. The Romashka was fueled by uranium
dicarbide (UC,) contained in 11 plate-like graphite
containers. These plates were sisrounded by a mono-
lithic radial beryllium reflector. A key feature was a

. layer of graphite cladding between the fuel containers
and the beryllinm reflector and another layer between
the cutside of the reflector and the converters. The
graphite prevented chemical reactions between the
reflector and fuel and the reffector and the silicon-
germanium (SiGe) thermoelectric converters. Materi-
al compatibifity was 2 major concern in the Ro-

’ mashka program | i
] he first

Romashka never reached criticality because the mate-
rials reacteqd so poorly when the reactor was heated to0

| 25X1, E.0.13526 |

operating temperature. |
the Romashka that began operating in 1964 was

actually the second Romashka.]::]

The design goal for Romashka was 1,000 hours of
operation, but it actually accurnulated 15,000 hours
pefore being shut down for examination in 1966 (see

Agure ) 09T oo 8 0.13526 |

__& “new Romashka™ bad been developed.|

| 25X1, E.0.13526 |

and the “new Romashka™ was apparently the last, In
the early 1970s, 1. D. Morokhov published a paper
describing a Romashka with a thermionic converter
(see inset). The idea of a thermionic Romashka reap-
peared in a 1990 paper presented at the Seventh
Sympasium on Space Nuclear Power Systems, but
this was nothing more than a revisit of the earlier
1970s-concept.

RORSAT. The Soviet RORSAT used 2 nuclear reac-
tor to power a conventional, real aperture radar, The
RORSAT was developed to locate and track US
carrier battle groups. The relatively low-power radar
iimited the maximum RORSAT operational orbit to
less than 360 kilometers (km). The Soviets have stated
that a reactor was the only feasible power source for
- this satellite series. They claim that solar arrays

capable of providing several kilowatts of slectrical

~Seeret..
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Figure 1
Design Parameters of
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Thermionic Conversion

Thermionic Converter

=¥ Casitm reservoir

/ J"'"""_

Thomas Edison first observed the emission of elec-
trons from a heated lamp filament, Heating metal -
increases the Kinetic energy of conduetion elecirons.
Electrons with kinetic energies greater than a value
known as the work function may escape the surface of
the metal. If a cooler meral surface is placed close ta
the hot surface, electrans “boiling o™ the hot surface
will condense an the cooler surface. The hot surface ™
that emits the electrons is called the emitter, and the
cooler surface that collects the electrons is called the
" collector. If a conducting path is provided between the
emitter and collector, a current will flow. Filling

gases are used in thermionic converiers to neutralize
the space charge thar would otherwise build up
around the emitter and retard the passage of elec-
trons. Cestum vapor is the most common filling gas

(see figure).[ ] , , "ﬁ

Thermionic converters are relatively inefficient de-
vices fabout 5 to 10 percent of the energy is converted
to electricity}, but they are more effective than ther-
moelectric converters and retain much af their rug- )
gedness and simplicity, Thermionic converters can
operate at a high-heat rejection temperaiure, which is
particularly important in space applications, because
the size of the radiator is inversely proportional to
the fourth power of the temperature. Thus, thermion-
ic reactors offer the possibility of comparatively high-
conversion efficiency and a compact radiator, reduc-
ing overall system mass.

The technical challenge of a thermionic reactor using
tn-core converters is in the converter design and
materials, The fuel elemenis are complex, and the
emitter-collector spacing is typically about 0.5 milli-
meter. Properties of the emitters, collectors, and
insulators must be maintained, despite having to
operate at high temperatures in a high-radiation
environment. Further, the emitter material must re-
sist the tendency of the nuclear fuel to expand as the
reactor operates. |

i

/

power would have been so large that drag would have
“severely affected satellite stabilization and jts life-
span.[] :

~~The RORSAT used 3 fast reactor with liquid metal
~ {sodium-potassium edtectic alloy) coolant and thermo-
electric converters. Heat was dissipated by a radiator
covering much of the forward portion of the satellite.

L———-i 25X1, E.0.13526 F———

of Cosmos 626, 651, and 6§54 suggested a reactor
thermal power of about 50 kilowatts thermal (kW).
However, analysis of debris from Cosmos 954 indicat.

. ed the power was about 100 kWt. Other characteris-

tics are given in figure 2.[:]

The RORSAT's missions typically lasted about 65
days, although missions as short as eight days and as

Withheld under statutory authority of the
Central Intelligence Agency Act of 1949 (50
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long as 136 days were observed (see table 1)) At the
¢nd of the missian, the reactor was shut down by
ground command or by a preprogrammed automatic
sequence, separated from the satellite, and boosted
into 3 high orbit (about 800 kin), If the boost was
successful, the reactor would remain in orbit for about
300 years, allowing its radicactivity to decay 1o 2 safe
level before reentry. If the boost did not oceur,
however, the highly radicactive reactor would reenter
the atmosphere within a year or less, Because the
Saviets recognized that if the boost was nat successful
the RORSAT reactor wauld reenter the atnosphere,
they designed the reactor to break up on reeatry,
thereby dispersing the fuel by serodynamic heating.
Theoretical and experimental studies of RORSAT
reactor breakup were described in a paper preseated
in 1991 at the Eighth Symposium on Space Nuclear
Power Systems.

But when the RORSAT Cosmos 954 fajled to boast
itself into high arbit and reentered the atmosphere
over Canada on 24 January 1978, radicactive
debris—a few pieces with activities as high as 200
roeatgens per hour—were spread over a large area.
The contaminated area was uninhabited, but, if reen-
try had occurred over a populated area, radiation
injuries, and possibly a2 few deaths, would have oc-

curred, As a result, the Soviets added 2 backup safety
systein to the RORSAT) .
\T25X1, £.0.13526 |

\this backup system is auto-

RN

matically activated by the loss of radio contact or loss
of satellite stability or by atmospheric heating when
the satelite reaches an altitude of about 100 km. In
addition, the reactor was modified so that the core
was ejected about 50 minutes after the activation of
cither the primary or backup safety systems, whether
or not the reactor had reached high orbit. Ejection of
the core was intended to guarantee that the highly

radioactive fuel was dispersed in the upper atmo-

sphere by separating the reactor from structural and
teflector material that might protect the fuel durmg
reentry.

f RORSAT missions were not limited by the reactor's fifespan. The
seactor on the malfuactioning Cosmos 1900 was stiil operating
after 294 days, when the emergency backup system finally activat-
w0 ]

Withheld under statutory authority of the
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Tahle 1
RORSAT Launch Hxstory
Mission Cosmes | Launch Date Launch Time (Zulu} Days of Radar
Operation
Prapulsion tests 102 27 Dec 1965 2225
125 20 Jul 1966 0858
Transfer mancuver tests 1987 27 Dec 1967 1129
209 22.Mar 1968 0930
- Failures 25 Jan 1969 1114
Failure s 1 Nov 1969 ~ 1059
367 3.0¢1 1970 1026
. 402, { Apr 1971 1130
Operationa) satellites 469 . 25 Dec 1971 1130 10
516 21 Aug 1572 1036 b7
Failure = - 25 Apr 1973 0910
626 ) 27 Dec (973 2020 46
Dual-system tests 651 15 May 1974 0730 12
654 17 May 1974 0653 75
723 2 Apr 1975 1100 3
724 7 Apr 197§ {100 66
. 185 12 Dec 1975 1245.
860 17 Ot 1976 1807 24
861 2t Oct 1976 1653 62
952 16 Sep 1977 1425 21
9540 18 Scp-1977 1348 40
Post—Cosmos 954 (1176 29 Apr 1980 1140 134
missions 1249 5 Mar 1981 1809 106
1266 21 Apr 198( 0345 3
1299 . 24 Aug 1984 1637 12
1365 .14 May 1982 1928 136 -
.13 T Jun 1982 1358 7
. 1402« 30 Aug 1982 . 1006 124
1412 200 1982 ¢ 0002 40
1579 29 Jup 1984 0028 90
' 1607 31 Oct 1984 1229 93
1670 1 Aug 1985 0536 83
1677 23 Aug 1985 2234 61
1736 21 Mar 1986 1005 92
1771 20 Aug 1986 1258 55
1860 18 Jun 1987 2133 40
1500 12 Dec 1987 1421 120
1932 14 Mar 1988 1421 56

= Spacecraft d;d not achieve orbit; therefore, it fs not given Casmos

designation.

& Cosmos 954 reentered aver Canada on 24 January 1978.
< Cosmes 1402 reentered over the Indian Occan on 23 January

1983,

4 Casmos 1500 backup safety systam acuvatcd oo October 1988.

Thistableis| |
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The core successfully separated from Cosmos 1402
after it failed to boost itself into high orbit.and

~ reentered the atmosphers oo 23 January 1983. The
1ast RORSAT safety system failure was in 1988; this
time the backup system of Cosmos 1900, triggered by
atmospheric heating, Successfully boosted the reactor
to high orbit. There have been no RORSAT faunches
since Cosmos 1900-malfunctioned. Considerable in-
ternational concern over the malfunctioning of Cos-
mos 1900, and subsequent statements by Soviet scien-
tists, suggest Soviersafety reqiirements bave been
changed to preclude the operation of reactors in low

. . . Earth orbit.[ |

Radxmsogape Thermoelectric Generators
Radioisotope thermoélectric generators (RTG) are
composed-of a nuclear heat source and thermoelectric
power conversion equipment. Unlike a reactor, where
fssioning uranium is the heat source, the heat source
for an RTG is radicactive decay of an artificially
produced unstable isotope. In 1964 the Soviets
launched an “Orion” RTG or Cosmos 84. A second
RIG followed on Cosmos 90. The “Orion” was a
short-lived RTG using a poloaium-210 beat source
{138-day balf-life). These technology demonstration
flights are the only knowh use of RTGs in space by
the Soviets. The Soviets did use radiisotope heat
sources to warm critical equipment on the Lunokhod
moos ravers in 1969 and 1973, but the RTG program
was basically dormant for 25 years,

In 1990, Soviet scientists blamed their lack of pro-
gress in RTG development for space applications on
inadequate funding. Recently, the Soviets decided to
again use RTGs inspace..Small RTGS are being
developed for use on two satellites of the Regatta
program, which will study the affect of solar activity
on the environment, sclieduled for jaunch in about
1995, The RTG will provide an gutenomous power.
source for the satellite data and control unit. Small
RTGs may zlso be used on the “small space labora-
lory” satellites planned for about the year 2000. Work

on larger RTGs is-faltering.\

25X1, E.0.13526 |
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Thermionic Energy Conversnoa
Steps leading to the developmem of tthemuomc reac-
tors began in 1958 at the Insng‘ne of: Physxc:s and

Power Enginecring (FEI), Obhninsk, If-reactor tests of
thermionic converters began fo-1961.] 25X1, E.0.13526

‘compcnng programs o' build thermionic
Space reactors began in 1965: The TO!

" which originated in Obningk, feamred.a reactcr using
malticell themuomc fuel elemems (’l’ FE) (TOPAZis
the Russian acronym for* thermxomc ogversion in
the reactor core”™ or termoe‘ issionnyy-opyinyy preo-
brazovanie v akzxvnoy zo‘ 'I.'he chsey design,
which originated in the Central Design Bureau for
Machine Building in Leningrad {(now St. Petersburg),
featured single-cell TFEs. Initially, these were alter-
nate versions of the same project, but the programs
quickly became separate. Initial work on the TOPAZ
was funded by the Soviet Navy, possibly for eventual
use in submarine detection. The Yenisey reactor was
originally to power a geostationary civilian cornmuni-
cations satellite. Later| ithe
military took over the Yenisey reactor. Potential
military missions for the Yenisey included powering
an aircraft surveillance radar satellite and a military
communications satellite. A lifespan of 10,000 hours
at a power of at least 5 kKWe was required. Unlike
TOPAZ, Yenisey was a highly classified program.

25X1, E.0.13526 |

TOPAZ. In 1970 the first pratotype TOPAZ reactor
became operational at the FE] in Obninsk. This
reactor was shut-down {n 1971, after [,300 bours-af
operation at power levels vp 10 7.2 kWe. A second
TOPAZ protatype became operational in 1972 at
Qbninsk. This reactor operated for 5,000 hours but
reportedly produced electricity for only 1,600 hours.
A third TOPAZ prototype became operational in
March 1973 and generated electricity for 2,760 hours,

[y
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L’» Table 2 i
“ Soviet RTGs Developed for Use on Saiellites
i of the Regatta Program
) - Electrical ~ Weight Specific
;. Power {kilograms} Power
L . {watts] {wans/
i kilograms)
g . RTG-238-0.02712 0.2 0.5 0.04

: RTG-238-0.3/7 03 2.0 0.15

) RTG-238-3/7 3.0 -850 0.6

[ |

The prototype TOPAZ reactors were zirconium
hydride moderated, liquid metal cooled, and fueled
with uraniem dioxide enriched to 90 percent uranium-
235, The reactors used 79 TFEs, each containing five.
converters. The TFEs were connected in a series-
parallel arrangement with six circuits in the outer
section and an auxiliary section of 19-parallel, con-
nected TFEs in the center dedicated to the electro-
magnetic coolant pump. Reactor control was accom-
plished by using rotating drums with absorber
sections in the reflector. [__—_j

Although early TOPAZ reactor performance was
satisfactory, TFE performance was, at best, marginal.
Efficiency levels were lower than expected. Poisoning
of emitter surfaces by trace impurities caused electri-
cal power to decrease with time. Mass transfer of
emitter material to the insnlators and fuel swelling
decreased internal resistance of the interelectrode
gap, causing short circuits. Clearly, materials prob~
leras severely limited the lifespan and thus the poten-
tial utility of the TOPAZ prototypes. [:]

The TOPAZ prototypes were followed by a fourth
reactor installed in the TOPAZ facility at the FEI
Two types of emitters were tested: tungsten-coated
single-crystal molybdenum and uncoated single-
crystal molybdenum. According to a paper presented
in May 1990 at the Obninsk conference on nuclear
power ¢agineering in space, the reactor operated for
5,000 hours and produced up 1o 9 kWe. Tests were
completed in 1978, but the results have never been

- published, and the existence of this reactor was not
revealed unti] 1990.] |

| 25X1, E.0.13526 | ———

| Jasof July 1977 the TOPAZ program was
complete, and the Soviets were capable of “flying” a
nuclear thermmmc convcrter Howcvcr, automatic
startup of a prototype TOPAZ fegctor was not
achieved untzi 1979.This was followed in the period
1982-84 by» two, testsuaf ﬁsght-system protatypes. The
first prototype. whxch used smgle-crystal molybdenum
emitlers covered thh smgle-crystal tungsten, was
tested for 4; 500 hours. E hc second protatype, which
used smglc»crystal folybdenun emiters, operated
for 7,000 hours. These tests were followed by orbital
tests of two thermionic reactars[ |

Cosmos 1818 and Cosmos 1867. On 1 Febtuary 1987
the Soviets launched the first thermionic reactor into
space on Cosmos 1818. This was followed on 10 July
1987 by a second reactor on Cosmos 1867, Unlike the
RORSAT, these reactors operated in the 800-kilome-
ters orbit, and so no end-of-life orbital transfer ma-
neuver was required, Cosmos 1818 operated for 143
days, and Cosmos 1867 operated for 342 days.

Beginning in 1989, the Sovicts revealed a number of
details about the flight tests of the two reactors. The
reactor is now referred to as TOPAZ-I. It used the
TOPAZ multicell TFE design. The reactor on Cos-
mos 1818 used single-crystal molybdenum emitters,
and the reactor on Cosmos 1867 used an emitter of
single-crystal maolybdenum coated with a layer of
single-crystal tungsten. The lifespan of both reactors
was limited by the amount of cesium carried (2.5 kg).
Cosmos 1867 operated longer because the oplimum
cesinm pressure for tungsten emitters is lower: No
attempt was made to recycle cesium, which passed
through the reactor and was vented to'space through a
zero-thrust nozzle. According ta Soviet stalements,
there was no design requirement for 2 long life for the
TOPAZ-1 system. Had the supply of cesium not been
limiting, loss of hydrogen from the zirconium hydride
moderator would have limited life to about two years.
Characteristics of the TOPAZ-1 reactor are given in

figure 3. [:]

Withheld under statutory authority of the
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Figure3
Design Parameters of TOPAZ-I Reactor
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L Soviet scientists claim that Cosmos 1818 and Cosmos  submarines. Flight tests of TOPAZ-I were successful,
- 1867 were primarily reactor tests but the Yenisey (TOPAZ-11, se¢ figure 4) reactor won
the competition. The TOPAZ-I production program
[ 25X1, E 0.13526 [the TOPAZ-I flights were was terminated, and two space reactors that had been
} _ . intended to verify reactor suitability for useasa - completed are for sale,

S power source for satellites designed to monitor US
i

| Withheld-under statutory authority of the
¢ Central Intelligence Agency Act of 1949 (50
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Yenisey (TOPA

Z-1) 351, E.0.13526

hhe first complete test of the Yenisey reactor
 occurred in 1973, Unlike TOPAZ-Y, the Yenisey can

RS

be fully tested in & nonnuclear mode by inserting
tungsten heaters into the TFEs in place of the nuclear
fuel pellets. Nannuclear tests continued up to 1982 n

o
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Figure 5
Brayton—Cycle System

Turbine
=

Generator

Compressor

Heat exchanger

A Brayton-cycle system is simply a closed-cycle gas wrbine
with & nuclear heat source and a gaseous working fluid,
typzcan}' ‘helium or xenon. Most such. systems utilize &

The motive for switching to 2 dynamic power cunversion
system is 10 increase efficiency over static convension
systems. A Brayton-cycle system would typically bave

L <heai exchanger called a recuperator 1o increase efficiency. an efficiency of 20 to 30 percent.

[___J g I
5 vacuum test stands in Leningrad (now St. Petersburg). : \
i’:‘ 7 The total number of tests is unknown, but the engi- 25X1, E.0.13526 -
tg neer claims that between 1975 and 1980 at least seven [ The cesium supply still limits
v test reactors were produced and that by 1982 three or ~ ultimate life to about three years, but the Soviets have
. four test reactors were built each year, The existence designs for a circulating cesium syster and estimate
f' o~ of the Yenisey reactor was revealed in 1990 at the that the ultimate limit on the operating lifespan of the
; Seventh Symposium on Space Nuclear Power Sys- TOPAZ-I1 is in the five- to seven-year range.
T e tems. During the presentation, Ponomarev-Stepnoy,
e apparently not having approval to reveal the classified FZSXL E.0.13526 }
f:’g name, stumbled over what to call the reactor. A US|
;,»”’ scientist volunteered the name TOPAZ-1I, which the l I :
i Soviets have used ever since. 25X1, E.0.13526

: Brayton-Cycle Conversion
I "~ Jthe bulk of Soviet
b work on electeic power production in space has fo-
1{‘3" cused on thermionic energy production. However,
A work on closed-cycle Brayton systems for higher
E«’r‘;;‘ 25X1, E.0.13526 i power applications is also being conducted (sce figure
: 5))
s | | 25X1, E.0.13526 >
{,"
i
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‘Figure 6
h teristi
| 25X1, E.0.13526 RA Reactor and Characteristics
; l—J o \ RA Reactor
The principal fuel-¢lement test facility is the 400- | Exhaust system

, Kilowatt RA reactor..Key technical characteristics of
; the reactor are shown in ‘figure 6. Sketches shown in
1990 at Obninsk and in 1991 at Los Alamos, New
Mexico, indicate the reacior is air—cooled; the cooling
air mixes with heated inert gas from the test channels
and then exhausts directly to the.atmasphere. This
design precludes the use of the reactor for turbine
tests, consistent with Soviet statements that complete

Brayton-cycle systems have not been run in a nuclear
mode,

.- Test fuel
~ assemblies

Channel filling system
(argon, helium,
and nitrogen)

L TS
Pl

ha

25X1, E.0.13526

| 25X1, E.0.13526 |
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Space Nuclear Propulsion Technology

Electric Thrusters .
Electric thrusters.are low'z}xmst very-}ug}:—speczﬁc-

Space Nuclear Propulsion Technalogy

Nuclear Electric Propulsion

The USSR first used electric prapulsion in 1962 on
Zond-2, which used pulsed magnetoplasmadynamic
(MPD) thrusters for satellite orientation. This was
followedin 1971 by tests of a steady state MPD
thruster on a Meteor satellite,\ \

25X1, E.0.13526 |
\Today, the Soviets claim 1o routinely

use xenon propellant MPD thrusters on satellites]

| 25X1, E.0.13526 |

Nuclear energy is the only practical source of power
for large thrusters. The Sovieéts havé discussed using
nuclear-powered electric prapulsion systems, requir-

ing from tens of kilowatts for orbital mancuvering to _

tens of megawatts for botk manned and unmanped .
spaceflights to Mars| :

| 25X1, E.0.13526 |

{Hewcver, work on space propuision is focus-
ing on the more sophisticated MPD technology

[25X1, £.0.13526 |

—

Nuclear Rockets
Soviet research on nuclear rockets began in the late

19503.{

| 25X1, E.0.13526 |

13

impulse (I, }engmes Tines of thrusiers include:

. Arcjer—propez’fam gas flows through and is heated
by an electrical arc. I, is generally greater than
1,000.

s Magnetoplasmadynamic current flowing through
ionized propellant gas in a coaxial thrust chamber
interacts with a magnetic field to produce thrust. I
is greater than 1,500.

» Jon engine-propellant atoms are ionized, and the
resuliant fons are accelerated 1o high velocities by
an electrostatic field. The exhaust beam is neutral-
ized by electron injection. 1, is greater than 3,000.

Nuclear Rockets

Nuclear rockets use energy from fission to heat up a
low-molecular-weight propellant, usually hydrogen,
which is expanded through a nozzle to produce
thrust. A nuclear rocket with solid fuel can attain an
Iy, of between 830 and about 1,000. If fissioning

- plasma could be used as a hear source in a nuclear

rocket, an I, of roughly 2,500 is atiginable. []

Solid-Core Nuclear Rocket Development. Testing of
developmental fuel for solid-core nuclear rockets be-
gan in 1962.l

| 25X1, E.0.13526

]
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Figure 8
Pulsa Graphite Reactor
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| | Test fuet
X assemblies
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| The Soviets have focused t-liéi’g‘:eﬁ'orts on developing
. and testing nuclear rocket ?fnpl_.\
| 25X1, E.0.13526
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K - S “it
K l > Gas-Core, Nuclear ‘Rackers ‘The. Sowets thave.been ‘
3 . discussing:i :Eds-core. reactor concepts. since the 19505, - g
o , - bur the effort has*mma ied at thé concept stage: The 4
* 5 principal proponean ujxvnecent years was V. M:] ycvlcv,
I who. headed the Division! for Nucle 4 :
- At thc,N nTp until his deathin 1990, The sch me !
B . | 25X1. E.O.13526 favored since the.inception of the. programfm‘a cavzty- .
T - , type reacror using a magnetic ﬁe{d»to‘conﬁne the '
s P ’ .Bissioning plasma. Heat is transferred:to-the hydrogen .
by radiation—a pracess enhanced’ by alkali metals
' i . seeded in the coolant to:increase opti densityiOver N !
. —_— the years, AUMErous experiments. have'be een per-
ks s, : _formed on the mixing-of gas jets;the effect of acoustic d
vibrations on crmcahty. dnd the stability of-tiratiium
L ) hexafioride (UFJin-a: r%cmrwﬁxcept for an experi- ’4-‘%
.“ SE _ - , ment. year§ ago’ Vmon_stratmg thalna UEfueled :
!.1_ trow ¥ reacs.,,* £ Ta a b ,;
e : ; surrogate matenals, such as Freon @ o
. ) ra:her than &ssxlc matcna, In 1983 the program was .
) K
LA propanents kept a smalk research i 'u a!we. Accord-
R RS o ing to a paper presemeda ﬁbmnsk in May 1990, the
S NIITP in 1991 in.cooperation with the IAE, will
e oo ) attempt to create.a urgmum plasma in the centerof 2
St S stream of flowing hydrogen i m the IGR reactor.
TR s Researchers hape-10 éﬂ'y achzeve a plasma tem-
T a perature of 8,000 to 000 K and obtain, for the first
A time, data to validate tHédretical models.
L - ; § -
i
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Prospects and Missions for
Sonet Space huclear Power

\

C

N a 'Term, Low-Power Mnssions

of thxs pawer class, Aithough there” are probably

There areino: obvnous mxssxons ihowew:r, for reactors:

T

- powers.. Meis. unhkely ‘that:a- thcnmomc fastreactor'or. | ©
a Brayton-cycle systcm would bc ready for space dse -

'RORSATS available. for use should:a erisis. ansc, .
there hav: bccn no launchs smce Cosmos 1900

o

Al a,, eputy Du-eczor of the USSR'
Research‘ Ifistitute, and Ponomarev-Stepnoy,
Hav :both:stated that there are no plans to orbit -
P anothex nuclear-powcrcd spacecraft until after the

Sovxct Government funding.has become
ndfa m:uor poruon of fundmg for the

SR fxmpelus for»-further Saviet funding of the program.

TFE -l'ast reactors producmg 100 kWe 10 1:'5'»MWe

[

o
=

‘ |“‘“J| 25X1, E.0.13526 |

durmg the 13th F

X Vear Plan (1991 95)
| 25X1, E.0.13526

‘_I_I'

Recent concept papers. emnsnont the arhest mission: fo.
be in: the ycar 2018, when zhe relalwe posmons of
Edrih: aud Mars mmmmze travel time: Because of .
thexr rcported success in, developmg and tcstmg nucle-
ar fuel elemcnts, thisis a reahstxc goa for.a well=

system development. thher thcy claxmed support
for space programs is dxmlmshmg Envxronmental
concerns have precluded fuel-devclopment testmg at
Semipalatinsk since 1985. Accordmg to
mov, Director of-the NIKIET
test facility i xs being cons:der

' 'Arctxc Circle would be-difficult and expensive, Fur-

Adamov ‘had
decnded to’ deemphasm: space nulearp pulsmn in

~order to ‘use the funds for research.on- ni:x gencrauon
- power feactors. Smetannikov-added that the consen-

_ sus amaong NIKIET scientists was thiat the space’

- nuclear propulsion program would eventually be can-

celed unless it received Western investment.

]| 25X1, E.0.13526
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i

R B —

' | ‘ 25X1 E.0.13526 |that funding: . TOPAZ tcchnology. unless another oountry,volun- -

*f0r=d¢vclopmenttof a latgc nuc!car rockct engme was tccrs 0. fund: zhe pro;ect Thus;it is;most-un he
tis they are lookmg serxously at;nuclear» rockets for ttus
apphmtxon .

q"

\thc So--
vxezs»werc unhkely to pursuc -these applxcauons, as the

pmvxdcs a time advantagc—a fcw hours;from low . ar;pr C
Earth orbxt to geostaucmarykorblt rathcr- than the: year “Was: based on: the facmha the Soths a[read‘ hit

.0r.'§0: reqmrcd fora nuclear—elecmc propulsxon Sys- ASAT systems and an. ABM ,stem Thus;, ﬁuclcar
tem Time is lmportam, not.only:i in; gcttmgathe propulsxon would xmprove onfy: mcrcmentaliy an &xist-
N satellite into use but’ also in reducmg the‘time: spentin :ing. mpabxhty, rathcr than ¢reating a. capabxhty

e s .- the Earth’s radiation: bclts The Sovxets howcvcr, wxll
SRR ~ have to weigh the codt advamag&s of a:reusable tug .

: : against concerns about the possxble reentry of a N

R R reactor from low Earth orbit. Tht.-i Saviets apparently
S " .. - ° . are not very serious abouti orbxtalhtugs,ugmg g:x;_s;mg

5 s . - I3

| 25x1; E.Q.-13526 |
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A Appendix
"Ll L ) Racket Propuismn
A Technology—-—A aner .
'rhe thrust produced by any rocket-is detenmned 08

A 3 ooo Kelvin (K). This intieréntlin

iarge gxtcm by the cxhaust velocuy, whxchsls propor—

T

. gh a-nozzle. The best avadabl xid
R j‘ comb nation is hydrogcn-oxygcn, wmchf _burns -Pro- .

cket is potennally capahle of re g ’
operatmg temperatures and uses&ydrogen,

* samc exhaust temperature: & mscieaz: rockct wxu ham
' = three times the exhaust velocityof ’—‘hl’dmgfngzgyggp
. rcckct’ engme,D i TRy Bt

B The s:mple fact that the cpex'atmg tf;mperamre of-the:

: 19'@

rvt . lookiat designs in which the fuel wa a‘:pla‘sm‘ )

L Addmg “mccmwc to. this effort:xs that:as(hydr' gdi‘zl
: ratum exceed about: 4 000 K- the molccules

i
4

begm to dzssoclate AL, thc g" 'tcmperaturcs suggeszed
for plasmaocore nuclear rockcts the ropeliantis {uliy ;
dnssoczated hyd Gzen with. 3. molccula ; ‘fal 1: .

mia!}iacrfdrm_ance

grcatcr an~
ke.y dxﬁ‘xcuk);
eff ecm' ea

'

.Rocket engine performance is.afte charactenzed by

4 parameter called the speczﬁc~zfnpulse (% p) deﬁned ,
as the ratio of the: thmst j ratedlper uml ﬁow rate.
“of propellant. A:hydrogei 1
thcoreucally, the most effic nt;chcmxcal“engmem
typlcally hag- an I‘;, of - -abou 25, seconds. In’ <:cmtrasszL
a’solid-core nuclear rocket -could, have an’ I of 1,000.
seconds, and a plasma-corc nuclédr rockét an i‘p of

2, 508 seconds:. Etectrxc thrusters prod

range of 1,500 to over 10,000 secandsﬁ

'
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	he first
	he first

	"R==-om-as-=hka_n_ev_e_r_r-ea-c""h-cd~cn
	mate· rials reacted so poorly when the reactor was heated to 
	Figure
	The design goal for Romashka was 1,000 hours of operation, but it actually accumulated 15,000 hours before being shut down for examination in 1966 Csce 
	figure l). ln 1977J I25Xl, E.0.13526 j 
	B"new Roma~hka" bad been developed.) 
	B"new Roma~hka" bad been developed.) 
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	and the "new Romashka" was apparently the last. ln 
	the eal'ly 1970s, I. D. Moro~ov published a paper describing a Romashka with a thermionic r.:onvertet (see inset). The idea of a thc'nnionic Ro~ashka re.ar>­peared in a 1990 paper presented at the Seventh Symposium on Space Nuclear Power Systems, but this was nothing more than a revisit of the earlier 
	1970s ·conce_pt.c=J 
	RORSAT. The Soviet RORSAT used a nuclear reac­tor to power a conventional, real aperture radar. The RORSAT was developed to locate and track US carrier battle groups. The relati\•ely low-power radar limited the maximum RORSAT operational orbit to less than 300 kilometers (km). The SoViets have stated that a reactor was the only, feasible power source for this satellite series. They claim that solar arrays capable of providing several kilowatts of electrical 
	Figurel Design Parameters of Romashka Reactor 
	Figurel Design Parameters of Romashka Reactor 
	­
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	Thermionic Conversion 
	Thermionic Conversion 
	Thermionic Conversion 
	Thermionic Converter 

	Thomas Edison first observed the emission ofelec~ trans from a heated lamp filamenr. Heating metal · increases the kinetic energy ofconduction electrons. Electrons with ki~tic energies greater than a value 
	known as the work function may escape the surface of the metal. 11 a cooler meral surface is place4 close lo the hot surface, electrons "boi/ingaff'' the hot surface wi/J condense on the cooler surface. The hot surface "­that emits the electrons is called the emitter, and the cooler surface that co/leers the electrons is called the collector. IIa conducting path i's provided between the emitter and collector, a current will Row. Filling 
	known as the work function may escape the surface of the metal. 11 a cooler meral surface is place4 close lo the hot surface, electrons "boi/ingaff'' the hot surface wi/J condense on the cooler surface. The hot surface "­that emits the electrons is called the emitter, and the cooler surface that co/leers the electrons is called the collector. IIa conducting path i's provided between the emitter and collector, a current will Row. Filling 
	gases are used in rherrnio11ic converiers lo neutralize 

	rhe"space charge thaz would otherwise build up around rhe emitter and retard the passage ofelec­trons. Cesium vapor is the most commonfi.l/ing gas (see figure}. D 
	rhe"space charge thaz would otherwise build up around rhe emitter and retard the passage ofelec­trons. Cesium vapor is the most commonfi.l/ing gas (see figure}. D 

	Thermionic converters are relatively inefficient de­vit:es {about S to JO percent af rhe energy is convened 
	Thermionic converters are relatively inefficient de­vit:es {about S to JO percent af rhe energy is convened 
	Thermionic converters are relatively inefficient de­vit:es {about S to JO percent af rhe energy is convened 

	to electricity), bur they are rnore effective than ther~ 
	to electricity), bur they are rnore effective than ther~ 

	moelectric converters and retain milch afthei1' rug­
	moelectric converters and retain milch afthei1' rug­

	gednes6 and simplicity. Thermionic converters can 
	gednes6 and simplicity. Thermionic converters can 

	operate at a high-hear rejection remperaiure, which is 
	operate at a high-hear rejection remperaiure, which is 

	particularly important tn space applications. becallSe 
	particularly important tn space applications. becallSe 

	rhe size afrhe radiator is inversely proportional to 
	rhe size afrhe radiator is inversely proportional to 

	the fourth power ofthe temperature. Thus, thermion­
	the fourth power ofthe temperature. Thus, thermion­

	ic reactors offer: the possibility of comparatively high­
	ic reactors offer: the possibility of comparatively high­

	conversion td}iciency and a compact radiator. reduc­ing overall system mass. D 
	conversion td}iciency and a compact radiator. reduc­ing overall system mass. D 

	The technical challenge Of a thermionic reactor using 
	The technical challenge Of a thermionic reactor using 

	in-core converters is In the converter destgn and 
	in-core converters is In the converter destgn and 

	materials. The fuel elements are complex, and the 
	materials. The fuel elements are complex, and the 

	emitter-collector spacing is typically about 0.5 milli­
	emitter-collector spacing is typically about 0.5 milli­

	meter. Properties of the emilters, collectors, and 
	meter. Properties of the emilters, collectors, and 

	insulators must be maintained. despite having to 
	insulators must be maintained. despite having to 

	operate ar high temperatures in a htgh-radiarion 
	operate ar high temperatures in a htgh-radiarion 

	environment. Further •.the emitler material must re­
	environment. Further •.the emitler material must re­

	sist the tendency afrhe nuclear fuel to expand as the reactor operates. D · 
	sist the tendency afrhe nuclear fuel to expand as the reactor operates. D · 


	power would have been so large that drag would have ·severely affected :satellite stabili.2ation and its life­span. D /The RORSAT used a fast reactor with liquid metal {sodium-potassium eutectic alloy) coolant and thermo­electric converters. Heat was dissipated by a radiator covering much of the forward portion of the satellite. I I25Xl, E.0.13526 
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	power would have been so large that drag would have ·severely affected :satellite stabili.2ation and its life­span. D /The RORSAT used a fast reactor with liquid metal {sodium-potassium eutectic alloy) coolant and thermo­electric converters. Heat was dissipated by a radiator covering much of the forward portion of the satellite. I I25Xl, E.0.13526 
	of Cosmos 626, 651, and 654 suggested a reactor thermal power of about 50 kilowatts thermal {kWt). However, analysis of debris from Cosmos 954 indicat­ed the PoWer was a.bout 100 kWt. Other characteris­tics arc given in figure 2.0 The RORSAT's missions typically lasted about 65 days, although missions as short.as eight days and as Withheld under statutory authority of the Central Intelligence Agency Act of 1949 (50 U.S.C., section 3507) 
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	long as 136 days were observed (sec table l).' At the end or the mission, the reactor was shut down by ground command or by a preprogrammed automatic sequence., separated from the satellite, and-boosted into a high orbit (about 800 km). If the boost was successful, the reactor would remain in orbit for about 300 years, allowing its radioactivity to decay to a safe level before reentry. If the boost did not oceur, however, the highly radi<lactive reactor would reenter the atmosphere within a year or less, Se
	But when the RORSAT Cosmos 954 failed to boost itself into high orbit and reentered the atmosphere 0ver Canada on 24 January 1918, radioactive debris-a {ew pieces with activities as high as 200 roentgens per hour-were spread over a large area. The contaminated area was uninhabited, but, if reen· try had QCcurred over a populated area, radiation injuries, a11d possibly a few deaths, would have oc­curred. As a result, the Soviets added a backut1 safety system to the RORSAT>,. IlSXl, E.0.

	,___.,_.,,,_.______.I this backup system is aut9­matically activated by the loss of radio contact or loss of satellite stability or by atmospheric heating wbcn the satellite reaches an altitude or about IOO km. In addition, the reactor was modified so that tne core was ejected about SO minutes after the activation of either the primary or backup safety systems, whether or not the reactor had reached high orbit. Ejection of the core was intended to guarantee that the highly .radioactive fuel was dispersed in
	' RORSAT mi.slliollS were not limited by the rcacior's lirupan. The 
	' RORSAT mi.slliollS were not limited by the rcacior's lirupan. The 
	reactor <ln Lhe malfunctionina Cosmos 1900 was still opcr:itlng 
	after 294 day;, when th• croeracncy backup system finally activat· 
	Withheld under statutory authority of the Central Intelligence Agency Act of 1949 (50 4 U.S.C., section 3507) 
	... .
	Figure

	.. SECRET..
	Tablel RORSAT hlJ.!lcb· History 
	Tablel RORSAT hlJ.!lcb· History 

	Mission 
	Mission 
	Mission 
	C-o:im\lli 
	I 
	Launch Oaui 
	Launch Time (Zulu) 
	Days of Radar 

	TR
	Operation 

	Propulsion ·tesu 
	Propulsion ·tesu 
	102 
	27 Dec 196S 
	:m.s 

	TR
	12.S 
	20 Jul 1966 
	OSS8 

	Transfer maneuver tests 
	Transfer maneuver tests 
	198' 
	27 D« 1967 
	1129 

	TR
	20!1 
	22.M:ar 1968 
	0930 

	TR
	Failure• 
	is Jan ·1969 
	lil4 

	TR
	Failure~ 
	l Nov1969 
	10.S!I 


	367 402. 1 Operational satellites 469 
	367 402. 1 Operational satellites 469 
	367 402. 1 Operational satellites 469 
	3 Oci 1970 1 Api: 1971 25 be.: 1971 
	1026 \ 1130 .1'130 
	![) 

	si"6 
	si"6 
	21Aug1972 
	1036 
	32 

	Failure• 
	Failure• 
	25 Apr l973 
	0910 

	626 
	626 
	27 Dec 1973 
	2020 
	46 

	651 
	651 
	IS May 1974' 
	0730 
	12 

	6S4 
	6S4 
	17 May l974 
	om 
	7S 

	723 
	723 
	2Apr'1975 
	1100 
	3 

	724 
	724 
	7 Apr 1975 
	1100 
	66 

	785 
	785 
	12 bee l97S 
	1245. 

	860 861 
	860 861 
	17 O<;t !976 2:1Oet1976 
	1807 16~3 
	62 


	9S2 
	9S2 
	9S2 
	16 Sep 1977 
	142S 
	21 

	954• 
	954• 
	is S~·l977 
	1348 
	40 

	Post-Cosmos 954 · 
	Post-Cosmos 954 · 
	1176 
	29 Apr i980 
	1140 
	134 

	mission$ 
	mission$ 
	1249 
	S. Mar 198! 
	1809 
	106 

	TR
	1266 
	21Apr1981 
	0345 
	8 


	129!1 
	129!1 
	129!1 
	24 Aug 1981 
	1637 
	12 

	1365 
	1365 
	.l4 May 1982 
	1928 
	136 

	1372 
	1372 
	l Jun 1982 
	nss 
	71 

	1402• 
	1402• 
	3G Aug ·19a2 
	;.1006 

	!412 
	!412 
	2 OCt 19.82 / 
	( 0002 
	40 

	1$79 
	1$79 
	29 Jun 1984 
	0028 
	90 

	1607 
	1607 
	31 Od 1984 
	1229 
	93 

	1670 
	1670 
	1Au111985 
	OS36 
	83 

	Hi.77 
	Hi.77 
	23 Aug 1985 
	2234 
	61 

	!736 
	!736 
	21 Mar t986 
	lOOS 

	1771 
	1771 
	lOAu' 1936 
	12.SS 
	SS 

	1860 
	1860 
	18 Jun 1987 
	2133 

	1900d 
	1900d 
	12 Dc.e 1987 
	1421 
	llO 

	l932 
	l932 
	1~ Mar 1?88 
	1421 
	66 


	•
	•
	•
	Spacecraft dii:l not acliieve orbit; therefore, it is not i:lven ·cosmas .d=ignadon. .b Cosmos 954 reentered aver Canada on 24 Jarcuary 1978. · .

	•
	•
	Cosmos 1402 reentered over the Indian ~non 23 January .1983. .4 C<lSmos 1900 backup safety system activated 011 t October 1988. .
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	Tue CJre successfully sepaf!lted from· Cosmos l 402 after it failed.. to ·boost itself into. high orbit.. apd reentered the atmosphere oo 23 January 198l. The 
	\Y3S in 1988: this time the backup system of C-Osmos I90Q, triggered by atmospheric hcating,·suc\:essftt,!ly·boOst~ the reactor to high orbit. There·bave been nollORSAT.faunches since Cosmos 1.900-malfunctioned: Considerable in-· ternationat roncern over 'the maifunctioning of Cos· . mos i 900, and .subseque~t.lltatem~nts by· Soviet scien­tists, suggest'Sovienafety reqwrements have been changed to preclude the operation of re~ctors in low E.art4 orbit. CJ · 
	Radioisotope Thennoelectric Ge;neratora Radiois9tope thennoelc1Jtric generat6is (RTG) are composed·of a nuclear heat source and thermoelectric power conversi9n equipme~t. Unlike a re.actor, where fissioning uranium is the heat source, the heat sou.rec for an RTG is ra~ioactive decay of an artificially produced unstable·isotope. In 1964 the Soviets launched. an t'O,rion" RTG on CosmQs 84. A second RTG followed on Cosmos 90. Th" "Orion" was a short-lived RTG using a po1onium-2l0 heat source (138-day half-Uie)
	In L990, Soviet scientists blamed their tack of pro­gress in RTQ development for space applications on ~dcquate·funding, Recently, the. Soviets d~id,.d to again use RTGs in..spaee..Small RTGs are being developed for \!Se on two satellites of the·Regatta program, which will study the affect of solar activity on tb.e environment, schepuled for launch in about 1995. The RTG will provide an ~\!.to-qomous pow.er. source for t~e satellite data and control unit. Small RTGs may also be used on the .. small space la
	25Xl, E.0.13526 
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	Thermionic Energy Co1:1r~!"Siori Steps leading·to the ~ev.~iriP,~ellt qf•thl:;rmionic reac­tors )>egan in 1958 at the· · te:ofrPhysics and Power J:;:ngineering (FEI);• · !In.reactor tests of .thermionic converter.s began hd96f. 25Xl, E.0.13competing 'progra,triS -p-ac_e_rea_o..,..to"""rs began in l965?Ftic:  wbicb·or-iginated.in .Obnin~k, .· multicell i:~ermionic fue · .· . . (TOPAZ is .the 'Russian acronym: for· "th~rmioni6 cilnversion in the re~ctor core" or "fer : " . . . . •.ifnYY·~PJltn.VYprecr braroli
	526 '-s
	526 '-s

	·
	·


	onginally to power a geostationary civilian communi· ...-----------, 
	cations satellite. Later, the 
	cations satellite. Later, the 

	25Xl, E.0.13526 
	military took o~er the Yenisey reactor. Potential .military missions for the Yenisey included powering .an aircraft surveillance radar satellite and a military .communication6 satellite. A lifespan of 10,000 hours .at a power <if at least S kWe was required. Unlike .TOPAZ, Yenisey was a highly classified program. .
	military took o~er the Yenisey reactor. Potential .military missions for the Yenisey included powering .an aircraft surveillance radar satellite and a military .communication6 satellite. A lifespan of 10,000 hours .at a power <if at least S kWe was required. Unlike .TOPAZ, Yenisey was a highly classified program. .
	I I 
	TiJP4Z. In 1970 the first prototype TOPAZ reactor .became operational at the 'F.EI in Obninsk. This .reactor was shut·dow.n in 1971, after l,300 hours·of .operation at power levels up ~o 7.2 kWe. A second .TO)?AZ prototype became operational in 1972 at .Obninsk. This reactor operated for 5,000 hours but .rep0rtedly produced electricity for only l ,600 hours. .A tliird TOPAZ protQcype b~meoperational in .March· 1973 and generated electricity for 2,760 hours..
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	TaWel S<nietRTGs Developed for Use OD Satellites of the Regatta Pro~ 
	TaWel S<nietRTGs Developed for Use OD Satellites of the Regatta Pro~ 

	EI~tric:al Weiitht Specific Power (kilograms) Power . (watts) (wans/ kit<>gram.r) 
	RTG.238-0.02/12 
	RTG.238-0.02/12 
	RTG.238-0.02/12 
	0.02 
	o.s 
	0.04 

	RTG-238-0.3(7 
	RTG-238-0.3(7 
	o.:i 
	2.0 
	O.lS 

	RT0·238·;3/7 
	RT0·238·;3/7 
	3,0 
	. s.o 
	0.6 


	The prototype TOPAZ reactors were :zirconium hydride moderated, liquid metal cooled, and fueled with uranium dioxide enriched to 90 percent uranium· 
	235. The reactors used 79 TFEs, eacb containing five. converters. The TFEs were conqected in a series­paraUel arrangement with silt circuits in the outer section and an auxiliary section of 19·paralle!, con­nected TFEs in the center dedicated to the electro­mapetic coolant pump. Reactor o:introl was acmm­plished by using rotating drums wttb absorber sections.in the reflector.c:J 
	Although early TOPAZ reactor performance was satisfactory, TFE performance was, at best, marginal. Efficiency levels were lower than expected. Poisoning of ~itter su~faces by trace impurities caused electri­cal power. to decrease with time. Mass transfer of emitter material to the insulators and fuel swelling decreased internal resistance of the interelectrode gap, causing short circuits. Clearly, materials prob.­lcms severely limited the lifespan and thus the poten­tial u~ility of the TOPbZ P\Otot~.!=:J . 
	The TOP~Zpr~tolypcs wen: followed by a fourth ryaclo.r ins~Ued in the TOPAZ facility at the FEI. Two types of emitters were tested: tungsten-coated single-a-ystal molybdenum and uncoated single­crystat molybdenum. According to a paper presented in May 1990 at t~e Obninsk conference on nucle~r 
	power engineering in space, the reactor operated for S,000 hours and produc:cd up to 9 kWe. Tests were completed in i978, but the results have nevei: been , and the existence of this reactor was not 
	publisb.ed

	revealed until 1990.!=:J 
	revealed until 1990.!=:J 
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	as of JuJy 19?1 ~~~ TQPAZ'program was complete, a~d:;t!lc;: So'f'.\ets 'Ycre.cahable of "flying" a nuclear thermionic-ronverter. ·However, automatic startup of -o~ype'.lf~~AZf~~tor was not achieved · 979. •This was i'oliowed in the period 1982·84 byl two tests1offlight•sy;tem prototypes. The first protot)~·.'\~hi~li use9 singl~~~ystal molybdenum emitters CPV<;i'ed.With.~irtgle-.cf:Y~~l tungsten, was tested for 4lsdtfliours.'T:qe s~cQnd:.tirototype, whfoh used singl~-~;~st~l 'irli>\Ybdenilm' emitters, operat
	Cosmos 1818 and Cosmos 1867. On l February 1987 the Soviets launched lhe first thermicnic reactor into space on Cosmos 1818. ·This was followed on 10 July 1987 by a second reactor on Cosmos 1867. Unlike the RORSAT, these reactors orierated in the 800·k:ilome­ters orbit, and so no end-of-life orbital transfer ma­neuver was required. Cosmos 1818 operated for 143 days, and Cosmos 1867 operated for 342 days. 
	Beginning in 1989, the Soviets revealed a number of details about the flight tests of the two reactors. The reactor is now referred to as TOPAZ-I. It used the TOPAZ multicell TFE design. The reactor on Cos­mos 1818 used single-crystal molybdenum emitters, and the reactor on Cosmos 1867 used an emitter of 
	single-crystal molybdenum coated with a layer of single-crystal tungsten. The lifespan of both reactors was limited by the amount of cesium carried (2.5 kg). Cosmos 1867 operati:O longer be<:au.se the optimum cesilim pressure for tungsten emitters is lower; No attempt was made to recycle cesium, which passed through the reactor and was vented to'sP.ace through a zero-thrust nozzle. According to Soviet staLcments, there was no design re.quirement for a long life for the TOPAZ·I system. Had the supply of cesi
	P
	Link
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	Soviet scientists claim that Cosmos 1818 and Cosmos 1867 were primarily reactor tests
	,....th_e_T_O_P_A-Z--I-fli-gh_t_sw-e-re___, 
	intended to verify reactor suitability for use as a  power source for satellites designed to monitor US 
	submarines. Flight tests of TOPAZ-I were successful, but the Yenisey (TOPAZ-II, see figure 4} reactor won the competition. The TOPAZ-I production program was terminated, and two space reactors that had been completed are f?r sale. I I 
	Withheld-under statutory authority of the Central Intelligence Agency Act of 1949 (50 · U .S.C., section 3507) 
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	TOPAZ-I Reactor 
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	be fully tested in a nonnuclear mode by inserting
	be fully tested in a nonnuclear mode by inserting

	Yenisey (TOPAZ-II) I25Xl, E.0.13526 the first complete test of the Yenisey reactor occurred in 1973. Unlike TOPAZ-I, the Yenisey can 
	tungsten heaters into the TFEs in place of the nuclear fuel pellets. Nonnuclear tests.continued up to 1982 in 
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	Figures .Brayton-Cycle System' . 
	Figures .Brayton-Cycle System' . 


	( I·' Reactor 
	A Brayton-cycle system is simply n. cl()l;ed-cycle gas turbine 
	The moti\'e for switching to a dynamic power oonven;ion .system is 10 increase efficiency o~rstatic comren1ion .systems. A Brayton.cycle system would iypically hilVe;.an efficiency of 20 to 30 percent. .
	wi.th a· n,qc.loor beat source and a gaseous working fluid, typ,ic:all)•:helium or xenon. Most such.systems utilize a .heat C:xi;hanger c:alled a n:cuperator 10 increase efficiency. 
	vacuum test stands in Leningrad (now St. Petersburg). The total number of tests is unknown, but tb.e engi­neer claims that between 1975 and 1980 at least seven test reactors were produced and that by 1982 three or ·four test reactors were built each year. Th!,: existence of the Yenisey reactor was revealed in 1990 at the Seventh Symposium on Space Nuclear Power Sys-terns. During the presentaOon, Ponomarev·Stepnoy, apparently not having approval to reveal the cla~ified name, stumbled over what to call the re
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	The cesium supply still limits  ultimate life to about three years, but the Soviets have designs for a circulating cesium system and estimate that the ultimate limit on the operating lifespan of the TOPAZ..II is in the five-to seven-year range. I25Xl, E.0.13526 
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	Brayton--Cycle Conversion / I ~ lthe bulk of Soviet work on electric power production in space has fo. cused Qn thermionic energy production. However, work on closed-cycle Brayton systems for higher~wer applications is also being conducted (see figur)e 
	Brayton--Cycle Conversion / I ~ lthe bulk of Soviet work on electric power production in space has fo. cused Qn thermionic energy production. However, work on closed-cycle Brayton systems for higher~wer applications is also being conducted (see figur)e 
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	The principal fuel-element test facility is the 400­kilowatt RA reactoi .. Key tec~nical c~aracteristics of the reactor are shown irdigure 6. Sketches shown in 1990 at Obninsk and in 1991 at-Los Alamos, New Mexico, indicate ~he reactor is air-<:aoled; the cooling air mixes with heated inert gas from the test channels and then exhausts directly to the-almosphere. This design precludes the use of the reactor for turbine tests, consistent with Soviet statements that complete mode.I Brayton-cycle systems I · ha
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	.Figure6 RA Reactor and Characteristics 
	.Figure6 RA Reactor and Characteristics 
	RA'1eactor 
	RA'1eactor 
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	Figu.re7 _Brayton-Cycle Developments 
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	Electric Tlt.rus1ers 

	Electric thrust~r~-rmr
	lt?it:thr.us{. very-h,igh-specific­

	Sect
	Space Nuclear Propulsion Technology 

	Nuclear Electric Propulsion The USSR first used electric propulsion in 1962·on Zond-2, which· used pulsed magnetopli!Jimadynamic (MPD) t.hrusters for satelli~e orientation. This was followed·· in 1971 by tests of a steady state MPD 
	thruster on a Meteor satellite. 
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	use xenon propellant MPD tlirusters on. satellites 
	_.Today, the Soviets claim to routinely 
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	Nuclear energy is the only practical source of power for large thrusters. The Soviets have discussed using nuclear-powered el¢tric propul,sion systems, rcquir· -ing from tens of kilowatts for orbital maneuvering to tens of megawatts for both manned and unmanned spaceflights to Mars 
	25Xl,E.0.1 
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	____,However, work on space propulsion is focus· 
	Figure

	ing on the more sophisticated MPD technology 
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	Nuclear Rockets Soviet research on nuclear rockc:ts be an in the late 
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	• .
	• .
	• .
	Arcjet-propellant gas flows through and is heated .by an electrical arc. Tsp is generally greater than .1.000; .

	• .
	• .
	Magnetoplosm.adynamic current /lowing through .ionized propellant gas in a coaxial thrust chamber .interacts with a magnetic.field lo produce thrust. I,P .
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	is greater than l,500. 
	• .Ion engi1te-propel/anr atoms are ionized, and the .resultant ions are accelerated to high velocities by .an electrostatic.field. The exhaust beam is neutral­.ized by electron injection. l,p {J greater than 3,000..
	D . 

	Nuclear Rockets .Nuclear rockets use energy from fission lo heal up a 
	low-molecular-weight propellant. usually hydrogen, .which is expanded through a nozzle to produce .thrust. A nuclear rocket with solid fuel can attain an .l,P ofbetween 850 and about 1,000. !f/issioning 
	· .plasma could be used as a hear source in a nuclear rocket, an '•P afroughly 2.500 is at1ainable. D 
	· .plasma could be used as a hear source in a nuclear rocket, an '•P afroughly 2.500 is at1ainable. D 
	Solid-Core N11dear Ruckel Deve/oJJment. Testing of developmental fuel for solid-core nuclear rockets be­gan in 1962. 
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	Figul"e8 Pul~Graphite Reactor 
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	The Soviets have focused tl:ieir efforts on developing . and testing nuclear rocket :rµ~l.\ --..... 
	25Xl, E.0.13526 I ' 25Xl, E.0.13526 I 
	' 
	' 
	l A. .' 

	P
	Link

	W,ithhelq under statutory authority of the Central Int~lligence Agency Act of 1949 (50 .u.s.c~, sectio_n 3507) 
	W,ithhelq under statutory authority of the Central Int~lligence Agency Act of 1949 (50 .u.s.c~, sectio_n 3507) 
	25Xl, E.0.13526 
	25Xl, E.0.13526 

	25Xl, E.0.13526 
	25Xl, E.0.13526 

	Gas-Core:Nil~l'ear: 'Roe~e~s/thc $.ovietsfhaye-:b~ discussing:g~s;:Qre.r,eactor-c009AAts.sinc:e the 1950s,. bur the effo{~·lias.1~mAH:i~. 'ilt· lh~ cilncept stage: .Tne principal pro~ne_ni::fa,recein yea,r5 ~~~ V. M;)yfvlev1 who headW:tl!e.D'ivisfon:for N µ<:1car:RockcfEngines at tilc;NIItP Uriti't his d~th1in :{99'o. The s'cllehic' . 'f~vCii&i si~ce the.inception of.tbe p;ogtarri:is;a.~~ity­type reactor using a magnetic field.'to~confine the . fissioning plasma. Heat is transferred~t6.·thi: hydrogen by rad
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	• It'iS not surprising that the Soviets have been hard , pr!=Sse~ tci :i\igg~i missions for TOPAZ-U. The low P:o~e:,~~n·41s~ort--design life limit and proviq~ li.t~l~;;if.  a,riY.,;tdyai:it~gc'over solar array.s. Iristead,-,thi;,. S9v,icts ,~,emph~sjz,:~:.t~e:potential for TOPAZ varja~ts"W~tll , ttiuch higher~P.?'*er, power that only a1nu~1ea{sys~em  cci~~~ ii.r~Ma~..'..~ovi~t concept papers have di~!=u~~::  • -TOPAZ·~var1ants Nfltb powers of 50 to go·k\V.e. · sucli:ia.systern•might·bc·possible, ':' ~-'1 ' 
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