
History of Soviet Topaz Reactors

•  First US Thermionic (TI) ideas, LASL, 1957

•  USSR Scientists visit LASL in 1958

•  First US Tests on TI principles, 1959

•  First USSR tests on TI, 1961
•  Single TI cell ==> ENISY (later TOPAZ-II)

Developed in early 60's at Sukhumi, 67 at the central Design Bureau
for Machine building (CDBMB) in Leningrad.  Later many
organizations participated:

•  Kurchatov Inst. of Atomic Energy-Moscow (Nuclear
methods and analysis)
•  Scientific Ind. Assoc. Lutch-Podolsk (Developer of TFE's)
•  Sukhumi Inst. Tech. Physics-Sukhumi (Reactor automatic
control system)
•  Res. Inst. Chem. Mach. Building-Zagorsk (thermal
vacuum testing)
•  Sci. Inst. of Instr. Building-Moscow (Nuclear test facility)
•  Kraznoyarsk Spacecraft Designer-Kraznoyarsk (Mech. Testing
and spacecraft integration)
•  Prometheus-St Petersburg (materials development, welding,
liquid metals)
• TOPAZ-II Manufacturing-Tallinn, Estonia (Actual
construction)

•  Multi-Cell TI ==> TOPAZ (later TOPAZ-I)

(Thermionic Experiment with Conversion in Active Zone, developed in
Moscow by RED STAR, who also developed the "Bouk Reactor"
[Beech Tree] which flew 33 RORSAT missions)

•  Russians first acknowledge "TOPAZ" in 1971



•  First Ground Test in 1971

•  Cooperation between the two Russian groups lasted until
early 70's, then was ceased because of differences in design
philosophy

•  USSR has flown at least two TOPAZ-I systems for a new
generation of Ocean surveillance satellites,

Cosmos - 1818, 2/1/87, lasted 6 months
Cosmos - 1867, 7/10/87, lasted 1 year

Difference was W coating on Mo single crystal in Cosmos-
1867 (in order to reduce the work function and reduce Cs
consumption that limited Cosmos-1818 to 6 months operation)

• Near the end of 80's, USSR approached US company
about possibility of purchasing Russian space equipment

•   Offered for sale to U.S., Jan 1990
** Will Sell 5 kWe, “Flight Tested” for ≈8 $M

•  Sold 2 Topaz-2 reactors (minus fuel) to US for 13 $M.
They were delivered Spring 1992

•  First test of B-71 (electrical) completed in May 1993.
Performed by Phillips Lab (PL), Sandia (SNL), Los Alamos
(LASL), and Univ. New Mexico (UNM)

•  Testing of the Ya-21 (thermal & vibration) started in Aug
93 and will be finished in CY 1994 (has already run for
1,000 hr's.)

•  Clinton administration is considered buying 4 more
Topaz-II reactors (w/o fuel) for 21 $M (never did it)











Comparison of USSR and US Fission Space Reactors
Features SNAP-

10
Early
Romaska

SP-100 TOPAZ-1 Later
RORSAT

Flight
Status

1965 65-? Cancelled 87-? 67-?

Thermal-
kWt

45.5 40 2,000 150 <100

Elec.
Power-kWe

0.65 0.8 100 5-10 <5

Converter T/E T/E T/E T/I T/E
Fuel U-ZrHx UC2 UN UO2 U-Mo
kg-235U 4.3 49 140 12 25
Reactor
Mass-kg

435 455 5,422 320 <390

Control Be Be Be Be/B4C Be
Coolant NaK None Li NaK NaK
Reactor
Type

Thermal Fast Fast Thermal Fast

Temperature °K
Core -max 858 2,173 1,650 N/A N/A
Hot
Junction

774 1,253 1,290 1,875 950

∆T 152 315 448 1,000 N/A

T/E FOM-
(°K)-1

0.00058 N/A 0.0014 N/A N/A



USSR Topaz-II Design Requirements

•  Mass not to exceed 1061 kg (not including mass of
automatic control system)

•  Should provide 6 kWe at TFE terminal at 27 volts.

•  Operating life of 3 years @ 95% reliability and have a
shelf life (after fabrication) of 10 years.

•  Reactor must not operate before achieving orbit.

•  Coolant must not freeze before operation.

• Originally designed for GEO (36,000 km)
--------------------------------------------------------------------
Topaz-II Components

1.)  Reactor
2.)  Radiation Shield
3.)  Primary Coolant Loop
4.)  Gas Systems
5.)  Thermal Cover
6.)  Primary Power System
7.)  I&C

Picture

Table of parameters
(Note Overall Efficiency ≈ 5.2%)

•  Topaz-II incorporates in-core single cell TI fuel elements
which can be replaced by electric heaters to test system
before activated.

Top view of Topaz-II reactor







•  Reactor contains 37 single-cell TFE's (3 for the EM pump, 34
to power system)

•  Note ZrH1.85 moderator block (special coating to keep from
losing hydrogen)

•  Note SS vessel

•  Note 3 safety drums and 9 control drums

•  Shield uses LiH and SS to reach radiation limits at 18.5 m for
3 years of 1011 n/cm2, and 50,000 roentgen (γ) (had to increase
mass from 190 to 390 kg in 1985 because of change in
electronics).

Picture- Coolant flow path
• Found main contribution to LiH swelling is γ induced release
of H to form H2 bubbles

•  Note single EM pump for NaK (∆T 743=>843°K)

•  SS piping and Cu fins for heat rejection

•  Cs supply delivers Cs @ 0.5 g/day (had to increase the Cs
inventory from 0.455 kg to 1 kg)

•  Instrumentation & Control Functions
•  Start-up power system (fast startup to 4.5 kWe
[98 kWth/808 °K] in 65 minutes)
•  Maintain normal operating conditions

•  Stabilize voltage to payload
•  Act on commands from ground control





•  Shut-down power system
•  Safety control during land-based operations
•  Telemeter performance data to ground
•  Shunt excess power to ballast resistors
•  Charge storage battery

•  Fuel
•  96% 35U in UO2 with radial holes of 4.5,6, or 8 mm
depending on location
• Max fuel temp ranges from 1773 to 1923 °K
•  BeO pellets at both ends act as reflectors
•  Had to change from 31 to 37 TFE's and increase

height of core to reduce power density, thus avoiding shorting
due to swelling.  They also increased the size of the inner hole to
facilitate fission gas release as well as increasing the gap
thickness.

Picture TFE Working Section

•  Mono-crystal Mo has 3% Nb added to increase strength This
decreased the emitter deformation by a factor of 2 (no
longitudinal welds)
•  Spacers (Sc2O3) prevent shorting due to fuel swelling
•  Helium filled gap outside the collector insulator and the inner
diameter of the coolant tube helps heat transfer and keeps
electrical insulation
•  Coolant pipes angled through shield to reduce streaming
•  NaK is preheated on the pad to avoid freezing (note thermal
cover to avoid premature cooling had to be increased to keep
NaK,

MP = -13 °C (( 9 °F)) from freezing in Feb)





•  Safety Criteria

•  Reactor not operated prior to space deployment.

•  Inadvertent criticality shall be prevented for both
normal conditions and credible accidents

(Reflectors are held together with steel bands which can
be severed in case of an accident or melt on entry to the
atmosphere)

•  Spacecraft radiological release to the space environment
shall not result in a significant adverse effect on other
spacecraft.

•  Radiological release from spacecraft shall have
insignificant effect on Earth

•  On-orbit disposal shall be limited to sufficiently high
orbits

•  For any credible radiologically hot reentry accident, the
reactor shall reenter essentially intact, or alternatively, shall
result in essentially full dispersal of radioactive materials at
high altitude.

•  Planned radiologically hot reentry shall be precluded from
mission profiles.



Preliminary Nuclear Safety Analysis

•  Biggest problem appears to be inadvertent criticality when
void spaces are filled with water.

Solution:  Use an "Anti-criticality" device to keep some of
the fuel out of the core until orbit is achieved.

Topaz-II Excess Reactivity for Postulated Flooding
Accident

Reflectors Flood Immerse Excess
Reactivity ($)

Original Design

on/Drums 0° Water Water +3.46
on/Drums 0° Water Wet Sand +4.00

off Water Water +1.20
off Water Wet Sand +4.78

With Anti-criticality Device

off Water Wet Sand -4.40

•  All other accidents and scenarios appear not to be
significant or credible



Comparison of Russian TOPAZ Reactors

Parameter TOPAZ-I TOPAZ-II
Electric Power-kWe 5-10 6
Therm. Power-kWt 130-150 115-135
Fuel UO2 UO2
Fissile Mat., kg 35U 12 up to 27
35U Enrichment % 90 96
Moderator ZrHx ZrH1.85
Neutron Spectrum Thermal Thermal
Reflector Be Be
Reactor Mass-kg 320 1061
Emitter Mo or W Mo
Emitter Tmax, °C 1450 1527-1827
Collector Nb Nb
Collector T, °C 650 470-570
Coolant NaK NaK
Coolant T, in/out ??? 500/600




