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Background on Space
Nuclear Power

Steven Aftergooda

This paper introduces the technology of space nuclear power, reviews the history
of its deployment, provides background information on current development pro-
grams, and examines the proposed applications of space nuclear power systems.

SPACE POWER CONCEPTUAL DESIGN SUMMARY

A space nuclear power system converts the energy from a nuclear heat
source into electricity to power a particular load or application. The ele-
ments of this process may be outlined as follows:
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94 Aftergood

Two basic types of nuclear power supply have been used in space-
nuclear reactors and radioisotope sources. In a space nuclear reactor
system, the energy source is the heat generated by the controlled fission
of uranium. This heat is transferred by a heat-exchange coolant to either
a static (for example, thermoelectric) or dynamic (for example, turbine/alt-
ernator) conversion system, which transforms it into electricity. This
electricity can then be "conditioned" into the form needed by the payload.
Waste heat is rejected through a radiator.

In an isotope power supply, the heat is produced by the natural decay
of a radioisotope, which in all US-launched systems is plutonium-238.1
This heat, like that produced by reactors, can be converted to electricity
by a static converter or by a dynamic conversion system. And again, this
electricity is conditioned to meet payload requirements, and waste heat is
radiated away.

Nuclear power supplies offer significant reductions in mass, compared
with the alternatives, when power needs exceed several tens of kilowatts
for more than several days. Quantitative estimates for the chemical and
solar power equivalents to the SP-100 and multi-megawatt space nuclear
reactors are listed in table 1. The general applicability of various energy
sources, nuclear and non-nuclear, for a range of power and duration
requirements is illustrated in figure 1. For all practical purposes, nuclear
reactors are required when moderate to high levels of continuous power
are required for an extended period.
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Figure 1: Regimes of Possible Space Power Applicability
Source: DoE
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Table 1: Solar and Chemical Power Equivalen1s of Two Space Reactors

Nominal Chemical Solar panel Solar panel
projected equivalent equivalent equivalent

mass mass mass area
kg kg kg m'

(1 kWhr/kg) (lOW/kg) (130W/m2)

SP-l00 -5.000 -6 x 1r1' 10.000 750
700 kWe. 7 years

Multi-megawatt -50.000 -9 x 107 1 x 1r1' 75.003
70 MWe. 7 year

HISTORY OF SPACE NUCLEAR POWER

US Programs
The US began to develop small nuclear power sources for use in space in
1955 as part of the SNAP (Systems for Nuclear Auxiliary Power) pro-

gram.
The US has launched a total of 22 spacecraft powered by one or more

radioisotope thermal generators (RTGs). In addition, the US has deployed
one reactor-powered satellite. A list of these space nuclear power systems
is presented in table 2. The sources used in these missions were all quite
low power. The most powerful, the SNAP lOA reactor, generated only 500
watts of electricity.

The US space reactor program was shelved in 1973, because no mis-
sions then required a space reactor. It was not revived until the start of
the SP-100 program, described below.

The most recent US RTG-powered spacecraft was launched in 1977.
NASA's Galileo voyage to Jupiter is the next RTG-powered mission and
as of early 1989 was scheduled for launch in October 1989.

Soviet Programs
The Soviet Union has launched over 30 nuclear reactor powered satellites
and several RTG-powered satellites and lunar modules. A list of nuclear

powered spacecraft launched by the USSR is presented in table 3.
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Space reactors are used by the Soviet Union to power their Radar
Ocean Reconnaissance Satellites (RORSATs), which track and target US

naval vessels. The altitude of a RORSAT orbit is typically between 270

and 255 kilometers. This low orbit, which enhances the satellite's radar

capability, also dictates the use of nuclear power rather than solar panels,

since the latter would increase drag and significantly shorten the lifetime

of the orbit. In addition, solar-powered spacecraft would require an electri-

cal storage system for operation in the Earth's shadow, adding mass and

technical complexity.

At the end of a RORSAT's mission of typically two to three months,

the reactor is designed to separate from the satellite and be boosted to a

Table 2: Space Nuclear Power Systems Launched by the US

launch date Spacecraft Power Mean Status/
source altitude lifetime

km
29 Jun 1961 Transit 4A RTG- 930 shut down
15 Nov 1961 Transit 4B RTG 1.030 nonoperational
28 Sep 1963 Translt-5BN-1 RTG 1,095 9 months
5 Dec 1963 Transit-5BN-2 RTG 1,085 norioperational
21 Apr 1964 Transit-5BN-3 RTG aborted
3 Apr 1965 Snapshot reactor 1 ,290 43 days

18 May 1968 Nimbus-B-1 RTG aborted
14 Apr 1969 Nimbus III RTG 1,100 nonoperational
14 Nov 1969 Apollo 12 RTG on lunar surface
11 Apr 1970 Apollo 13 RTG aborted
31 Jan 1971 Apollo 14 RTG on lunar surface
26 Jul 1971 Apollo 15 RTG on lunar surface
2 Mar 1972 Pioneer 10 RTG beyond Pluto
16 Apr 1972 Apollo 16 RTG on lunar surface
2 Sep 1972 Transit-01-1X RTG 770 RTG operating
7 Dec 1972 Apollo 17 RTG on lunar surface
5 Apr 1973 Pioneer 11 RTG beyond Saturn

20 Aug 1975 Viking 1 RTG on Mars
9 Sep 1975 Viking 2 RTG on Mars

14 Mar 1976 LES 8 RTG 35,785 RTGs operating
14 Mar 1976 LES 9 RTG 35,785 RTGs operating

20 Aug 1977 Voyager 2 RTG beyond Uranus
5 Sep 1977 Voyager 1 RTG beyond Saturn

.All us RTGs are fueled by plutonlum-238; the Snapshot reactor was fueled by uranlum-235.

Sources: Gary L. Bennett, James J. Lombardo, and Bernard J. Rock, "Development and Use of Nuclear
Power Sources for Space AppllcatkJns: Journal of fhe Astronautical ScIences. 29, 4, October-Decem-
ber 1981, pp.321-342; Nk::hoias L. Johnson, "Nuclear Power Supplies In Orbit: $pace Palicy, August
1986, pp.223-233. Mean a~ltude given as of 1 January 1986.
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