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Nuclear reactors are anticipated to power manned 
mission to Mars and other prospective deep space 
endeavors in the future and lots of attempts have been 
made in the U.S. and Russia since 1950’s. This paper 
aims to present a retrospective review of the history of 
space nuclear reactor power systems from technology and 
non-technology perspectives and to put forward 
reflections on opportunities for future developments. 

 
I. INTRODUCTION 

Nuclear reactors as high energy density power 
supplies are believed to be unique in enabling space 
activities in remote destinations and have been sought for 
more than a half century. More than 30 nuclear reactors 
had been put into earth orbit by the United States (U.S.) 
and the Soviet Union before the end of the Cold War, 
whereas recent activities kept comparatively low profile 
and no reactor has been deployed for 30 years. The 
current situation is the consequence of a dynamics array 
of technical and non-technical factors and should be 
understood for the success of any ongoing projects. 
II. SUCCESSES AND SETBACKS IN PAST 
DECADES 

Despite significant deployment records with more 
than 30 reactors having operated in earth orbit, the history 
of nuclear reactor power systems for space activities is 
interspersed with setbacks and iterative reboots. 

The idea of using nuclear reactors to provide energy 
for spacecrafts was actively pursued in the U.S. as early 
as 1950’s before the launch of the first satellite. Multiple 
civil and defense applications provided the incentive for a 
whole array of different applications. After a few years of 
pioneering engineering and ground testing, the first 
nuclear reactor to power a satellite was sent into orbit in 
1965. The SNAP 10A reactor with UZrH fuel and output 
of 500 We operated successfully for 43 days1. However, 
no other reactors were launched by the U.S. after SNAP 
10A, and all R&D activities were temporarily shut down 
in 1970’s. Space nuclear reactor development was soon 
revived in late 1970’s and was boosted once again in early 
1980’s by Reagan Administration under the Strategic 
Defense Initiative. These activities lasted until the end of 
the Cold War and resulted in substantial advancements in 

several major technology domains, including UN fueled 
liquid metal cooled reactor and Stirling power 
conversion2. In the 21st century, after the short-lived 
Prometheus program from 2003 to 2005, R&D projects 
were driven primarily by manned mission to Mars and 
focused on lower cost technologies and shorter 
development cycles while integrating new technical 
advancements.  

Research in the Soviet Union initiated in the 1950’s 
resulted in more than 30 satellites equipped with nuclear 
reactor power systems launched from 1970 to 1988. The 
reactors in orbit operated for no longer than 1 year. Most 
of the reactors were of BUK design with ~3kWe output, 
which featured U-Mo fuel, Na-Ka coolant and 
thermocouple power conversion3. The two reactors sent 
into orbit in 1987 were of thermionic design named 
Topaz-1 (5-7 kWe). They employed the so-called multiple 
element thermionic assembly in which UO2 fuel and 
power conversion elements were integrated together. 
Another Topaz-2 (~5 kWe) reactor design with single 
element thermionic assembly was also developed and 
multiple campaigns of ground testing were completed by 
19864. On the other hand, upon successful development 
and ground testing of nuclear thermal propulsion 
technology, high temperature gas cooled reactor designs 
with Brayton cycle power conversion for spacecraft and 
planet surface power systems were designed but not fully 
developed. The power output varied from 25 kWe to 15 
MWe5. Based on these efforts, Russian research institutes 
have been developing a megawatt class power and 
propulsion system since 2009.  

III. A VARIETY OF TECHNICAL SOLUTIONS 
Weight and dimension are the most outstanding 

constraints put on space reactor designs because of high 
unit cost of launch capabilities. The argument always 
follows that different power-level should be met with 
different reactor technologies to minimize weight and 
dimension factors. Operation of nuclear reactors in space 
also put forward greater demands on longer life-time, 
unattended operation, fail-safe and robustness, etc., 
further complicating the issue in question. Through the 
years, different nuclear reactor power system designs 
have been devised for all sorts of space missions, and 
developments were undertaken with different levels of 
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seriousness and resource input. Diversity of technologies 
and R&D difficulties contributed to discontinuity of 
development endeavors. 

In terms of inheritance relations and family 
resemblances, most solutions can be placed into the 
following five categories (Table 1.). 

TABLE I. Five categories and examples. 
Category Reactor Name Remarks 
UZrH SNAP 10A Launched in 1965 
Thermionic  Topaz 1&2 Topaz-1 Launched in 1987 
Gas Cooled Megawatt NPPS Under development 
Liquid Metal BUK Launched in 1970’s and 1980’s 
 SP-100 Developed in 1980’s 
 AFSP Developed in 2006-2016 
Heat Pipe Kilopower Ground test in 2017-2018 

 
Thermal reactors with UZrH nuclear fuel were 

pursued on a large scale by Atomic Energy Commission 
and Atomics International in early period of space nuclear 
power development but were largely abandoned from 
1970’s due to poor scalability beyond ~100 kWe and 
unsolved problems of fuel failure. 

Reactors with thermionic power conversion 
systems were actively developed by Russian scientists, 
culminating in both ground and flight tests in 1980’s. In 
the light of open literature, recent work conducted in 
several Russian institutes has been focused on higher 
power output and longer life cycle, both of which had 
shown limitations in past tests6,7.  

High temperature gas cooled reactors are based on 
past experiences with nuclear thermal propulsion 
technologies. While occasionally addressed by U.S. 
organizations such as General Electric, this technology 
coupled with closed Brayton cycle was particularly 
exploited by Russian scientists to satisfy a large range of 
power output requirements. The current focus is to 
construct a 1 MWe system to power ion thrusters for 
spacecraft propulsion8. 

Liquid metal cooled fast reactors constitute a large 
family of different fuel and coolant options and can be 
coupled with both static and dynamic power conversion 
solutions. These types of reactors were developed under 
research various research projects in the U.S. during 
1950’s. It became the focus under SP-100 project in 
1980’s with the power range of 40-100 kWe and later 
AFSP with the power of 40 kWe9. Higher power mass 
characteristics require higher operating temperature 
beyond similar ground reactors thus presenting 
formidable technical obstacles. On the other side, Russian 
researchers made no significant improvements upon the 
successfully launched BUK reactors to obtain better 
power level and life parameters. 

Heat pipe reactor was conceived decades ago but 
only gained extensive attention in recent years with the 

progress of the new Kilopower project. The novelty of 
replacing traditional coolant loops with heat pipes 
presents a simplified and economic way toward rapid 
deployment of a low power reactor in space10. 

IV. EXTERNAL FACTORS 
The intermittences of space reactor programs are the 

result of not only technical multiformity and difficulty, 
but also political and financial factors. 

Early developments were driven essentially by the 
competition between the U.S. and the Soviet Union 
during the Cold War. The necessity to surpass the 
adversary motivated billion-dollar programs on both sides. 
In a broader sense, in early times of atomic energy after 
WWII, people tended to hold optimistic views to expect 
fast and extensive application of the new energy in every 
field to make many science fiction dreams and technical 
ideas come true in the near future. 

However, political commitments and financial inputs 
for aerospace endeavors did not last long enough. As it is 
often noted, past engineering campaigns were not rapid 
enough to catch up with the tempo of changing political 
landscapes, and envisaged reactor power systems could 
not be materialized within the time frame of prospective 
missions11. Moreover, financial support for overall space 
activities has been declining during past decades. Neither 
nuclear reactor engineering projects nor technical bases 
thrive under such circumstances. Some observers recently 
pointed out that manned missions to Mars cannot be 
carried out within the current budget scope of NASA12, in 
which nuclear power and propulsion are believed to play 
important roles. 

Fierce competition and buildup of forces between the 
two powers of the Cold War also brought about arms 
control and nonproliferation efforts to prevent any 
unwanted catastrophes. Besides, safety concerns became 
salient since Fukushima accident. To a certain degree, 
proliferation and safety concerns have been major 
obstructions and causes of political opposition for any 
new nuclear technologies to succeed today. Under budget, 
nonproliferation and safety concerns, conventional 
energies are always preferred for space applications 
versus nuclear energy whenever possible13. 

Furthermore, technical advances in other fields like 
solar and chemical propulsion and high-resolution 
cameras have made early mature reactor designs 
unnecessary to be reused today and the threshold for 
using nuclear energy higher than before. 
V. FUTURE OPPORTUNITIES 

Unlike other technology fields, the history trajectory 
of space nuclear reactors is characterized not so much by 
continuous and gradual improvement, but rather by 
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setbacks and reboots, which put current planners in a 
difficult situation. 

Nevertheless, nuclear energy is the only known and 
practical option to power large-scale missions and realize 
fast transportation in remote space. Under the current 
circumstances, it is reasonable for leading countries to 
seek affordable and low risk solutions for rapid 
prototyping and deployment. These design and 
engineering efforts could fill niches in aerospace power 
portfolio, reveal potential risks toward deployment, 
practice safety assessment and launch approval 
procedures, contribute to reinforcement of industry bases, 
and support future mission planning. 

Concerning technical choices, four of the five 
categories as listed in Table 1., which originated decades 
ago, have not proved enduring and successful in past 
years’ struggles, while the new heat pipe option is 
showing promises to avoid past pitfalls. Likewise, it is 
always beneficial to leverage emerging technologies both 
in and out of the nuclear field to renovate traditional 
solutions, devise novel solutions and shift mindsets to 
facilitate progress. Promising emerging technologies 
include accident tolerant fuels, travelling wave reactors, 
innovative fusion concepts, advanced modelling and 
simulation for reactor and material design, reusable 
launch vehicles, 3D printing, artificial intelligence and the 
list goes on. 
VI. CONCLUSIONS 

The history of space nuclear reactor development has 
been complicated by technical difficulties and external 
factors. In terms of inheritance relations and family 
resemblances, five categories of technical solutions have 
been pursued up to now in the U.S. and Russia. Current 
efforts in both countries concentrate on affordable and 
low risk designs to facilitate early deployment. 
Meanwhile, it is beneficial to leverage emerging 
technologies in nuclear and other sectors to renew 
traditional solutions to support future space missions. 
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