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Introduction:  Fission systems are used extensive-

ly on earth, and 34 such systems have flown in space.  

The energy density of fission is over 10 million times 

that of chemical reactions, giving fission the potential 

to eliminate energy density constraints for many space 

missions.  Potential safety and operational concerns 

with fission systems are well understood, and strategies 

exist for affordably developing such systems.  By ena-

bling a power-rich environment and highly efficient 

propulsion, fission systems could enable affordable, 

sustainable exploration of Mars. 

Potential Fission System Applications:  On the 

surface of Mars, compact fission systems could be used 

to power in-situ resource ultization (ISRU), to re-

charge rovers, to provide robust communication capa-

bility, and to provide general long term power needs.  

Power levels could range from the order of 1 kWe (be-

low which radioisotope systems could potentially be 

used) to greater than 1000 kWe, depending on mission 

need.  Fission systems could be used anywhere on the 

surface of Mars (including high latitudes) and could be 

designed to provide full power in all potential Mars 

environments (including global dust storms).  At mod-

erate to high power levels fission systems are signi-

fycantly less massive than alternatives.  An artist’s 

conception of a potential 40 kWe fission surface power 

system (based on an ongoing NASA/DOE project) is 

shown in Figure 1. 

 
Figure 1.  Artists conception of 40 kWe fission surface 

power system suitable for use anywhere on the moon or 

Mars. 

 

Abundant thermal power from fission systems may 

also be useful.  In addition to potential ISRU applica-

tions, thermal (or electrical) power could potentially be 

used to heat-sterilize spacecraft to help meet planetary 

protection requirements. 

Fission propulsion systems could be used to effi-

ciently transfer payloads to and from Mars.  Nuclear 

thermal propulsion (NTP) uses fission energy to direct-

ly heat a propellant, and could significantly reduce the 

number of heavy lift launches needed to support a hu-

man Mars mission.  Nuclear electric propulsion (NEP) 

uses fission energy to power electric thrusters, and 

could efficiently transfer large payloads and also sup-

port human missions.  The use of nuclear thermal and 

nuclear electric propulsion could significantly reduce 

the cost of Mars exploration and enable more robust 

and extensive Mars exploration. 

A picture of an NTP engine (tested in 1968) is 

shown in Figure 2.  NTP engines have been ground 

tested at power levels and temperatures that would 

would result in a thrust of up to 200,000 lbf and specif-

ic impulses exceeding 900 s (roughly twice that of the 

best chemical engines. 

 

 
Figure 2.  Phoebus-2A Nuclear Thermal Rocket en-

route to ground test (1968). 

 

A picture of a Russian in-space fission power system is 

shown in Figure 3.  In-space fission power systems 

could be used to power satellites and NEP vehicles. 

 

 
Figure 3.  Russian “TOPAZ” space fission power sys-

tem. 
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Potential Fission System Concerns:  Fission sys-

tems must be designed to be affordable.  Initial space 

fission systems could use technologies developed over 

the past 70 years for terrestrial fission systems, reduc-

ing technology development cost.  Advances in model-

ing and computer simulation will also reduce cost.  

Highly realistic non-nuclear testing will be used when 

applicable to minimize cost and help ensure that all 

necessary nuclear testing is properly focused.  Alt-

hough space fission systems are essentially non-

radioactive at launch (i.e. prior to extended operation 

at high power), the pre-launch processing of fission 

systems may require new or modified facilities.  Sys-

tem design and pre-launch processing procedures must 

be used to ensure the reactor does not inadevertently 

start when ground personnel are nearby, analogous to 

designs and procedures used for handling solid rocket 

motors.  High temperature fuels and materials are re-

quired for some space fission systems, especially for 

advanced, very high performance systems.  Fission 

systems have a minimum size below which they are 

incapable of sustaining a fission chain reaction.  The 

lowest mass fission system flown to date was the 42 

kWt (500 We) SNAP-10A with an unshielded mass of 

295 kg, and a shielded mass roughly 50% higher.  Fis-

sion systems are best suited for missions benefitting 

from nuclear thermal propulsion or from power levels 

above ~1 kWe (highly mission dependent). 

Strategies exist for mitigating concerns associated 

with space fission systems. 

Potential Approach to Developing Fission Sys-

tems for Mars Exploration:  Although a wide variety 

of fission systems may eventually be developed, all 

fission systems have certain fundamental similarities.  

Launch and operational procedures, design teams, 

technologies, test facilities, and other capabilities de-

veloped for initial fission systems may be applicable to 

a wide range of systems. 

For example, a small (<50 kWe) reactor could be 

used to provide abundant energy to a robotic outpost 

on Mars.  To help ensure affordability, the system 

could use fuel developed for terrestrial powerplants or 

research and training reactors.  It may also be possible 

to use a fuel that would be suitable not only for appli-

cations requiring < 50 kWe, but higher power systems 

or nuclear thermal propulsion systems as well. 

Another option would be to develop a small, effi-

cient NTP system to support Mars missions in the 2022 

time frame and beyond.  The initial NTP system would 

be designed to prove capability and be readily scalable 

to a higher thrust NTP system useful for deep-space 

human missions (including Mars).  Experience and 

capability gained from development of the initial NTP 

system could be directly applicable to development of 

surface fission power systems or fission power systems 

for NEP. 

As one example, cermet fuels (uranium fuel con-

tained in a W or Mo metal matrix) could potentially be 

used for either fission propulsion systems or fission 

power systems.  Modern fabrication techniques enable 

the use of spherical, coated fuel particles, which should 

improve cermet fuel performance even beyond the ex-

cellent performance demonstrated in the 1960s.  The 

use of modern techniques may also enable develop-

ment of advanced, highly flexible radioisotope heat 

sources. 

Implications:  The benefits from affordable fission 

systems would permeate the entire space program.  

Fission systems on Mars could provide power to enable 

abundant methane, hydrogen, oxygen, and other ISRU 

products.  Systems in permanently shadowed lunar 

craters could greatly facilitate the mining of lunar ice 

and the conversion of that ice into propellant.  First 

generation fission propulsion systems are estimated to 

save up to 3 heavy lift launches per human Mars mis-

sion, and advanced propulsion systems could save even 

more. 

Conclusion:  Space fission systems could help en-

able affordable, sustainable exploration of the moon, 

asteroids, Mars and beyond.   
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