NUCLEAR FISSION AND FUSION MICROREACTORS
FOR LUNAR AND PLANETARY TUNNELING
APPLICATIONS
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Lunar and deep space bases, missions and the successful development of the solar system and
beyond requires energy-intensive bases, mining, research and construction activities.

Subsurface bases on the Moon and beyond would be preferable to surface—easier to protect from
Lunar and planetary environments

Tunneling with tunnel boring machines (TBM’s) can be used

Preliminary design of LTBM’s reactor will be in the 1 to 2 MWe size range, for a 4-meter diameter tunnel.
Tunneling and other construction activities requires a lot of power, in the multiples of MWe range

Energy sources must offer high power-to-weight ratio, ability to
withstand delivery, years of maintenance-free service, steady
supply, increased surplus energy of the system (thermodynamic
efficiency), durability in the Lunar environment, and modularity.

Energy Density can be measured in kWe/kg. Energy Flux Density is

Table I: Some existing and proposed designs for
space and planetary nuclear fission reactors
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Table 2: Summary of Some Projected Fusion Power
Plants in the 1 MWe Power Range
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Figure 6: Comparison of Weight vs Power (“Energy Density)

i (
Excavation preparation:

main grippars exianson,
rear supports alevation

REFERENCES

[1]Tunnel Boring Machines (Shield & TBM), Kawasaki Heavy Industries, Ltd., 2009
[2] Army Gas-Cooled Reactor Systems Program: The ML-1 Design Report,
Aerojet-General Nucleonics, 1960

[3]Nuclear Power for Solar System Exploration, Beyond NERVA, 2022

[4] Robbins Crossover Series XSE (EPB/Slurry Hybrid), The Robbins Company,

/ Re-stting: Between Solar and Nuclear Power for Lunar Applications [6]
reaf supparis extension,

main gnppars ratrachon

¢ Excavation:
cutler haad rotaton,
thrust [Bcks axpansion

Re-satting:

gripper bocy
refraction

e

Brief Reactor Design History

COMPARISON OF SOLAR AND NUCLEAR
POWER FOR LUNAR APPLICATIONS:
WEIGHT VS POWER

Numerous microreactors for space and ocean navigation were
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* ML-1, 500 kWe, portable, deployed in 1960 and shelved in 1964,
Figure 2

 SNAP-10A, 500 We, weighed less than 950 lbs, launched April
1965, Figure 3

* Project Prometheus, 200 kWe nuclear space propulsion, shelved

2006 after final design released, Figure 4

 KILOPOWER, developed by 2018, 10kWe, mass of 1,500 kg.

commercial versions under development. Figure 5

SrHAP 10-AThermody namic Cycle

Figure 3: SNAP-10A Thermodynamic Cycle and Machine. SNAP-10A weighed
less than 950 |bs, produced 500 We, 2 Be reflectors, liquid NaK coolant, Te
thermocouples. Launched on 3 Aprll 1965, produced power for 43 dqys
before faulty commmand receiver sth it c[ig]vvn Still orbits aboard Agena-D

satellite.
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Figure 2: ML-1 Nuclear Power Plant, cutaway view.
POWER: Up to 500 kWe, cycle efficiency 133%, power
density 700 kW/ft3, N2 coolant, 22,000 rpm axial flow

compressor, water-moderated, enriched UO2.
TRANSPORT: Total weight 40 tons, in 3 15-ton packages,
for aircraft, truck trailer or barge transport.

Figure 4: Project Prometheus was a 200 kWe nuclear
reactor powered space craft, designed to reduce travel
time from Earth to Mars to weeks. The project was

Figure 7: Vulnerability: Hypothetical Flat Aluminum Alloy Target
abandoned in 20086, after significant development. [11]

Exposed on Lunar Surface for One Year: Expected Cumulative
Crater Density [14]
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