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T TEAM PROMETHEUS: LUNAR NUCLEAR REACTOR AND RAIL ENGINEERING

e BACKGROUND REACTOR DESIGN AND SELECTION
The Initial Deployment and Construction phase marks the foundational stage of lunar infrastructure development at the Cl

landing site, positioned between de-Gerlache and Shackleton craters. This site is selected for its strategic benefits, including The Objec'twe of the lunar nuclear reactor projectis to enable increased access to
proximity to a Permanently Shadowed Region (PSR) and access to continuous solar energy from elevated terrain. SpaceX's permanently shadowed regions of Shackleton crater, thus enabling procurement of the

Starship will deliver essential components, setting the stage for long-term operations. Initial construction will include a railway frozen water found within, while also increasing the robustness of the power available on
system, a lunar train, robotic units, and the deployment of the Honeybee LUNARSABER Tower, which will provide 150 kW of power. the lunar surface outside Shackleton crater. This will serve to further the development of a

A crew of 2-6 astronauts will oversee these activities, initiating small-scale liquid oxygen (LOX) mining near Shackleton crater. This h he | ¢ I | hich will i If dri
initial phase paves the way for expanding infrastructure and resource extraction in subsequent phases, ultimately contributing to uman presence on the lunar surtace as well as a lunar economy, which will itse LeE

the establishment of a sustainable lunar economy. the development of space exploration as a whole.

The rail network is a train and railway system on the lunar surface. The team has
identified a few key reasons as to why it may be beneficial to develop rail infrastructure on
the moon. First, the complexity of maintenance would be significantly less. The moon’s
extreme temperatures and dust problems mean that maintenance is a considerable
et 4 \  FoundationalAge \' Industrial Age | challenge when developing infrastructure. Having all of the lunar economy’s main
2025 to Sep. 2028 Sep. 2028 0 2031 Sep. 2031 10 2037 ' 2037 and beyond / components within the same train system would simplify maintenance, reduce contact
" _ with lunar dust, and provide the ability to combat the extreme temperatures by using the
train’s mobility to move to more favorable conditions when needed. Furthermore, the
modularity of the train would make maintenance all the more easier. Secondly, utilizing a
railway system could make transportation of resources such as LOX to the launchpad
significantly easier and require less power overall. Third, the train offers opportunities for
tourism, which will further advance commercialization of the lunar economy. Finally, the
— scalability of the railway system means that as this economy grows, we could easily build

Build out of 3 to 5 km test track for b ' upon the railway system and expand it to the parts of the lunar surface which we desire.
Build out of 0.2 km test railway Phase 2 MVE Demo Railway is 100's of kilometers long

sy e Ry conmccts ol hc kst fciics e e A micro reactor is a small, efficient nuclear power source that provides continuous energy
Supporting Early Mine and Foundry R T . ; : : . - .- . . . .pe A
We have elected to place the reactor on the lunar train, which is to be implemented in the with minimal maintenance. Its compact design and reliability make it ideal for use on the
region surrounding and including Shackleton crater. Shackleton crater is easily Moon, where long periods of darkness limit solar power. On the Moon, micro reactors can be
identifiable as a ROI; the possibility of it containing water ice alone makes the site worth used not only for a lunar rail system to transport materials and resources but also to power

looking into, but its unique positioning as a PSR surrounded by terrain which is almost : . : : : e :
) : : . : : . habitats, research stations, and industrial operations such as mining and processing lunar
constantly illuminated makes it an ideal candidate for lunar surface operations, especially

those which should rely on solar power to some extent (but which should not rely upon it regolith. This consistent energy source is essential for sustaining human presence, supporting
solely!). Thus, the decision to base the lunar railroad around Shackleton crater was very exploration missions, and enabling the growth of a lunar economy by facilitating
straightforward. construction, communication systems, and life support infrastructure.
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Shackleton Crater as imaged by Earth-based radar
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REACTOR POWER TIME CYCLE INTERFACING & CONOPS

Table 1: 24 Hour Time Cycle for Reactor Power Draw

. : . Phase (UTC) (CDT) (kWe) Primary Operatio
strategic allocation of energy to support various phases of lunar Legend . |
- . " . nal eactor to Train Interface -
operations. Each phase is designed to balance power needs with regulation). Clectrical Arnav Shah
operational goals, ensuring the efficient use of the microreactor. - -Activate mining operations in Shackieton Crater |
_ i Phase 1: Peak - Power up the foundry for early processing, Mechanical
Starting ligelng! peak power for critical startup tasks to steady Power for Startup | 04:00 - 2 - Begin operations on the lunar train for resource Dat
. " . . nd Overations | 08:00 et ata
power for ongoing mining and maintenance, and reducing power s il by s S o |
: . : . . o e . - Maintain stable habitat and life support — erma
during night shifts to conserve energy while maintaining essential Ful-scle miningoperations.

functions, this cycle enables optimized management of resources Phase 2: Steady - Full foundry operations for processing mined
Power for TES QUICes.
on the lunar surface.
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Maintenance and - 03:00 - 0 - 20 - Continuous rail transport between mining zones,
Mining 13:00 (We foundry, and processing facilities.

Given that parts of the ridges of Shackleton Crater are illuminated - Ramp down mining to lower-power mode.
80-90% of the time, specific alignments of lighting conditions with ~HSSCRC RNSSMAY STVRI S SRS T

processing acaviues.

a 24 hour cycle are suboptimal. For example, if startup and mining - Limited rail transport
operations were to be scheduled during a period of darkness, ———— - Reduced power for habitat systems as the crew
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'. i-:--l--ui:l :-:-tl'j I--I-e_ll
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prepares [orune mencsnic
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additional strain mlght be placed on the reactor. Of course, this for Night Shift, - Optional peak of communication with Earth due to
risk can be mitigated o) having a large enough store of energy g Hon - -*.. fl--* :E,I:_:Emg R SCAIS (L SR A S
ready on demand, but this may require advantageous light cycles Micimived habit
occurring in prior 24 hour cycles. level, reduced lighting).

| T-Peal - Minimal mining and foundry operations (standby eat Exchanger Walls _
22:00 - 120-150 mode or operation at minimum capacity). o A A SO0 Bl Brayton Engine
04:00 kWe - Lunar train not actively traveling, " | (Closed Cycle)

REQUIREMENTS

CITATIONS Requirements Tree for Lunar Reactor System (Left to Right) The project requirements for the lunar nuclear reactor are centered
around safety, functionality, and integration within a broader lunar

1.U.S. Nuclear Regulatory Commission. (2011). Regulatory guidance for the use of borated stainless steel. Retrieved from [T [ sys014 | SCRIREIY: Radiation Shielding

Failure Prevention Load Management

A k. J

https://www.nrc.gov/docs/ML1125/ML11258A345.pdf

SYS-001, mandates that the reactor must not pose any danger to
[ SYS0L | . [ sso6 - -~ humans on the lunar surface, reflecting the paramount importance Structural Integrity

atlas Redundant Power Supply Power Reallocation Mining Power Reduction Habitat Power Supply

atlas: | of human safety. To meet this, the reactor includes a containment
NASA. (n.d.). NextSTEP-R lunar logistics and mobility studies. Retrieved from_https://www.nasa.gov/general/nextstep-r-lunar- | | structure (SYS-002) that limits radiation exposure to 4 mSv/yr, . S
logistics-and-mobility-studies/ Full Power Contribution comparable to Earth’s average radiation levels. A manual scram SpaceX Starship Begin Conducting

1.Rolls-Royce. (n.d.). Micro-reactor. Retrieved from_https://www.rolls-royce.com/innovation/novel-nuclear/micro-reactor.aspx mechanism (SYS-003) ensures rapid fission halt capability for lands on connecting Operational Checks

o ridge. i
2.Defense Advanced Research Projects Agency (DARPA). (n.d.). Ten-year lunar architecture (LUNA-10) capability study. Retrieved [ SYS010 ] emergency shutdowns. The reactor's transport logistics (SYS-004) I CErlT?[?ttjrrllzar‘llts
Loading Procedures . . . . .

stipulate compatibility with commercial lunar transporters, such as

CLPS landers (with a mass limit of 1,000 kg) or Starship (up to
" 100,000 kg). To withstand launch conditions, the reactor must be Safety Systems
resilient to both g-forces (SYS-007) and vibrations (SYS-008). For
operational integration, the reactor will interface with the lunar train Emergency
| network (SYS-009), facilitating power transfer (SYS-011) and including Response Systems
6.World Nuclear Association. (n.d.). Safety of nuclear power reactors. Retrieved from_https://world-nuclear.org/information- Transport Method| _ _ G-force Resistance] specific loading and unloading procedures (SYS-010). The reactor’s |
library/safety-and-security/safety-of-plants/safety-of-nuclear-power-reactors ' M’ _ ' power output (SYS-014, SYS-017) is desighed to maintain habitat

7.World Nuclear Association. (n.d.). Nuclear reactors for space. Retrieved from_https://world-nuclear.org/information-library/non- ' ovso0s ) functions at 200 kWe during emergencies and provide up to 350 kWe

Vibration Resistance

2.Lunar and Planetary Institute. (n.d.). Lunar South Pole atlas. Retrieved from_https://www.lpi.usra.edu/lunar/lunar-south-pole-

>

from_https://www.darpa.mil/program/ten-year-lunar-architecture-luna-10-capability-study

SYS-009
Train Integration

3.NASA. (2019). High-power electric propulsion: Gateway and lunar mission options. NASA Technical Reports Server. Retrieved
from_

4. https://ntrs.nasa.gov/api/citations/20190029153/downloads/20190029153.pdf
5.NASA. (2016). NASA systems engineering handbook (Rev. 2). NASA SP-2016-6105.

power-nuclear-applications/transport/nuclear-reactors-for-space

_ _ during normal operations, supporting fault-tolerant, redundant
SY5-002
8.Kaman, M. (2020, May 13). NASA thinks nuclear reactors could supply power for outposts on the Moon and Mars. Chemical & _ ) |Containment Structure| g onsions pony bt oan ot

SY5-001

Engineering News. Retrieved from_https://cen.acs.org/energy/nuclear-power/NASA-thinks-nuclear-reactors-supply/98/i19 [Safety Requirement|-— _ _ reflects a comprehensive approach to ensure reliability, safety, and

SY5-003 ] il i Send Sl nal o
Margot, J. L, Campbell, D. B,, Jurgens, R. F.,, & Slade, M. A. (1999). Topography of the lunar poles from radar interferometry: A survey of ‘Er‘nergén:y Shutdown adaptability in lunar surface power management. 9 Checks Complete

- Unload Reactor
cold trap locations. Science, 284(5420), 1658-1660. https://doi.org/10.1126/science.284.5420.1658




