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There are many challenges in excavation and construction on the Moon

The Lunar Surface Environment

What Materials 
Should We Use?

What Is Available In-Situ?

What Technologies 
Should We Mature?



All missions indicated the lunar surface is covered with regolith

Thickness: <5m to 20m



Dust – it will cover, and stick to, everything



• Deep, Shallow, and Thermal Moonquakes

The Moon is seismically active

Nakamura et al. (1974) LPSC 5th, 2883-2890
Shallow Moonquakes

Oberst & Nakamura (1992) Lunar Bases & Space 
Activities, 231-233.



The lunar surface is a radiation-rich environment

Stubbs et al. (2014) Planet. Space Sci. 90, 10-27

NASA illustration



https://sos.noaa.gov/datasets/moon-surface-temperature/

Thermal swings on the lunar surface are large



• Apollo 15
• Day = 374K (101°C)
• Night = 92K (-181°C)

• Apollo 17
• Day = 410K (137°C)
• Night = 103K (-170°C)

The Permanently Shadowed Regions (PSRs) are VERY cold
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Paige et al. (2010) Science 330, 479-482 

Hayne et al. (2015) Icarus 255, 58-69

• Diviner (LRO)
• Ridge = up to 300K (27°C)

or over (388K, 115°C)
• PSR = as low as 25K (-248°C)

(average 40K, -233°C)



Earth Mars Moon
760 Torr 3-6.8 Torr 10-10 to 10-12 Torr

Surface pressure can have a large effect due to material vapor pressure



Through the Yet2 search company, NASA released a list of desired material attributes to the 
public for crowdsourcing solutions in materials that will survive on the lunar surface



Apollo, Lunokhod, and Surveyor missions provided us with ground truth on the makeup of 
the lunar surface, but only on the near side and in equatorial regions



The missions found rock types that we can find on Earth 



The missions found rock types that we can find on Earth 



The Lunar CRater Observation and Sensing Satellite (LCROSS) mission detected numerous 
volatiles, including water

LCROSS Detected:
CO, H2O, H2, H2S, Ca, Hg, 
NH3, Mg, SO2, C2H4, CO2, 

CH3OH, CH4, OH

Lunar CRater Observation and 
Sensing Satellite (2009)



There are many technologies that need to be matured to help with excavation and 
construction on the lunar surface

Excavation

Conveyance
Size Sorting

Beneficiation

Materials 
Processing

Construction

RoboticsMobility

Autonomy/Telerobotics

Geolocation
Etcetera



There are many benefits to excavation and construction on the Moon

ISRU and Sue’s Car

Changing the ORU Paradigm

Sustainable Human Presence
on the Lunar Surface



It takes a great amount of fuel to get out of Earth’s gravity well, and at great expense, so it is 
important to launch only what is required to originate on Earth



Each square 
represents

1000 kg

• Based on historical data, 95% of spares will never be used
• Impossible to know which spares will be needed
• Unanticipated system issues always appear, even after years of testing and operations

Image credit: Bill Cirillo (LaRC) 
and Andrew Owens (MIT)



In-situ resources on the International Space Station (ISS) include Environmental Control and 
Life Support System (ECLSS) carbon, waste/trash, and used parts

Series-Bosch approach 
for oxygen recovery 
from CO2 (credit: 
NASA/Morgan Abney)

ISS crewmember Mike Fossum holding a “trash football”.
Currently all waste on ISS is downmassed via Cygnus. (credit: NASA)

Oxygen and water recovery systems on the ISS are based on Orbital 
Replacement Units (ORUs) (credit: NASA/Layne Carter)



Questions?


