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Lunar Polar Volatiles

• Permanently shadowed craters at the lunar poles 
contain water, ~5 wt% according to LCROSS

• Interest in water for ISRU applications
• Desire to ‘ground truth’ water using surface prospecting

– e.g. Resource Prospector (RP) & RESOLVE

• How to access 
subsurface water 
resources and 
accurately measure 
quantity 
– Excavation operations 

and exposure to lunar 
environment may 
affect the results
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Volatile capture tests
• A series of ground based dirty thermal vacuum tests are 

being conducted to better understand the subsurface 
sampling operations
– Sample removal and transfer
– Volatiles loss during sampling operations
– Concept of operations
– Instrumentation 

• This presentation covers:
– The capabilities of the VF-13 Thermal Vacuum Chamber (TVAC)
– The Resource Prospector TVAC hardware
– The summary and results of 5 years of RP volatiles tests

• 43 viable samples
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Near Infrared Volatiles Spectrometer Subsystem
(NIRVSS)

• Views soil surface and drill 
cutting pile to evaluate surface 
water profile

• Components include:
– Observation camera
– Illumination sources (Lamp & 

LEDs)
– Low wavelength Calibration 

Sensor
– 2 Near Infrared Spectrometers 

(Fiber optic)
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Variables

Variable Target Actual conditions

Pressure minimize
Average 4e-6 Torr 
Median 3e-6 Torr

Range: 2e-5 Torr to 1.5e-6 Torr

Cold Wall Temperature
-50°C or -170°C

(sunlight surface or cold as
possible) 

-50°C or -170°C

Soil Temperature <= -100°C -80°C to -160°C  (all but 3 under -100°C)

Soil Moisture 0.5 wt% to 5 wt%

4 test w/ 5 wt%
2 tests w/ 2.5 wt%
2 tests w/ 0.8 wt%.  

2 tests w/ alternating layers of 5 wt% and 0.5 wt%

Crucible temperature
-20°C  to +20°C SCMS: -20°C or +10°C

OVEN: ~+20°C

Exposure Time minimize
~15 min to retrieve sample

5 min to fill crucible

Sample size 15 g
Average 12 g
Median 14 g

Range: 3.3 g to 20.7 g
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Results
• The sampling process had a greater impact on drier soil beds:

– Average loss for 5% bed: 30%
– Average loss for 0.8% bed: 80%

• If the sublimation rate is consistent, then for same exposure time a 
sample with lower moisture will lose a greater percentage
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Results: Mass loss
• Sample mass loss 

divided by exposure time 
(out of hole) to get mass 
loss rates

• Total sample mass 
(symbols) correlates 
strongly with loss rate
– Smaller samples have 

slower loss rate
– For samples of similar 

size, loss rates are similar, 
regardless of starting 
moisture content
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