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Introduction:  Water and other volatiles serve as 

resources for humans on the lunar surface. The poles 

are particular targets because they harbor volatile res-

ervoirs. The Johnson Space Center (JSC) is focused on 

enabling human missions and preserving volatile-rich 

materials for Earth return and curation. This abstract 

summarizes Internal Research and Development 

(IRAD) funding that has been used in FY19 to acceler-

ate development for future lunar polar missions. This 

work is split into two complementary and parallel ef-

forts: lunar polar simulant development and lunar envi-

ronment technology development. 

Lunar Polar Simulant Development: A lunar po-

lar simulant is in development that includes both a 

high-fidelity silicate component and a moderate-fidelity 

volatile component. The silicate component includes a 

highlands-type lunar simulant (either USGS-LHT or 

OB-1) that replicates the anorthosite composition and 

grain-size distribution of particles observed in returned 

lunar samples. The volatile component replicates the 

dominant compounds observed by the LCROSS mis-

sion [1], and will be expanded to include volatiles with 

lower condensation temperatures once gas handling 

capabilities are fully operational. This simulant is being 

used for cold (-20°C, -80°C) and cryogenic (-196°C, <-

220°C) storage testing to ascertain the ideal storage 

conditions a) during transport to Earth from the lunar 

surface, and b) during curation operations after Earth 

return. 

Lunar Environment Technology Development:  

Development is underway on a new planetary surface 

environment chamber within the Astromaterials Re-

search and Exploration Science (ARES) group at JSC. 

The vacuum chamber will mimic as closely as possible 

the lunar exosphere surface environment. It will be 

capable of operating at ultra-high vacuum (UHV) (<10-

9 Torr) and cryogenic temperature ranges [e.g., 2]. A 

residual gas analyzer and, later, a gas chromatograph 

mass spectrometer will be integrated to monitor out-

gassing of materials. The chamber design consists of an 

inner volume of 35L with eight Conflat ports of vary-

ing sizes at 45 degrees to each other. Sample cooling 

using either liquid helium or liquid nitrogen are inte-

grated in the chamber design. In progress are three 

temperature zones which aim to allow for controlled 

temperature ramping of samples and monitoring of 

lunar simulant outgassing under UHV handling condi-

tions and various pressure and vacuum regimes.  

The capability to monitor a volatile-rich lunar simu-

lant under permanently shadowed or dosed solar illu-

mination conditions within a lunar exosphere environ-

ment will provide valuable information for the curation 

and ISRU communities. The chamber will also be able 

to thermally cycle samples to mimic the temperatures 

that may be experienced during sample return or ISRU 

activities. Alteration of the samples will be observable 

and using this information we will be able to test cura-

tion and ISRU techniques. Knowledge of the chemical 

changes of the sample under various thermal/pressure 

regimes is paramount for the design of future polar 

lunar missions. The chamber check-out is on schedule 

for completion in mid-2019 with preliminary testing 

following.  

Conclusion: The utility of a lunar polar simulant 

extends to curation sample handling and storage, and to 

testing both the functionality and efficiency of ISRU 

hardware. The lunar environment chamber will allow 

storage testing of the lunar polar simulant under realis-

tic (lunar-like) collection and processing conditions, 

maximizing the fidelity of experiments studying sample 

preservation, volatile extraction capabilities, and gen-

eral sample handling. This work is laying the founda-

tion for future lunar polar sampling and ISRU efforts 

by providing realistic materials and conditions upon 

which future surface operations planning and design 

can be based. 

 

 
Fig. 1. Lunar cryogenic environmental chamber at JSC. 
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