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Introduction. The United States Geological Survey 

(USGS) has been developing a methodology for quanti-
tative lunar resource assessments (QLRA) [1]. Here we 
consider what new data products are needed to use the 
QLRA to identify lunar ice reserves for in situ resource 
utilization (ISRU).  

Terminology. We explicitly define the terms we use 
because any discussion of lunar resources necessarily 
mixes concepts from terrestrial economic geology and 
lunar science. A resource is a naturally occurring sub-
stance that can be converted into a commodity. A com-
modity is anything that is useful for space exploration. 
A deposit is a concentration of a resource. For any given 
part of the Moon, the certainty that a resource exists var-
ies from speculative (the resource is expected in this lo-
cation, but direct measurements are absent) to inferred 
(the properties of the resource are estimated for this lo-
cation by extrapolating from other measurements) to 
measured (the properties of the deposits are estimated 
from measurements within the locality). It is also essen-
tial to consider if the means exist to extract the resource 
and convert it into a commodity (i.e., unrecoverable vs. 
technically recoverable) and if this conversion can be 
done within the available budgets (i.e., is a reserve).  

What would make lunar ice a reserve? Ice at the 
lunar poles is currently a speculative unrecoverable re-
source. This means significant progress needs to be 
made in both the scientific understanding of lunar ice as 
well as our ability to convert the ice into a commodity. 
How much progress is sufficient for decisionmakers to 
consider lunar ice a reserve depends on the budgets of 
the resource utilization endeavor, especially the risk 
budget. The level of scientific and technological cer-
tainty required for a pilot plant is dramatically different 
from that for an industrial scale commercial facility.  

We focus on the NASA baseline pilot ISRU plant 
from [2] which had the goal of processing 15 t of ice per 
year from permanently shadowed craters to produce O2 
and H2 rocket propellant. This plant relies on excavating 
about a meter into regolith with a few precent ice. Ac-
cessible areas a few tens of m in diameter with greater 
than a few percent ice in the upper meter are considered 
reserves with this architecture.  

Data Needs. The QLRA methodology breaks the 
task of assessing resources into five steps which we use 
to systematically consider what data are needed.  

1. Geologic Model. This is a summary of the char-
acteristics of locations that are favorable for deposits of 
a particular type. This requires a fundamental scientific 

understanding of lunar ice, so the relevant products are 
peer-reviewed scientific publications.   

2. Spatial Model. This shows which parts of the 
Moon are favorable for a specific type of ice deposit 
(e.g., maps of ice-stability regions). The models that 
produce these maps have multiple inputs including to-
pography, the orbital elements of the Moon, and the 
thermophysical properties of the regolith [3]. If the ice 
was deposited in a specific part of the Moon’s history, 
maps of the age of the surface are also important.   

3. Deposit Density, Quality, Quantity Models. This 
is a series of probability distributions for key character-
istics of the ice deposits (i.e., how big, how many, how 
rich). These are obtained by detailed measurements of a 
statistically meaningful number of ice deposits. To 
cover meaningful territory at decameter scale, it is likely 
necessary to create data products that are a fusion of or-
bital and landed data.  

4. Economic Model. This considers such factors 
such as trafficability, availability of power, and commu-
nications. These are all very dependent on knowledge of 
topography at the scale of the ISRU hardware. Consid-
eration of a social license to operate and legal con-
straints can also be added here.  

5. Monte Carlo Statistical Modeling. The results 
from the previous three steps are combined numerically 
using Monte Carlo methods. This means that everything 
must be provided in machine-readable formats (e.g., 
spatial masks, probability density functions, and Bool-
ean algorithms). Also, it is essential for the uncertainties 
of every value be fully characterized (i.e., provide the 
shape the probability distribution instead of just an error 
bar). Many current data products do not provide any 
metrics on uncertainties of the data values and geoloca-
tion. Even when estimates are provided, few provide a 
complete analysis that considers the entire processing 
chain from instrument through archival formatting. De-
tailed descriptions of uncertainties are critical when the 
products require highly specialized models that cannot 
be readily reproduced or many poorly constrained input 
values. The hydrogen maps from neutron spectroscopy 
and thermal data inverted into thermophysical parame-
ters are two examples of data products that are essential 
for assessing lunar ice reserves but which have uncer-
tainties that are difficult to understand.  

References: [1] Keszthelyi L. et al. (2021) Space 
Res. Roundtable 2021. [2] Kleinhenz, J. E. and A. Paz 
(2020) ASCEND 2020. [3] Siegler, M., et al. (2015) Ic-
arus, 255: 78–87.

6006.pdfLunar Surface Science Workshop 18 (2022)


