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Introduction and Rationale:  Before ISRU can be 

prudently incorporated into the exploration architecture, 
the resources need to be assessed in a transparent, unbi-
ased, and quantitative manner.  Creating such assess-
ments is the responsibility of the US Geological Survey.   

Although some aspects of the USGS quantitative re-
source assessment methodologies differ between water, 
energy, and minerals assessments, the basic approach is 
the same. In the assessment context, a resource is de-
fined as a concentration of material or energy in such 
form and amount that economic extraction of a com-
modity is currently or potentially feasible. USGS re-
source assessments report (1) boundaries delineating the 
spatial extent of resource occurrence, (2) the statistical 
distributions of resource size and quality, and (3) esti-
mates of the total number of occurrences for spatially 
discrete resources such as mineral deposits or portions 
of the study area or volume within which the resource 
exceeds a defined minimum quality for spatially contin-
uous resources. The results of these three steps are com-
bined to yield a quantitative estimate, with uncertainties, 
of the total identified and undiscovered resource.  

The applicability of the 3-part USGS quantitative 
mineral resource assessment methodology to asteroids 
was demonstrated in 2017. A similar study has been in-
itiated for the Moon, with an initial focus on solar en-
ergy, bulk regolith, and ice.   

Assessing Lunar Solar Energy: Our understanding 
of the nature of solar energy and the technology to ex-
tract it are mature.  The quantity of extractable solar en-
ergy is tied to our knowledge of (a) the ephemerides of 
the Moon and Sun; (b) lunar topography; and (c) tech-
nologies for converting solar energy to electricity.  The 
relative motions of the Moon and Sun are known to ex-
quisite precision and accuracy. The interaction with lu-
nar topography is directly observed via insolation maps. 
The technology to extract energy from sunlight is at 
TRL10 with well-known costs.  

Assessing Lunar Regolith: We have a firm under-
standing of the impact gardening process that creates 
regolith.  We have excellent in-situ data from the Apollo 
missions and useful additional data from robotic 
landers.  This allows us to use a variety of global remote 
sensing data sets to map out key properties of the rego-
lith, such as thickness, petrology, and boulder abun-
dance. This state of knowledge is well-suited to the 
USGS resource assessment methodology. There are 
many potential uses for the lunar regolith, including be-

ing a source of oxygen or the main ingredient in con-
crete.  To limit the scope of the initial study, we plan to 
focus on the use case of simply bulldozing regolith over 
a habitat for micrometeorite shielding.   

Assessing Lunar Ice:  Water, especially in the form 
of ice in polar cold traps, is the most desirable lunar re-
source. However, a quantitative assessment of lunar ice 
is currently impractical because critical information is 
missing.  Still, the USGS mineral resource assessment 
methodology can be used to lay out a methodical cam-
paign that would allow future data-driven decisions re-
lated to ISRU of lunar ice.   

Before the USGS mineral assessment methodology 
can be applied, it is necessary to develop “descriptive” 
models of the key characteristics and physical/geologi-
cal process(es) that created the deposits.  Therefore, the 
first step toward an assessment would be a mission that 
directly interacts with the ice in at least one location and 
obtains fundamental observations such as a vertical pro-
file of the ice concentration and the detailed composi-
tion of the ice and its contaminants.  With development 
of deposit models, the next part of the resource assess-
ment is to identify “tracts” where the deposits could 
plausibly exist.  For example, DIVINER temperature 
maps can already be used to map, to first order, loca-
tions where shallow subsurface ice can be stable for a 
billion years. Next we need a probabilistic estimate of 
the number of deposits within the tracts.  This may be 
possible to accomplish this with orbital remote sensing, 
especially if the ice deposits are created by processes 
that act over very broad geographic regions.  The third 
part of the assessment is to measure the sizes and quali-
ties of a statistically relevant number of deposits.  If the 
deposits are relatively homogenous, this could require 
simple in situ measurements at only about a dozen sites.  
However, if the nature of the ice proves to be more com-
plex, missions with mobility and/or drilling will be re-
quired.  In either case, the end product would be mathe-
matical expressions describing the probability distribu-
tion functions of the size and quality of the deposits. 
These are combined with the number densities devel-
oped in the second part to estimate the total ice resource. 

Framing the entire assessment process is the evalua-
tion of ISRU technologies to create an economic model 
that identifies the cost of extracting water from the lunar 
regolith. With this suite of information in hand, com-
mercial and governmental decisionmakers can make in-
formed decisions on how to pursue industrial-scale 
ISRU of lunar polar ice. 
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