Dichotomy of Science and ISRU Targets
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Introduction. Science objectives for exploration
of the Moon (NRC 2007) are targeting polar
volatile compositions and sources; transport,
retention, alteration, and loss processes in
permanently shadowed regions (PSRs); host
regolith physical properties; and a measure of the
ancient solar environment. Volatile species are
also being targeted for in situ resource utilization
(ISRU).
Site Prospects.
While science and ISRU
objectives are often discussed in the context of the
same lunar surface sites, a dichotomy between
them may exist.
Science objectives require
surveys of sites with different environmental
conditions, including the coldest PSRs where the
most volatile species may exist. In contrast, ISRU
operations may favor warmer PSRs where water
is uncontaminated with other volatile species (e.g.,
NH3 and CO2), making it easier to process any ice
into components for crew consumption and rocket
propellant.
Warmer conditions may relax
requirements for rovers and other assets devoted
to ISRU.
South Polar Region.
Using previously
developed methods (e.g., Siegler et al., Nature
2016), the stabilities of water ice (H2O) and dry ice
(CO2) in the upper 50 cm and 1 m of the regolith
were calculated. Water ice is stable within those
near-surface zones over a greater geographic
area than is dry ice (Figure 1). Thus, as one
approaches a PSR, near-surface water ice might
be recoverable without dry ice and other volatile
species.
Cabeus Crater. Cabeus crater has a region
(Figure 1) where both water ice, dry ice, and other
volatile species may be found.
An impact
experiment into that region, LCROSS, suggests
water ice is comingled with H2S,
NH3, SO2,
C2H4, CO2, and other species (Colaprete et al.,
Science 2010). While it will be important to
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Figure 1. Semi-transparent map of calculated dry ice
stabilty depths on top of a map of calculated water ice
stabilty depths for the upper 50 cm of regolith.

sample those ices to address science issues
(NRC 2007) and, potentially, for some ISRU
purposes, initial ISRU exploration may favor the
outer margins of Cabeus where water ice may be
enriched relative to those other species.
Shackleton Crater. The first Artemis mission is
designed to land near the south pole, which is
located on the rim of Shackleton crater.
Shackleton crater hosts a large PSR that
calculations suggest may have a near-surface
environment with water ice (Figure 2a).
As
pointed out recently (Kring, NASA ESF 2019),
Shackleton may also have been produced after
the most intense delivery of impactor volatiles and
volcanically-vented volatiles, so ices may be
dominated by a solar wind source.
Amundsen Crater. A previous analysis (Lemelin
et al., PSS 2014) of landing sites suitable for
addressing lunar science objectives (NRC 2007),
suggested the floor of Amundsen crater is a
high-priority target. An analysis (Allender et al.,

Figure 2. Maps of calculated stability of water ice (left)
and dry ice (right) in the upper 1 m of regolith in
Shackleton (top) and Amundsen (bottom) craters.

ASR 2019) of the ISECG design reference
mission (Hufenbach et al., IAC 2015) also pointed
out that the site is a good place for a tele-robotic
subsurface survey for water ice. Calculations
presented here (Figure 2b) illuminate the
advantages of that type of location: it contains a
diversity of ice types, on an easily traversable
crater floor, in close proximity to sunlight and the
power it provides.
Conclusions.
The sites where ISRU may
initially be attractive and where the most
interesting science can be addressed are not
necessarily in the same locations. The outer
margins of PSRs, which may be encountered first,
may be attractive for ISRU, while science
objectives may favor deeper excursions into the
PSRs. Both types of sites will, of course, be
important in a robust science and exploration
program, but a trade may exist between them
when designing mission architectures.

