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Introduction: A critical component of any busi-
ness case for ISRU is a supply side model (i.e., the
production function) for the selected mining technol-
ogy. With growing interest in mining water on the
lunar surface—most likely within the permanently
shadowed regions near the lunar south pole, we joined
several models needed to derive the production func-
tion (and ultimately the related cost function) for the
thermal mining technology proffered by Colorado
School of Mines (CSM) [1], [2]. In particular, we
combined (a) a model needed to determine the rate of
production as a function of the physical characteris-
tics of the thermal tent, the available water within the
top layer of regolith, the dwell time at a site, and the
intersite move time with (b) a model of the percent
illumination time and power delivered to the tent site
as a function of the physical characteristics and quan-
tity of the solar reflectors (“TransFormers”) needed at
the rim of the target crater [3], [4]. Such a combined
model could help inform the many tradeoff that are
possible.

The Macro-Logistics Model: The first model,
which we call the macro-logistics model, is straight-
forward as seen by the equations that follow. Ther-
modynamic considerations, however, must be con-
sistent with the macro-logistics model.
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Figure 1: Water Production Schematics with
Sublimation under Thermal Tent
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Annual Harvest = (Deposition Rate)(Site Dwell Time)(Annual Moves)

(Hours Per Year)(Tent Availability)
Annual Moves = INT

Site Dwell Time + Intersite Move Time

Annual Area Mined = (Ef fective Tent Area)(Annual Moves)

Water Production = (Annual Area Mined)(Ice Yieldgfier ,oms)
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Hours Per Year

Ice Sublimatedyefore tosses = (Regolith % Water by Weight)(Regolith Density)(Ef fective Depth)

Ice Yieldaseer tosses = Ice Sublimatedyefore tosses (1 - AHS+";’M””>

The TransFormers Model. The second model re-
lies on complex terrain models and ray-tracing soft-
ware. TransFormers could redirect sunlight to loca-
tions kilometers away, e.g., from the rim of the lunar
south pole’s Shackleton Crater to its bottom, where it
could ensure operations of both prospecting rovers
and in situ resource utilization (ISRU) equipment. A
typical result of the model for the Shackleton Crater
in which two Transformers are employed is shown in
Fig. 2. For the purpose of rapid trades, this curve can
be represented by the following function.

L = exp(2.26844 +0.00504H)/(1 + exp (2.26844 + 0.00504H))

where H is the tower height and L is the resulting
percent illumination.
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Figure 2: Results for TransFormers Located at
89.9029°S 145.2301°W and 89.6876°S 162.8645°W
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