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Executive Summary: In-situ water will be vital for
sustained operations on the Moon and Mars. MIT’s
HYDRATION III is an Earth-conditions proof of con-
cept for a semi-autonomous water ice mining system
for Mars, using mechanical drilling and downhole ra-
diative heating to melt and pump water from a subsur-
face ice reserve covered by a shallow (0.5m) regolith
layer. It also serves as a prospecting system to digitally
identify and classify layers of underlying regolith on
the Moon, using drilling telemetry from multiple inde-
pendent sensors. In September 2021, HYDRATION III
demonstrated fully hands-off operations over 12 hours
at a NASA-sponsored competitive setting and pro-
duced 4.3L/hr of water (peak) and 2.0L/hr (average).

Motivation: NASA is returning to the Moon with
the Artemis project, this time to stay and to develop
technologies for the exploration of Mars. Sustainably
staying on the Moon and Mars requires technology
development to utilize water that is bound up in sub-
surface ice. In response, several alternative architec-
tures for water ISRU are under development.

Comparison to Current State of the Art: One
water mining design well-suited to thick ice sheets,
used in Antarctica today, is the Rodwell, where hot
water is circulated under feedback control to sustain a
self-deepening, simple and reliable water well. One
version of this for Mars is RedWater [1]. However,
Rodwells in general have some energy losses into the
ice. HYDRATION 1II is a dry-hole variant of the
Rodwell, which, like Honeybee’s PVEx [2], is based
on down-hole radiative heating with immediate extrac-
tion of cold water instead of recirculation of hot water.
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Fig. 1: HYDRATION III Concept of Operations (1) Position-
ing (2) Overburden drilling (3) Casing borehole with mud
(4) Translating (5) Lowering heater & water inlet (6) Ice
melting & water pumping (7) Remove heater

Experiment Concept: As shown in Fig. 1 above,
the remotely-controlled HYDRATION III system drills
a self-casing borehole through the simulated overbur-
den layers and into the simulated ice sheet. It then
retracts the drill bit, translates by a fixed distance and
lowers a cylindrical 700W radiative heater into the ice
sheet with a regenerative filter and intake to melt and
collect the water. In addition, during steps 2 and 3,
high-resolution data is collected by several sensors
including power, weight on bit, accelerometer and
torque on lead screw. The time-stamped sensor data
stream is designed to be fed into a pre-trained neural
net to automate the remote identification of the over-
burden layers, yielding a “digital core”. However, the
current version of
HYDRATION  relies
on manual interpreta-
tion of the data
stream, as more train-
ing data would be
required to implement
the neural net.

Figure 2: HYDRATION
111 System CAD, show-
ing the Z1 drilling axis
and the Z2 water pro-

duction axis supported
on the structure. For clarity, electrical panel is not shown.

System Description: Fig. 2 has our CAD and Fig.
3 shows HYDRATION III mounted on our ice box test
station. The key subsystems labeled in Fig. 3 are: (a)
Y-axis servo motor and lead screw (b) e-panel mount-
ed using anti-vibration dampers (c) 75VDC power
supply for servos (d) servo control hub & PDU (e)
RaspberryPi 4 computers running our custom ‘Mission
Control’ client/server software (f) 5V PSU for comput-
ers (g) power meter (h) 24V PSU for pump and control
boards (i) triac controller for drill and heater setpoint
control (j) 8A rotary hammer drill motor (k) Z1 and Z2
axis servos, 5.8Nm peak / 1.2Nm cont and lead screws,
with in-line S-shape load cells (I) 17x42” carbide-
tipped concrete drill bit (m) 700W heater, water pickup
and regenerative filter stack and (n) peristaltic water
pump. System limits include SWaP = 1.9m?, 58.35kg,
1KW, drilling force <I50N, maximum vertical speed
of 0.05m s! and maximum drilling speed of 900RPM.
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Experiment Results: Over 12 hours of competi-
tive head-to-head testing at the 2021 RASC-AL Moon
to Mars Ice & Prospecting Challenge taking place at
Hampton, VA from 23-25 September 2021,
HYDRATION III produced a total of 24.335L of wa-
ter, almost matching the total water production by all
~30 teams in the first 3 years of the Challenge (2017 —
2019). In addition, this was accomplished entirely in
‘hands-off” mode. The results validated HYDRATION
III’s ‘hands-off” remote operation and remote contin-
gency recovery capabilities embodied in our real-time,
in-house developed ‘Mission Control’ software. We
also validated a peak water production rate of 4.3 L/hr
and an average water production rate of 2 L/hr, with
turbidity of 136NTU on day 1 (47INTU on day 2).

Discussion and Conclusion: With an Equivalent
System Mass of ~210kg (given its ~1KW power budg-
et), HYDRATION III demonstrated that it could pro-
duce its own mass in water every ~5 days from re-
serves of subsurface ice covered by shallow (~0.5m)
regolith. The system performance is owed to both en-
gineering design and extensive integrated testing.
Compared to the classic Rodwell design, the constant
collection of cold water reduces heat losses into the
ice; a secondary benefit is that it cools the boom as-
sembly above the heater cartridge, helping to maintain
the frozen neck of the ice cavity which supports the
overburden and the hole wall. Future work includes
remote operation demonstration tests in collaboration
with the ASCLEPIOS II Mars analog mission and col-
lection of more drilling data to train a neural net.
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Figure 3: HYDRATION III mounted on simulated Mars sur-
face test station loaded with ice and overburden. (Letter



