
In Situ Measurements of Permanently Shadowed Regions 
Needed to Develop Icy Simulants

1. PSR Properties

2. ‘Standard’ Icy Simulants 4. Required In-Situ Measurements 

3. Icy Simulants from 
AtomisationLittle is known about PSRs, but we can develop analogs

(simulants) to mimic the known properties, which in turn can
help us test equipment destined for PSR exploration (Fig. 1).
State of knowledge:
• ~5.6 ± 2.9 wt% water content in Cabeus crater estimated 

from LCROSS [1]
• Spectral modelling suggests up to 30 wt% water content 

[2]
• ~70% porosity estimated from LCROSS [3]
• Potentially higher bearing capacities than equatorial 

regolith [4]
Unknowns:
• Form, distribution, and homogeneity of ice distribution
• Verified in situ measurements of water content and 

mechanical properties

Mud pies:
• Mixing water with simulant in ambient conditions, then freezing into a cement-like 

material
• These simulants approach saturation at ~13-17% water content [5]
• They exhibit higher mechanical strengths with increasing water content [6,7]
Vapor deposition in a vacuum:
• Simulants are chilled under vacuum then water vapor is introduced and condenses 

on the surface
• Early experiments suggests these simulants exhibit more ‘slippery’ behaviour [8]

The vapor deposition method is more representative of the conditions expected on 
the lunar surface, however, it is significantly more complex than the ‘mud pie’ method 
and requires investment in large vacuum chambers and for subsequent experiments 

to be suitable for operation within the chamber.
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• A new, simpler, and more
affordable approach compared
to vapor deposition utilizes a fine
mist of water and LN2 [e.g. 9].

• Our UCF-based team have
produced an icy simulant from
LHS-1 with this approach
resulting in a porous, fluffy
simulant, unlike the mud-pie
method (Fig. 2).

• The simulant will be optimized to
mimic the volatile content and
mechanical properties (e.g. Fig 3)
of PSR regolith.

• Simulant development and optimization
is closely linked to improving our
understanding of PSR regolith, and
testing of PSR-bound technologies (Fig.
1).

• Optimization requires in-situ verification
of the ‘state of knowledge’ (Section 1),
and a series of mechanical properties
measurements. A range of valuable
measurements can be obtained from
robotic arms (e.g. Fig. 4) and the
proposed measurements from the
upcoming VIPER mission [12].
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Fig. 1: PSR measurements – Icy simulants feedback loop
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Fig. 2: example icy
simulant from UCF [10]

Fig. 3: Angle of repose
measurement of UCF
simulant

Fig. 4: example measurements proposed for the
MMPACT project (credit: Krystofer Dudzinski) [11]
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