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Introduction: Extraction of ice in Permanently 

Shadowed Regions of the Moon using the thermal 
mining method may follow distinct production 
phases closely related to the build-up of a sublima-
tion lag and loss of bulk thermal conductivity [1]. 
Negative feedbacks in lunar water production, cap-
ture and processing need to be closely studied and 
mitigated using operational and technological 
methods. Two novel production methods are espe-
cially promising: (1) continuous thermal mining, uti-
lizing fast removal of the sublimation lag, and (2) 
fracking thermal mining, utilizing injection of a high 
thermal conductivity material into icy regolith po-
rous space and fractures. These two methods are 
studied in homogenous and heterogenous icy de-
posit conditions using combined heat and mass 
transfer model, and are compared with the base-
line thermal mining method yields. Technical feasi-
bility of those methods is also discussed. Produc-
tion improvements are observed across different 
production scenarios. This proves that mainte-
nance of bulk high-thermal conductivity in the 
mined deposit may improve water production in 
PSRs, while new systems and operational strate-
gies have to be included in the development of ice 
extraction infrastrcucture. Thermal mining once 
again proves that it is a very promising architecture 
for development of the cislunar econosphere, 
showing yields of thousands of metric tonnes of 
water per extraction. 

Modelling: Based on the previous time-de-
pendent combined heat and mass transfer model 
found in [1] and [2] (baseline scenario A), an ex-
tended variability was introduced to investigate dif-
ferent extraction scenarios, with addition of bulk 
regolith depth-dependence (scenario B), ice con-
tent depth dependence (scenario C), lowered ice 
density (scenario D), and continuous sublimation 
lag removal (scenario E). As in the baseline inves-
tigations, focus is set on the phase change inter-
face and its behaviour, as it can be easily trans-
lated to water production and production rates. The 
continuous lag removal is modelled with mesh 
movement governed by the limit on icy fraction in 
nodes. The lag removal is consistent with continu-
ous scraping or blow-off of the hot sublimation lag, 
as the extraction progressed deeper. 

 
Figure 1. Cumulative production across different scenarios. 

Discussion: Across the different scenarios, yields 
are increased relatively to the baseline. Such ob-
servations can be made: 

§ Bulk thermal conductivity is the main pro-
duction factor during thermal extraction of 
ices – the extraction systems should aim 
to keep this parameter high, whenever 
possible. Introduction of non-icy high-TC 
materials in the deposit (through fracking) 
may be advantagous; 

§ Heterogenous, depth-increasing distribu-
tion of ice and regolith density positively af-
fects production yields; 

§ Exposure of ‘fresh’ ice, especially in heter-
ogenous deposit, is advantageous; 

§ Regardless of the scenarios, production 
still follows distinct production phases, 
with high production rates at the begin-
ning, and slow decline in time. 
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