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Abstract: 
Overview: Sustainable lunar development will 

likely follow a path of increasing complexity. It is 
proposed that this development could occur in five 
successive phases and that methods of funding each of 
these phases can be readily envisioned. 

Lunar Resources: In the 2009 LCROSS mission 
confirmed the long-suspected presence of water ice on 
the Moon.  Some of the locations suspected to have 
water ice are conveniently near local peaks with sun-
light for a large percentage of the lunar year.  It is 
generally thought that the next, initial steps of lunar 
development will involve telerobotic prospecting at 
the lunar poles to characterize the distribution of 
those resources.  The LCROSS results indicate that, in 
Cabeus Crater, the estimated amount of water ice in 
the excavated impact crater was about 5.6% +/- 
2.9%.  This comes to one part in 18 which is very high 
concentration in terms of ore.  Several peaks with 
sunlight for a large percent of the year have been 
identified using LRO data.  Several local, smaller 
(e.g. 1-2 km diameter) craters can be identified as 
targets of high interest for the Resource Prospector 
mission. 

Resource Prospector: NASA is developing a small 
telerobotic mission to scout areas on interest on the 
Moon with a particular emphasis on polar areas sus-
pected to contain high quantities of ice.  This mis-
sion(s) would provide the necessary data about the 
distribution of the ice within the regolith and whether 
extracting it at sufficient levels for propellant and 
crew is cost-effective.  A set of small craters near one 
of the peaks with high quantities of sunlight is identi-
fied as a potentially interesting target. 

Telerobotic Phase: Prior to crew arrival, and 
while the lander is not yet human-rated, a full-scale, 
telerobotic ice-harvesting phase could be attempted.  
If successful, this would significantly reduce the cost 
of later transportation.  A notional concept for ice 
harvesting is briefly presented including a video ani-
mation.  The concept minimizes the number and mass 
of hardware necessary to go from icy regolith to pro-
pellant.  The telerobotic phase could also include the 
delivery of an initial, large, flat-roofed habitat with 
the telerobotic covering with regolith for shielding. 

Initial Crew Phase: For infrastructure and histor-
ic reasons, it is recommended that the initial crew be 
a small, commercial team composed of men and wom-
en able to remain on the lunar surface for an indefi-
nite period of time.  Their primary roles would in-

clude the maintenance and expansion of the telerobot-
ic, ice-harvesting workforce and the establishment of 
additional habitats in prepration for the next phase. 

International Exploration Phase: The fourth phase 
could involve a large number of nations sending their 
national astronauts to the surface for scientific explo-
ration on behalf of their citizens.  This could involve 
the teams being transported in refueled landers on a 
series of suborbital hops before returning to the polar 
base to refuel. 

Private Settlement Phase: With the increased 
flight rate and in situ propellant production, the final 
phase of private settlement might be possible.  Based 
upon the age distribution of wealthy individuals, it is 
suggested that retirees will be over-represented 
among this population. 

Financing: It is proposed that the prospecting 
phase be funded as a regular NASA program and that 
the relerobotic and initial crew phases be funded via 
a set of public-private programs.  Evidence suggests 
that a large number of countries would like to see 
astronauts exploring the Moon on behalf of their citi-
zens and so the international exploration phase would 
be funded via national budgets.  Finally, private set-
tlement of the Moon would be primarily funded via 
the savings of the individuals. 
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Hydrogen distribution by the south lunar pole 
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Resource prospector mission (NASA). 
 

 
Notional concept for an ice harvester. 
 
 
 
 
 

 
 

 
Lunar base concept - Shackleton Crater (NASA) 
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