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Lunar Outpost Site Selection Criteria

Operations
Crew safety

Orbital mechanics

Communication

Surface environment

Science
Planetary science

Heliophysics

Earth science

Astrophysics

Planetary protection

Resource Utilization
Oxygen

Volatiles

Metals

Construction materials

Commercial Potential



“Unmanned Spaceflights Needed as Scientific Preparation 
for a Manned Lunar Base” by Don E. Wilhelms

Geo-science based

3 mission types:  polar orbiter, sample return, seismic probes (i.e., 
geophysical network)

Proposes 25 sites for unmanned sample return on the basis of age and 
composition determination

“Merits of a Lunar Polar Base Location” by James D. Burke

Based on several criteria: thermal and illumination environment, polar 
volatiles, astronomy, ease of access to an from lunar orbit (i.e., operations)

Lunar Bases and Space Activities of the 21st Century

October 29-31, 1984, Washington D.C.

And many other papers:

“Lunar Oxygen Production from Ilmenite”, by Michael A. Gibson and 
Christian W. Knudsen

“A Very Low Frequency Radio Astronomy Observatory on the Moon”, by 
James N. Douglas and Harlan J. Smith

“Mission and operations Modes for Lunar Basing”, by Gordon R. 
Woodcock



The Workshop on Geoscience from a Lunar Base

August 25-26, 1988, Houston, Texas

Global Surveys

Lunar Orbit Missions

Surface Geophysical Stations

Reconnaissance Missions

Automated In Situ Analysis Missions
Semiautonomous rovers
100s of km range

Automated Sample Return Missions
31 suggested sites
targets: maria, crater melt sheets, basin melt sheets, 

highlands, lunar resources

Geoscience Investigations from a Lunar Base

Geologic studies: regolith stratigraphy, sample collection

Geophysical measurements: seismic, gravity, heat flow, magnetism

31 suggested sites that require intensive field work by humans
targets: cratering, volcanism, highlands, magnetic anomalies





Developing a Site Selection Strategy for a Lunar Outpost:
Science Criteria for Site Selection

April 2-3, 1990, Houston, Texas

Cooperative effort between the Lunar and Mars 
Exploration Office and the Office of Space 
Science and Applications

Science criteria developed by discipline 
Astronomy
Space Physics
Lunar Geology
Lunar Geophysics
Lunar Resources

Site selection criteria were formulated based 
on the assumption  that there would be one 
outpost on the near-side

Latitude and longitude requirements (for 
observatories) and terrain criteria for lunar 
geosciences and resources were primary 
drivers



Developing a Site Selection Strategy for a Lunar Outpost:
Science Criteria for Site Selection

- Summary -

“Locate astronomical instruments within 10 degrees of the lunar equator to 
maximize access to the celestial sphere . . . and from 5 to 10 degrees of the 
mean lunar limb to maintain Earth in field of view but low on the horizon.”

“Space physics observations of the Sun require the outpost to be located within 2 
degrees of the lunar equator.  Some potential space physics experiments require a 
region low in KREEP to minimize the radiogenic component of the lunar regolith and 
the indigenous radiation.”

“The outpost site should have a “flat” area for emplacement of instrument, e.g., 
observatories.”

“Instruments that require a far-side equatorial or antipodal subearth point were 
considered; however, their location is independent of a near-side outpost.”



Developing a Site Selection Strategy for a Lunar Outpost:
Science Criteria for Site Selection

- Summary -

“The outpost should be located at a carefully chosen mare-highland contact on a 
mare surface for purposes of geological/geophysical exploration. Access to 
adjacent highlands and to outcrop are requirements.”

“A mature regolith is required for solar wind implanted resources . . . Oxygen may 
be extracted from any material, but mare material offer the most flexibility . . . The 
question (and criterion) however, remains open until an oxygen extraction process 
is selected.”



A Site Selection Strategy for a Lunar Outpost:
Science and Operational Parameters

August 13-14, 1990, Houston, Texas

Six Candidate Sites (and advocates)
Mare Tranquillitatis; 34.9 N, 39.4 E  (Dave Vaniman)
Mare Ingenii; 35 S, 165 E (Jeff Taylor)
Riccioli; 3.5 S, 74 W (Paul Lowman)
Amundsen; 88 S, 60 E (Jeff Plescia)
Aristarchus; 23 N, 48 W (B. Ray Hawke)
Mare Smythii; 1.7 N, 85.5 E (Paul Spudis)

Sites Evaluated by:
Principal characteristics (lat/lon, earth view, terrain type)
Geoscience goals and objectives
Astronomy and Space Physics (location criteria)
Resources
Operational Constraints (orbital mechanics limitations, i.e., 
Space Station freedom as node)

Site Selection Simulation
Sites specifically selected to be representative of a variety 
of potential sites



A Site Selection Strategy for a Lunar Outpost:
Science and Operational Parameters

- Summary of Numerical Ranking of Sites -

Tranq. Ingenii Riccioli Smythii Amundsen Aristarchus

Geology 9 12 11 14 9 13

Geophysics 3 8 8 7 3 4

Astronomy 6.8 8 8.4 8.4 6.6 6

Space
Physics 9 5.8 7.8 8.3 6 7.3

Resources 7 6.5 6.8 4.6 4.6 6.4

Average 7 8.1 8.4 8.5 5.8 7.3



A Site Selection Strategy for a Lunar Outpost:
Science and Operational Parameters

- Findings -

“A successful site selection strategy must incorporate the potentially competing 
interests of science, resource utilization and operational constraints within the 
overall context provided by an overarching strategy for exploitation and 
exploration of the Moon.”

“. . . equatorial near-limb sites (Smythii, Riccioli) were most favored and the polar 
site (Amundsen) was least favored, however the rankings were approximately the 
same. No single site stood out as a clear winner.”

“Smythii and Riccioli were relatively high ranked for astronomy, as was the far 
side site, Ingenii.”

“The lunar orbit rendezvous mode of operating at the Moon leads to an outpost 
location preference based on operational simplicity ( most to least preferred: 
equatorial, polar, mid-latitude near side, mid-latitude far side).”

“The use of Space Station Freedom as a low Earth orbit staging and recovery 
point imposes significant timing constraints.”



A Site Selection Strategy for a Lunar Outpost:
Science and Operational Parameters

- Findings -

“It is evident that lunar exploration and exploitation must involve global 
accessibility.  No single site satisfies all objectives.  Transportation that is safe 
and allows traversing to locations in the vicinity of the outpost on a scale of tens 
to up to hundred kms provides powerful leverage in site selection.”

“Sustained operations call for a thorough knowledge of site properties and 
extension of the data base for hundreds of kms into the adjacent terrain.”

“In general, the site rankings for resources show the importance of thick regolith.”



A Site Selection Strategy for a Lunar Outpost:
Science and Operational Parameters

- Recommendations -

“A Lunar Polar Orbiter should be flown as soon as possible to provide the data 
base necessary to make sound scientific and operational judgements.”

“There should be further analysis of alternate orbital transfer modes to provide 
flexibility in operational scenarios and in the range of sites that would be accessible.”

“There should be further analysis of surface transportation modes that are decoupled 
from terrain considerations (e.g., pressurized rovers vs. ‘hoppers’).”

“There is considerable multidisciplinary debate in the site selection process.  A 
means of weighting criteria as a function of discipline would be useful.”

“A philosophy that supports developing a lunar infrastructure that may exist 
independently of future steps should be considered.”



Lunar Exploration Science Working Group (LExSWG)

July, 1992

Only ‘types of site’ mentioned
“This document does not specifically address the science 
impact on outpost and human landing site selection, nor 
does it address the role of science in choosing among 
various exploration architectures.”

“It is implicit, however, that in order to successfully 
address the major planetary science themes, the mission 
elements defined here will have to be incorporated into 
the overall SEI strategy.”

Final report - February 1995

G.Ryder, P. Spudis, and G. J. Taylor (Eos 70, 
1495-1509, 1989)



Exploration Systems Architecture Study

May 25 2005, Washington D.C.

3 People

John Gruener
Paul Spudis
Jerry Sanders

1 Afternoon

Operations
Science
Resource utilization

10 Proposed Sites

Human sorties and outpost
Based on previous work
Sites served as initialization purpose
Sites ‘stuck’ after further review



Exploration Systems Architecture Study

1. South Pole (rim of Shackleton)

2. South Pole-Aitken  basin floor (near Bose)

3. Aristarchus Plateau (north of cobra head)

4. Rima Bode (near vent)

5. Mare Tranquillitatis (north of Arago)

6. North Pole (rim of Peary B)

7. Oceanus Procellarum (in Flamsteed)

8. Central Far Side (near Dante)

9. Orientale basin floor (near Kopff)

10. Smythii basin floor (near Peek)
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Landing Site Latitude Longitude Notes
--------------------------------------------------------------------------------------------------------------------------------------------------
A.   South Pole  89.9 S 180 W (LAC 144) rim of Shackleton
B.   Far side SBA floor 54 S 162 W (LAC 133) near Bose
C.   Orientale basin floor 19 S 88 W (LAC 91) near Kopff
D.   Oceanus Procellarum 3 S 43 W (LAC 75) inside Flamsteed P
E.   Mare Smythii 2.5 N 86.5 E (LAC 63) near Peek
F.    W/NW Tranquilitatis 8 N 21 E (LAC 60) north of Arago
G.   Rima Bode 13 N 3.9 W (LAC 59) near Bode vent system
H.   Aristarchus plateau 26 N 49 W (LAC 39) north of Cobra Head
I.    Central far side highlands 26 N 178 E (LAC 50) near near Dante
J.   North Pole 89.5 N 91 E (LAC 1) rim of Peary B
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Possible 
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Lunar Architecture Team (LAT)
Phase 1 - 2006     Phase 2 - 2007

~60 km

~90 km

~120 km

~30 km

Shackleton

From Bussey, et al., 1999

de Gerlache

Shoemaker

Sverdrup

Faustini

Malapert massif Operations
Relatively benign thermal environment
Potential for continuous sunlight
Relative ease of access
Any time return

Science
Feldspathic highlands terrain
Within rim of South Pole-Aitken basin
With 100s km traverse capability:

Earth view on near side
Radio telescope on far side
Access to SPA, including
Schrodinger Basin

Resources
Thick, mature regolith
H2 deposit in Shackleton



“Crosscutting Recommendation S-07-C-1: Scientific analysis and input should 
be integral components of the decision-making process for a lunar outpost or 
any lunar mission relative to landing-site targets, exploration planning and 
execution, and continuous post-mission evaluation and feedback.”

NASA Advisory Council (NAC) Workshop on
Science Associated with the Lunar Exploration Architecture

February 27-March 2, 2007, Tempe, Arizona

“Crosscutting Recommendation S-07-C-6: NASA should conduct a study to 
evaluate options to determine if Outpost sites other than polar sites might 
compare favorably in terms of costs and potential to address key objectives of 
the Vision for Space Exploration, including prioritized science objectives.”

“Crosscutting Recommendation S-07-C-7: Keep open the possibility of sortie 
missions (human and robotic) prior to establishment of the Outpost site.”



“Recommendation 3: NASA should develop plans and options to accomplish the 
scientific goals set out in the high-priority recommendation in the National 
research Council’s “New Frontiers in the Solar System: An Integrated 
Exploration Strategy (2003) through single or multiple missions that increase 
understanding of the South Pole-Aitken Basin . . ..”

National Research Council (NRC) report on
The Scientific Context for exploration of the Moon (2007)

“Recommendation 4: Landing sites should be selected that can fill in the gaps in 
diversity of lunar samples. . .”

“Recommendation 2R: The development of a comprehensive process for lunar 
landing site selection that addresses the science goals of Table 5.1 in this report 
should be started by a science definition team.  The choice of specific sites 
should be permitted to evolve as the understanding of lunar science progresses 
through the refinement of science goals and the analysis of existing and newly 
acquired data  Final selection should be done with the full input of the scientific 
community . . .”



National Research Council (NRC) report on
The Scientific Context for exploration of the Moon (2007)

“Among the highest priorities for scientific understanding will be investigations 
that either challenge or expand the ruling paradigms.”

Giant impact hypothesis
Lunar magma ocean hypothesis
Terminal cataclysm hypothesis

“It is important to note that the precise location of an outpost site will determine 
the scientific return.  It thus behooves the ESMD to incorporate scientific site 
criteria among its overall criteria.”



Exploration Architecture Requirements Document (EARD)

“A key strategy in implementing the Architecture is designing for and establishing 
a lunar outpost.”

“Buildup of the lunar outpost begins with the first crewed lunar mission (envisioned 
at one of the poles). Subsequent missions build up the outpost capability . . .”

“In addition to outpost missions, sortie missions, which are crew-only missions of 
limited duration, may go to any location on the Moon and will be staged on a case- 
by-case basis.”

“The two key focus areas for the Lunar Precursor Robotic Program are to 
provide a three-dimensional map to support the lunar mission site selection and 
operations and to provide information about the lunar environment.”



Exploration Architecture Requirements Document (EARD)

“[Ex-0003] The Exploration Architecture shall provide the capability to establish 
and support a permanently habitable outpost on the lunar surface. . . .The 
specific outpost site selection criteria will be developed and documented in a 
separate (TBD-EARD-006) Headquarters (HQ) -controlled document, as was 
done during Apollo. The intent of the requirement is for the capability to place 
an outpost at any longitude/latitude on the lunar surface, but not necessarily in 
every environment such as permanently-shadowed craters and significantly- 
inclined slopes.”

“[Ex-0004] The Exploration Architecture shall collect lunar environment data. . . 
. necessary to help identify future sites for outpost development and sortie 
missions, characterize surface conditions, . . .”

“[Ex-0006]  The Exploration Architecture shall demonstrate resource extraction 
and utilization from in-situ materials during lunar missions .”

“[Ex-0067]  The Exploration Architecture shall provide the capability to perform 
crewed and robotic activities to further scientific knowledge during lunar 
missions .”



Exploration Architecture Requirements Document (EARD)

“[Ex-0017] The Constellation Architecture shall perform Lunar Sortie Missions 
to any designated location on the lunar surface. . . . The lunar objectives 
deemed significant by NASA result in the need to go to a single location. . . 
While this is the case for most objectives, the option still exists to sortie to a 
different location when the need arises. . . This requirement does not imply that 
the full capability must exist for any location on the lunar surface.”

“[Ex-0024] The Constellation Architecture shall provide extended-range crew 
surface mobility of 500 (TBR-EARD-018) kilometers (km) to support extended 
exploration based from the outpost locations.”

“[Ex-0041] The LPRP shall provide high resolution three-dimensional mapping 
of the lunar surface. . . geodetic-grid of  the Moon provides the topography data 
about future landing sites.”

“[Ex-0042] The LPRP shall provide resource identification on the lunar surface. 
. . aids in the selection of future landing sites for those areas that are either 
scientifically interesting or could provide in-situ resources that can be utilized.”
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