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RP Project 
Objectives:  
Moon as a Resource & 
Proving Ground for 
Earth Independent ISRU 
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RP Mission Goals and Relevance 

Phase I: Lunar Resource Prospecting 
 
• Defining the composition, form, and extent of the resource;  
• Characterizing the environment in which the resources are found;  
• Defining the accessibility/extractability of the resources;  
• Quantifying the geotechnical properties of the lunar regolith in the areas 

where resources are found;  
• Being able to traverse several kilometers and sample and determine 

lateral and vertical distribution on meter scales;  
• Identifying resource-rich sites for targeting future missions  

 
Resource Prospector is aligned with the community vision for the 

next lunar resource mission – Ro continues to work with LEAG 

From LEAG Robotic 
Campaign Analysis (2011): 
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NexGen Space LLC: Economic Assessment and Systems Analysis of an 
Evolvable Lunar Architecture that Leverages Commercial Space Capabilities 
and Public-Private-Partnerships 
 
Among several conclusions: 
 
• A commercial lunar base providing propellant in lunar orbit might substantially 

reduce the cost and risk NASA of sending humans to Mars. The ELA would reduce the 
number of required Space Launch System (SLS) launches from as many as 12 to a total of 
only 3, thereby reducing SLS operational risks, and increasing its affordability. 
 

• To the extent that national decision makers value the possibility of economical production of 
propellant at the lunar poles, it needs to be a priority to send robotic prospectors to the 
lunar poles to confirm that water (or hydrogen) is economically accessible near the 
surface inside the lunar craters at the poles. 

 
 

RP Mission Goals and Relevance 
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• Data from LRO, LCROSS, and M3 suggest patchy and/or 
buried distributions of hydrogen 

• Impact gardening will create heterogeneity at lengths 
scale of ~10-100 m 

• Several data sets suggest time-dependent surface 
component 

• In areas of limited sun near sub-surface temperatures are 
cold enough to retain water  

Mission Goals & Relevance 

…but how are they distributed and accessed at the “human” level? 
Hayne et al., 2015 

Frost layer? 
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Determining ‘Operationally Useful’ Deposits 

OR 

Need to Evaluate Local Region (1 to 3 km) Need to Determine Distribution Need to Determine 
Vertical Profile 

Potential Lunar Resource Needs* 
   1,000 kg oxygen (O2) per year for life support backup (crew of 4) 
   3,000 kg of O2 per lunar ascent module launch from surface to L1/L2 
 16,000 kg of O2 per reusable lunar lander ascent/descent vehicle to L1/L2 (fuel from Earth) 
 30,000 kg of O2/Hydrogen (H2) per reusable lunar lander to L1/L2 (no Earth fuel needed) 
*Note:  ISRU production numbers are only 1st order estimates for 4000 kg payload to/from lunar surface 

An ‘Operationally Useful’ Resource Depends on What is needed, How much is needed, and How often it is needed 

Need to assess the extent of the resource ‘ore body’ 
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RP Level 1 Requirements 

1.1   RESOURCE PROSPECTOR SHALL LAND AT A LUNAR POLAR REGION 
TO ENABLE PROSPECTING FOR VOLATILES 
• Full Success Criteria: Land at a polar location that maximizes the combined potential for 

obtaining a high volatile (hydrogen) concentration signature and mission duration within 
traverse capabilities  

• Minimum Success Criteria:  Land at a polar location that maximizes the potential for 
obtaining a high volatile (hydrogen) concentration signature   
      

 
1.2 RESOURCE PROSPECTOR SHALL BE CAPABLE OF OBTAINING 
KNOWLEDGE ABOUT THE LUNAR SURFACE AND SUBSURFACE VOLATILES 
AND MATERIALS 
• Full Success Criteria: Take both sub-surface measurements of volatile constituents via 

excavation and processing and surface measurements, at multiple locations  
• Minimum Success Criteria: Take either sub-surface measurements of volatile constituents 

via excavation and processing or surface measurements, at multiple locations 
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Measurement Requirement Summary 

Paraphrased Level 2 Measurement Requirements 
 
Minimum Success: 
• Make measurements from two places separated by at least 100 meters 
• Surface or subsurface measurements 
 
Full Success (shalls): 
• Measurements from two places separated by at least 1000 meters 
• Surface and subsurface measurements 
• Measurements in and sample acquired from shadowed area 
• Demonstrate ISRU 

 
Stretch Goals (shoulds): 
• Make subsurface measurements in at least eight (8) locations across 1000 m 

(point-to-point) distance 
• Process and analyze subsurface material in at least four (4) locations across 

1000 m (point-to-point) distance 
• Provide geologic and thermal context 
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SKGs and RP – Address at Least 22 Lunar SKGs 
Instrument or Activity RP Relevance

I. Understand the Lunar Resource Potential
D-3 Geotechnical characteristics of cold traps NIRVSS, Drill, Rover H
D-4 Physiography and accessibility of cold traps Rover-PSR traverses, Drill, 

Cameras
VH

D-6 Earth visibility timing and extent Mission Planning VH
D-7 Concentration of water and other volatiles species within depth of 1-2 m NSS, NIRVSS, OVEN-LAVA VH
D-8 Variability of water concentration on scales of 10's of meters NSS, NIRVSS, OVEN-LAVA VH

VH- Volatiles
LM-Minerals

D-10 Physical nature of volatile species (e.g. pure concentrations, intergranular, 
globular)

NIRVSS, OVEN-LAVA H

D-11 Spatial and temporal distribution of OH and H2O at high latitudes NIRVSS, OVEN-LAVA M-H
D-13 Monitor and model movement towards and retenion in PSR NIRVSS, OVEN-LAVA M
G Lunar ISRU production efficiency 2 Drill, OVEN-LAVA, LAVA-WDD M

III. Understand how to work and live on the lunar surface
A-1 Technology for excavation of lunar resources Drill, Rover M
B-2 Lunar Topography Data Planning Products, Cameras M
B-3 Autonomous surface navigation Traverse Planning, Rover M-L
C-1 Lunar surface trafficability:  Modeling & Earth Tests Planning, Earth Testing M
C-2 Lunar surface trafficability:  In-situ measurements Rover, Drill H
D-1 Lunar dust remediation Rover, NIRVSS, OVEN M
D-2 Regolith adhesion to human systems and associated mechanical degradation Rover, NIRVSS, OVEN, 

Cameras
M

D-3 Descent/ascent engine blast ejecta velocity, departure angle, and entrainment 
mechanism: Modeling

Landing Site Planning, Testing M

D-4 Descent/ascent engine blast ejecta velocity, departure angle, and entrainment 
mechanism

Lander, Rover, NIRVSS H

F-2 Energy Storage - Polar missions Stretch Goal:  Lander, Rover
F-4 Power Generation - Polar missions Rover M

Lunar Exploration Strategic Knowledge Gaps 

D-9  Mineralogical, elemental, molecular, isotopic, make up of volatiles NIRVSS, OVEN-LAVA
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Sampling 

Prospecting 

NIR Volatiles Spectrometer 
System (NIRVSS) 
• Surface H2O/OH identification 
• Near-subsurface sample 

characterization 
• Drill site imaging 
• Drill site temperatures 

Resource Prospector – The Tool Box 

Drill 
• Subsurface sample acquisition 
• Auger for fast subsurface assay 
• Sample transfer for detailed 

subsurface assay 

Neutron Spectrometer System 
(NSS) 
• Water-equivalent hydrogen > 0.5 

wt% down to 1 meter depth 

Mobility 
Rover 
• Mobility system 
• Cameras 
• Surface interaction 

Processing & 
Analysis 

Oxygen & Volatile Extraction 
Node (OVEN) 
• Volatile Content/Oxygen 

Extraction by warming 
• Total sample mass 
 

Lunar Advanced Volatile 
Analysis (LAVA)  
• Analytical volatile identification 

and quantification in delivered 
sample with GC/MS 

• Measure water content of 
regolith at 0.5% (weight) or 
greater 

• Characterize volatiles of 
interest below 70 AMU 
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Summary 

• RP goals are motivated by both ISRU technology objectives and 
SKGs (determining if the Moon architecturally viable resources) 
 

• Level 2 measurement requirements derived from L1 requirements 
were informed by the SKGs and the long history of RESOLVE payload 
development 
 

• As a Class D mission top-level requirements are purposely broad and 
offer significant flexibility and opportunity to navigate programmatic 
realities 
 

• Requirements are structured in terms of Minimum, Full and Stretch 
Goals, with the mission design targeting Full Mission success as 
required (“shalls”) and looking for opportunities to address Stretch 
Goals (“shoulds”). 



National Aeronautics and Space Administration 
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SKG Gap-Filling Activity RP* Relevance / 
Feed-forward 

Mars 

B4 Dust Effects on Surface 
Systems 

B4-2.  Dust physical, chemical and electrical properties   

B4-3. Regolith physical properties and structure   

D1 Water Resources 

D1-2. Water ISRU demo   

D1-3. Hydrated mineral compositions   

D1-4. Hydrated mineral occurrences   

D1-5. Shallow water ice composition and properties   

D1-6. Shallow water ice occurrences   
Small Bodies (NEAs, Phobos & Deimos) 
II. Understand how to 
work on or interact with 
the SB surface. 

B. Hazards to equipment 
and mitigation 

II-B-1. Mechanical/electrical effects of SB surface 
particles.   

C. SB surface mechanical 
properties 

II-C-2. Geotechnical properties of SB surface 
materials.   

IV. Understand the SB 
resource potential. 

A. NEO 
resources 

IV-A-4. Prepositioning and caching extracted resources.   

IV-A-2. Knowledge of how to excavate/collect NEO 
material to be processed.   

B. Phobos/Deimos 
resources 

IV-B-1. Phobos/Deimos subsurface resource potential. 
  

IV-B-2. Knowledge of how to access resource material at 
depth   

Extensibility to Mars and Small Bodies 
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Prospecting Mission: 
Characterize the distribution of water and other volatiles at the lunar poles 

• Map the surface and subsurface distribution of hydrogen rich materials  
• Determine the constituents and quantities of the volatiles extracted  

- Quantify important volatiles: H2, He, CO, CO2, CH4, H2O, N2, NH3, H2S, SO2  
• Measure or provide limits on key isotope ratios, including D/H, O18/O16, S36/S34, 

C13/C12 
 

ISRU Processing Demonstration Mission:  
Demonstrate the Hydrogen Reduction process to extract oxygen from lunar 

regolith  
• Demonstrate the hardware (e.g., oven, seals, valves) in lunar setting 
• Capture, quantify, and display the water generated  

Resource Prospector:  
A mission to explore lunar polar volatiles 

Mission Goals & Relevance 
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