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Our Evolving Understanding of the Moon 
and its Resources 

RESOLVE: Regolith & Environment Science and Oxygen & Lunar Volatile Extraction 

Integrated data sets from instruments 
on LRO support the existence of 
large quantities of water ice in the 
PSRs and in partially sunlit regions 

Synthetic Aperture 
Radar on Chandrayaan 

1 returns data that is 
consistent with water 

ice in the PSR's 

Clementine's Bi-Static 
Radar suggest Water 

Ice in permanently 
shadowed regions near 

the poles 

Watson, Murray 
and Brown theorize 
that cold traps at 
the moon's poles 
may contain wa 
1ce 

LCROSS impacts 
Cabeus A and clearly 
detects significant 
quantities of water in 
the ejecta 

Neutron Spectrometer 
aboard Lunar Prospector 
detects elevated levels of 
hydrogen that correlates 
with permanent shadow 
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LCROSS & LRO Definitively Prove Existence 
of Volatiles at the Lunar Poles 

RESOLVE: Regolith & Environment Science and Oxygen & Lunar Volatile Extraction 

Instrument 

Relative to H20(g) 
Long.;.tenn 

Column Density (# m·2) (NIR spec only) 
Concentration(%) Vacuum Stability UVNis NIR LAMP 

Temp (K) 
1.7e13±1.5e11 5.7 15 X 

5.1(1.4)E19 1 ( 5.50 ::> 106 X 

5.8e13±1.0e11 c 1 .39~ 10 X 

8.5(0.9)E18 0.1675 0.82 47 X X 

3.3e12±1 .3e10 0.79 X 

5.0e11±2.9e8 0.48 135 X 

3.1(1.5)E18 0.0603 0.33 63 X 

1.3e12±5.3e9 0.19 X 

1.6(0.4)E18 0.0319 0.18 58 X 

1.6(1 .7)E18 0.0312 0.17 -50 X 

1.1(1.0)E18 0.0217 0.12 50 X X 

7.8(42)E17 0.0155 0.01 86 X 

3.3(3.0)E17 0.0065 O.M 19 X 

1.7(0.4)E16 0.0003 0.002 >300 K if adsorbed X X 

0.001-0.002 

1-2 kg 197 X 

X 

X 

X 

X 

X 

• 
' ~ 

M3 

X 

X 

Volatiles comprise possibly 15°/o (or more) of LCROSS impact site regolith 
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RESOLVE Mission Requirements 

RESOLVE: Regolith & Environment Science and Oxygen & Lunar Volatile Extraction 

Primary Mission: 
~Verify the existence of and characterize the constituents and distribution of 

water and other volatiles in lunar polar surface materials 
- Map the surface distribution of hydrogen rich materials (Neutron Spectrometer, Near-IR 

Spectrometer) 
- Extract 1m core sample with minimal loss of volatiles from selected sites (Drill /Auger 

Subsystem) 
• to a depth of 1m 

- Heat multiple samples from each core to drive off volatiles for analysis (OVEN 
Subsystem) 

• from 1 00°K to 473°K 
• from 0 up to 100 psi a (reliably seal in aggressively abrasive lunar environment) 

- Determine the constituents and quantities of the volatiles extracted (LAVA Subsystem) 
• Hope to find and quantify H2, He, CO, C02, CH4, H20, N2, NH3, H2S, S02 
• Survive limited exposure to HF, HCI, and Hg 

Secondary Mission: 
~ Demonstrate the ISRU Hydrogen Reduction Process to extract oxygen from 

lunar regolith 
- Heat sample to reaction temperature (OVEN Subsystem) 

• from 4 73°K to 1173°K 

- Flow H2 through regolith to extract oxygen in the form of water (OVEN Subsystem) 

- Capture, quantify, and display the water generated (LAVA Subsystem) 

Pg. 5 



RESOLVE (Regolith & Environment Science and Oxygen 
and Lunar Volatile Extraction) 

RESOLVE: Regolith & Environment Science and Oxygen & Lunar Volatile Extraction 

Sample Acquisition­
Auger/Core Drill [CSA provided] 
• Complete core down to 1 m; Auger to 0.5 m 
• Minimal/no volatile loss 
• Low mass/power ( <25 kg) 
• Wide variation in regolith/rock/ice characteristics 

for penetration and sample collection 
• Wide temperature variation from surface to 

depth (300K to <1 OOK) 

Sample Evaluation-
Near Infrared Spectrometer (NIR) 
• Low mass/low power for flight 
• Mineral characterization and ice/water 

detection before volatile processing 
• Controlled illumination source 

Resource Localization­
Neutron Spectrometer (NS) 
• Low mass/low power for flight 
• Water-equivalent hydrogen~ 0.5 wt% down 

to 1 meter depth at 0.1 m/s roving speed 

Volatile Content/Oxygen Extraction -
Oxygen & Volatile Extraction Node (OVEN) 
• Temperature range of <1 OOK to 900K 
• 50 operations nominal 
• Fast operations for short duration missions 
• Process 30 to 60 gm of sample per operation 

(Order of magnitude greater than TEGA & SAM) 

Volatile Content Evaluation-
Lunar Advanced Volatile Analysis (LAVA) 
• Fast analysis, complete GC-MS 

analysis in under 2 minutes 
• Measure water content of regolith 

at 0.5% (weight) or greater 
• Characterize volatiles of interest 

below 70AMU 

Operation Control -
Flight Avionics [CSAINASA] 
• Space-rated microprocessor 

Surface Mobility/Operation 
[CSA mobility platform] 
• Low mass/large payload capability 
• Driving and situation awareness, stereo-cameras 
• Autonomous navigation using stereo-cameras 

and sensors 
• NASA contributions likely for communications and 

thermal management 
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RESOLVE 3rd Generation Prototype 
Near Flight Mass, Volume and Power 

RESOLVE: Regolith & Environment Science and Oxygen & Lunar Volatile Extraction 
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Planning the Mission: Where should we land? 
RESOLVE: Regolith & Environment Science and Oxygen & Lunar Volatile Extraction 

• Permanent Shadowed Craters? 
- LRO radar data suggests large, thick deposits of water ice in some of the 

Permanently Shadowed Craters 

- However, temperatures are extremely low (<40K), and a mission of any 
significant duration would probably require a nuclear energy source. 

• Mission would be prohibitively expensive for our current budget environment. 

• Partially sunlit regions? 
- Lunar Exploration Neutron Detector (LEND) suggests that there are areas of 

neutron suppression (indicator of hydrogen) outside of the permanently 
shadowed regions. 

- David Paige and the DIVINER radiometer team published results indicating 
that there are many areas in the polar regions that have subsurface 
temperatures ( <1 OOK) that would support the existence of water ice. 

- Solar powered missions are more affordable and the operating environment 
for hardware is much less harsh. 

- Perhaps a location like this would make it easier to set up a future mining 
operation on the Moon if the resources were plentiful enough. 
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LEND Data (clrca FaD 2009) 

RESOLVE Mission Options­
Potential South Pole Landing Sites 

& Environment Science and Oxygen & Lunar Volatile Extraction 

<0.1 m 

<10° 

Neutron Depletion 4.5 cps 

Temporary Sun* 4 days 

•. Comm Line of Sight* 8 days -
* may not coincide 

Solar 11111milllltioa for:\Ia~· 201 

<0.2m 

<15° 

4.7 cps 

2-4 days 

17 days 

Predicted Volatile Stability Solar Power Potential 

<0.1 m 

<10° 

4.9 cps 

5-7 d 

17 days 
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RESOLVE Mission Options­
Potential South Pole Landing Sites 

RESOLVE: Regolith & Environment Science and Oxygen & Lunar Volatile Extraction 
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Sun and Shadow Ops 
RESOLVE: Regolith & Environment Science and Oxygen & Lunar Volatile Extraction 

SUN {2.5 days) 

• Checkout 
• 6.17 hrs 

• 1st Navigation 0.6 km 
• 3. 88 hrs, 0. 6 km total 

• Drill 1st Hole 4.33 hrs 
• Two 0.5m Augers (1-2) 
• One 1.0m Core (1) 

• Process Segments {1-
8) 
• 8 segments, 26.84 hrs 

• 2"d Navigation 0.6 km 
• 3.88 hrs, 1.2 km total 

• Drill 2"d Hole 4.33 
hours 
• Two 0.5m Augers (3-4) 
• One 1. Om Core (2) 

• Process Segments {9-
10) 
• 2 segments, 9. 59 hrs 

SHADOW (2 days) 
• Hibernate 

• 48 hrs 

• Consider using this 
"down time" to downlink 
detailed RESOLVE 
data (pies, detailed 
plant data, etc.) 

MISSION SUMMARY 
• Mission Length 9.5 days 

• 2.5 days Sun 
• 2.0 days Shadow 
• 5.0 days Sun 
• 8.2 days of Scheduled Activities 
•1.3 days of Reserve Time 

• Samples Processed 
• 25 processed at 150 deg C 
• 3 processed at 900 deg C 

• Navigation 
• 5 navigation periods 
• Distance traveled is 3.0 km 

• Drilling 
• Ten 0.5 m Augers 
• Five 1.0 m Cores 

SUN (5 days) 

• Battery Recharge 
• 6.8 hrs 

• 3rd Navigate 0.6 km 
• 3. 88 hrs, 1. 8 km total 

• Drill 3rd Hole 4.33 hrs 
• Two 0. 5m Augers (5-6) 
• One 1.0m Core (3) 

• Process Segments 
{11-15) 
• 5 segments, 19.85 hrs 
• 1st H2 Reduction 

• 4th Navigate 0.2 km 
• 2. 29 hrs, 2. 0 km total 

• Drill 4th Hole 4.33 hrs 
• Two 0. 5 m Augers (7-8) 
• One 1.0m Core (4) 

• Process Segments 
{16-20) 
• 5 segments, 19.85 hrs 
• 2nd H2 Reduction 

• 5th Navigate 1.0 km 
• 5. 4 7 hrs, 3. 0 km total 

• Drill 5th Hole 4.33 hrs 
• Two 0.5m Augers (9-10) 
• One 1. Om Core (5) 

• Process Segments 
{21-25) 
• 5 segments, 18. 41 hrs 
• 3rd H2 Reduction 
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te on Mauna Kea very similar to the Moon! 






























