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Water and other volatiles belng trapped at t‘ne lunar poles was

first proposed by Watson et al. (1961) JGR. 66 1598-1600, and
further developed by Arnold (1979) JGR 84 5659 5668.
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Medium Energy Neutrons
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Hydrogen in PSF s < better resolution needed.
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Lumnar Rew JOENEYEN S
RADIATION: Cosmic Ray Telescope for the—Effects of Radiation
INFRARED | Diviner Lunar Radlometer Experlment
ULTRAVIOLET | Lyman Alpha Mapping Project
NEUTRONS | Lunar Exploration Neutron Detector
ELEVATION | Lunar Orbiter Laser Altimeter
SUNLIGHT | Lunar Reconnaissance Orbiter Camera

RADAR | Mini-RF Technology Demonstration
Lunar Crater Observatlon andSe ?wig Sa”telhte //

/3.4'




9°o 2O plus many other volatlles

boiateiaotal. (2010) Science 330, 463-468.
Slaprete et al. (2012) Space Sci. Rev. 167, 3-22.
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Voldeyzilex!

. LOLA reflectance anq Diviner
temperature data’ fehthe best places to
. find polar water-lce

Fisher et al. (2017) lcarus*292 .74-85.
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Mini-RF (fully operatlonal) Radar
Circular Polarization due to rock LR L0 é
abundance or buried waterice.” . |EEELaE e

* Rock Abundance: hlgh -CPR
Inside and outS|de craters; =

» Water-Ice: high-CPR onIy |nS|de
craters — anomalous 3

Spudis et al. (2013) JGR 118, .2
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LAMP: UV.reflectance in South Pole
PSRs. Observe a strong change in
s,pectra1 behaww,:at locations <110 K,
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Polar VolatllexDeposits

LEND: Converted neutron
count data to “Water-
Equivalent-H” in top:~1 meter
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\ Niitrofanov et al. (2012) JGR
117, EO0H27,
: \ doii10.1029/2011JE003956

LEND: Neutron Supp'res‘s'io;n?'-r S(N§RS)|n & around
Permanently Shadowed Regv SRs).



South Pole ,
« Hydrogen >150 ppm.

« Average T<110K: -~ = = *
- Preserves subsurface ice for geologlc t|m H
. Slope <10 degrees: aties w e \

- Navigable by current rovers.
« Outside and adjacent to PSR:

F —C

F

Amundsen r

- Lighting avallable &> X A
Cabeus and ShoemakerlNoblle/V‘ gmﬂ;bs \

meet general criteria and. have sg " o, & Far
XS ,}/‘(4/
Earth visibility.  nhitp./ww. Ip| u§r*ér%§ﬁ‘ Heag/reports/vsat_report. 123114x.pdf



North Pole g
Hydrogen >150 ppm.
Average T < 110K:

- Preserves subsurface ice for geologlc tlme
Slope < 10 degrees: - A
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Rozhdestvenskiy,

Lovelace
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North Pole
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Nansen

- Navigable by current rovers. = .
Outside and adjacent to PSR: ]
~ Lighting available..

Peary vicinity meets general cr‘rtg’?la an’cf
has Earth visibility. . %3;,’1 7
Substantial area of farside. alsQ tj}ée

general criteria. http: IwWw.] Ior ué%:
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Prospecting should be in AND around .
PSRs. = RS '7%

Do we really need to go into a PSR to —
harvest volat||e deposits? - . . - Ty

Rovers don’t need to aII be RTG pOWéred "‘ Q; -
ke, “y 5 %
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Need to know the following:
« 3D distribution;
e Form;

. Comp03|t|or‘1

* Quantify the reflnmg;é C
of potential life support'censemables and rocket fuels.
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Monte Carlo Results for a100 x 100 meter area
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Average Error & STDEV
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Minimum: need to trav*""""'viéﬂ"',, ,
Goal: 320 m. -
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Exploring Polax Yo labiles = Flrst Stew

Peary Crater PSR = North Polé: S IS

| i Faside Peary Crater

Shor -
Paskeiliis Al
W

2

Location (longitude, latitude): 30.00, 88.50

Scientific Rationale:
Polar volatiles
Impact process

¥ % NG \ ‘ N Resource Potential:
5 I S S SN R, A ALY ¥ Highlands regolith
Ay Wy 78 e R e : P Enhanced hydrogen in permanently shadowed polar
/ /(‘ 1'},)‘ W p : W \ S . L _ "- craters (water ice?)

Operational Perspective:
Highlands terrain

Polar location

Areas of permanent shadow

NASA References:
Exploration Systems Architecture Study (2005)
Geoscience and a Lunar Base (1990)

LROC WAC Mosaic Lunar North Pole g8 5 e R G DL isl :
Polar Stereographic, 400 m/pixel s/ i 72 v 2 = R SR 2 F
Arizona State University - L < (Clementine uvvis color ratio image not available)



PYVD Explorasion Procrarmn
Low cost LCROSS -type missions o varlous PSRs.

Penetrators-containing mass spectrometers deployed to
larger PSRs (short-lived). .

Static landers dlrect to a PSR These Could contaln RTG-
powered rovers A

Resource- Prospector—type rOvers for short duratlon Visits

/

to accessible PSRs. Qe

RTG-poweréd rovers that WQ_U|d {and wsunllght and
traverse into PSRS jﬁﬁng, i { /
“Hoppers” to V|S|tarea >
several PSRs. Vo
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Elemental abundances and - . l-lRéV}ié?UV spectrometer(s).
isotopic composition. . Qvf‘eh"'-_‘.frs-j,‘s N
Variability both at the surface” . pMass spectrometer( )
and in the subsurface: ‘

Regolith geotechnlcal s T Penetrometer

properties. Hi h-resolution camera(s).
ol I’ |
Physical form (lce Iayer Icesg i e ou

regolith mixture, etc. ) ”'"f"?cher rga’y be required

Environmental data« | w’m dependi’ng on the mission

ISRU demonstratlons

= Drill (+/- coring capability).
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Initially undertake in situ science at the drfferent PSRs at both
the South and North poles: B R

* Mission Options 1 (“LCROSS”) and2 (Penetrators) could be deployed
to the large neutron suppression areas deep with in PSRs. (e.g.,
Cabeus, Haworth Shackleton, Nobile, West of Peary)

« Mission Optlons 3 (static landers) and:4 (solar—powered rovers) could be
deployed to craters that are in partial shadow (e g, Péary, western
Hermite, western Rhozhdestvenskly W)

» Mission Options 5 (RTG rovers) ara'd 6 (hoppers) afie suggested for
detailed PSR mvestrgations if mr; _"‘_"l;l,sopportumtles are limited and/or if
rovers cannot enter the reglon Jie 3’5 2 o
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Explozxa jj:);r "UJ. lumar Polar
Volatile De posits

Exploration and science synergles. '

Private sector interest in these resources that have science benefits.

International interest in the polar volatiles — 6 landed missions to the

south pole between now and 2025.

Initial in situ mvestlgatlons that Ieads to cryogenlo storage and

sample return. W ¥

Technology deveIOpment in cryogemc sampllrw transport & curation.

Feed forward to other destmatipms ﬂ\/]ars Comets Ocean Worlds).

i .

Enabling sustainable |nterplane)ta;.,;f§ humer} space travel.

S




Yes — BUT:

e Needto understand |f resources are reserves
(prospectmg') B -

« Water is the resource SO Oxygen and Hydrogen

; ..‘,.’Z

will be the fueIs derived. & iyl
» Most engines! belng developed L'Qx-Methane

« Need development of L@)gs» [“gg,g,he’s tgﬁ”’
stimulate the market for e;,f{.__.j__;;,;)_;yrestrraf[ derived
fuels (Moon AND Mars)a =
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» Fire fountain eruptions occurred numerous tlmes On the Moon.

« Substantial samples returned by ApoIIo 15 (1971 ,\15426) & Apollo 17 (1972;
74220). ; 3

« BUT what we got from Apollo will be important for"t'fr}i_"e fu:;ure.

Lunar Volcanic Glass Beads
|




Saal et 3l (2008)
Nature 454
. 192-195

Hauri et al. (2011)
Science 333, 213-215
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Non=Polaz.VYolaiile Deposits
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H,0 <50 ppm 100




Talie Slogiie lless
The Moon is not the end-game!

It is an enabling asset as the gateway for
humans to explore the Solar System!

Resources can bring the Moon into our D .
economic sphere of influence and drive a Phobos Deimos
new area of economic growth.



