


Drilling on the Moon and Mars in human Exploration
(DOMMEX) and EuroGeoMoonMars

What is it?

* A collaboration between NASA DOMMEX, EuroGeoMars, Intl. Mars
Society

- Crew simulations of 2 week duration using Mars Desert Research Station

« 7 missions in 2009-2010 with having a mix of national origins, gender, age,
& experience levels.
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Why Drill on the Moon and Mars?

Drilling and subsurface sample acquisition is a key science activity for
robotic precursor missions and human exploration on both the Moon
and Mars. Regolith core samples are among the most valuable
science products of Apollo. On Mars, drilling is needed to get to the
most biologically interesting samples.

DOMMEX mission objectives focus on subsurface investigations and
sample collection, and test subsurface access technologies
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Science Tasks Exploratlon Phase

« Explore major geologic units in the base area

Choose and characterize candidate sites for drilling, soil sampling, and
geophysics experiments



Sampling phase Activities: Soil cores collected and analyzed with TERRA field

XRD

» Soil cores were collected from each geological unit using a manual impact soil corer
and aseptic techniques.

 Mineral analysis was performed with TERRA (in Xitu™) portable XRD instrument, a

commercial grade prototype of the MSL CHEMIN instrument.

* Biological analysis (DNA extraction) was also performed in the habitat and samples

were prepared for subsequent analysis upon return to “earth”.

Biological sample
analysis in the habitat

Soil cores collected XRD analysis in field and hab with
with penetrometer Terra XRD
to 1m depth
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Human explorers are far superior to robots for drilling




Technology Testing Activities
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» Deploy and test MU prototype soll penetrometer and sample collection
system in 4 different types of soils



12 Mission Days; 864 People Hours

OUT: Meal time

1% <‘
) IN: Meal time
OuT: Otherj 11%

7%

IN: EVA prep/planning
9%

IN: Sample analysis

OUT: EVA 9%
41%

IN: Hab Maintenance
8%
" IN: Other
IN: Report writi . 7%

0, |
2% | IN: MUM maintenance

5%

Percent of EVA time

Breakdown of EVA activites over mission duration

first 4 days

middle 4 days

last 3 days

M sample collection preparation
I sample collection
B MUM testing
B MUM preparation
M instrument testing
W instrument preparation
other
M scouting
M transportation




Multicultural and Educational Aspects
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Denmark

Grad Student France
Airforce
Cadets

Australia NASA/US
professor researcher
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Activities from a base naturally allows for iteration and refinement

lterative Science Strategy on Analog Geophysical EVAs

LND Brian Shiro, University of North Dakota Carol Stoker, NASA Ames Research Center

brian.shiro@gmail.com carol.r.stoker@nasa.gov

@ MARS DESERT RESEARCH STATION MISSION PLANNER

See poster by
Shiro and
Stoker for
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EVA Log

Kissing Camed Range s 3 100m
high arcing structure that inter-

Crew 83 @Nov 2009 - — stud A[aa sects with the Cretaceous Dakota [ ]
- o N L sandstone-capped ridgeiine called
Geal = CRUx GPR Field Testing ¢ a . Radia Ridge. 1t s elevated due to
L a cap ruck that i gravel cementad
vie carried cut a series of ground-penetrating radar Now 20 = Cadal nd Sugh | A ofile center by silica and therefore harder than |
e s e Collecked Track. 1 daka up on Radis Bidge ubere Kiscim “3BUN, MOBely e suroundng duassc e Hori
e Cornel Ranue intersenis b the cdge. Sue o refiectod . X o e el
fce studies on the Moon and Mars via agronauts. on the norfhern edye of the profile. “Perhaps the ndge \u hs tends subsurface beyond the fnter-
i & buried paleschannel . e section.
During November 2003, a crew ed by Stoker collected % -
exploratory ground penetrating radar (GPR) data wsing New 26 = Jush and Carel 2 : =
the miniature CRUX (Canstruction and Resource Utiiza- Collecked Track 45 data along & profie closer to the edge .
Bai Bxploem) petotype ot sl dichlert s, of e tidge. buk the reblector still only shows up on the o 3 g el 2
wosible chined deposk northermaost edye of e brack No bime left in the
In January-February 2010,  subsequent crew led by mission ke return for furkher investigation
Shiro conducted an active seismic survey along a o
meter profile to further investigate the feature using 12
vestical geophones mounted on a land streamer that was Crew 89 @Jawn-Feb 2040
towed betwnd 8 rover.” :
Later in March 2010, anather crew collected a complete Gmal. = Acbive Seismic Gutviy L
Sk b el bt Jam 30 - Brinn and Luis 15574807
. ined, and sesmic a = " o
oM el pictin® of e SubaMTRcS Ervcins Scouted Ehe route up to Radio Ridae in the Snou and
either method alone can provide. kook, GPS waypoinks of the propestd survey We had te m»
deviake from the GPR Track 1 and 45 lines ko find &
The evalution of planaing experiments in this sequence Fatter surface for teoing the land streamer
ihstrates the utiity of bullding flexibility in missions. so o ]
that crews can madlfy subsequent experiments based on Feb 3 - Brian, Darrel, Luis 13074126 ™
el e ‘“sz“;zf‘h'flg“mfma:‘f“’ Houled seisumic equipwent up ko Zadio Lidge, staked out L
g 4 e the survey shot pomts and geophone pusiiius at 5-foot L
== imtervals for & A4S-meter total nowainal prefile. Tesk firsk Seismic Shot Gather

shot gather date set and moved geophont sortad to nert
position. Lagtop fell off the ATV and the ctherset commector -

About ﬂ‘D?_S Uas damaged Have ko retur to the Hab and fix it tomght

Feb b - Brian, Luis, Kifi ALHO-4E4S)
Lost daka from yesterday vhew ke computer drepped so have
ke start over, Conducted the ackive Seifmic furvey consisting

“This work was supported in part by the NASA
Spaceword Bound program.

GPR equipment provided by: |

The Mars Desert Research of & geophone spreads with AL geephonts at S-ft spacing on & .

Station (WORS) Isa siruated Bt Ui FHEratr, W ..seaj_:ﬁnaaeu.n-\e- a5 DhE foutce e Sy o

Mo maince st b for the Lk shots with 3x stacking at eack of the 47 shot Seismic equipment prowded by: !

remate Utah desert, Since it's Iocations acfoss the A0F-wmeter profie. vp analysis problewatic

founding In 2002, MDRS has bt MASK inversion shows Vs velosity prefile and the possible e et o

Hosiad over 500 Peoe on butied inverted chanwelt — mages/20™ analysis support provided by:
52 o e o 0 res and sesved s an F—

Frirmpenhietni it b fond - Other seismic survey advice provided by:

s s A, Fo of i K e Crew 92 @March 2040 Jim Hasbrouck (Hasbrouck Goophysics),
field explocation strategies, tools, technologies, and crew Rob Stewart (U, of Houston), Chris Gifford
sefection peotocals to help optimize the productive explo- Goal = Take new GPR tiack atomg full seismic profile MURAPL), anc! Drews Feustel (NASA).

ration of Mars by humans. J
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Special thanks to everyane on the MORS 83, 89,
and 92 Crews and to the Mars Society Mission
Suppart team of volunteers.

Mar 46 - Carel, Jon, Lindsay

Coltecked GPE Track 3 data S-N and Track U N-5 alony the
Same uaypoimts as the Crew B9 seismic profile. Track & data
is woisier thawm the Track 3 data but thews the same reflecters.

The teflectors setm to corelate to structure seen with the 1. CRUX GPR background:
stitmic Study. We used the neu uneeled GPE cark, and ik uas 3. 50m, o . [3006) TEEEAC Fper #1365,

mmuth Easiel than the old sied we pulled on Crew .mm“,,,.m" (2001} Geopiysics, 66 462-500
MASH tochrique:

- Pack, ot al, [1958) Gecplysic, 64: 900808,

s work previusly presented n part By:

- Shirc, et sl (2010) LPSE, Abmtract #2052

- Sickes, et a1 (2010) LPSC, Abstract #2697.
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we Found a concretion=rick deposit on the northern flark. of
Fissing Comel rear its intersechion with Radie Ridge. These
d:pus.a; are found in other Morfison Fotmation chanwel bils
ke area. Evidence that Fissing Camel i an mverted channel
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