The following text is proposed to replace the curnet descrip-
tion of Goal IV in the document:

MEPAG (2008), Mars Scientific Goals, Objectivesydatigations, and Priorities:
2008, J.R. Johnson, ed., 37 p. white paper postpte®ber, 2008 by the
Mars Exploration Program Analysis Group (MEPAG) at
http://mepag.jpl.nasa.gov/reports/index.html.

Comments should be sent to Darlene Lim (darlene.lim@nasa.gov) and
Abhishek Tripathi (abhishek.b.tripathi@nasa.gov) by March 31, 2010.

The content of this draft has not been approved or adopted by, NASA, JPL, or the California In-
stitute of Technology. This document is being made available for review purposes only, and any
views and opinions expressed herein do not necessarily state or reflect those of NASA, JPL, or
the California Institute of Technology.
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V. GOAL: PREPARE FOR HUMAN EXPLORATION

Introduction

Goal IV refers to the use of robotic flight misssofto Mars) to prepare for the first human
missions (or set of missions) to Mars. Roboticsimiss serve as logical precursors to eventual
human exploration of space. Inthe same way tl@t.tnar Orbiters, Ranger and Surveyor
landers paved the way for the Apollo Moon landiragseries of robotic Mars Exploration
Program missions is charting the course for ther&utobotic-assisted human exploration of
Mars.

It is obvious that preparing for the human explomabf Mars will involve precursor activities in
several venues, including on Earth (e.g., in latosi@s, in computers, and in field analogs), in
low Earth orbit (including the International Sp&fation), and probably on nearby celestial
objects such as the Moon and asteroids. Althollgit@important, the scope of this document
is limited to precursor activity related to the Mdlight program. Connectivity between all of
this precursor activity needs to be maintained Isephy.

Also recommended to be maintained separatelyaslablogy demonstration roadmap which
may utilize the above venues, as well as Marsfjtgeprove critical technologies in a “flight-
like” environment. Demonstrating technologies r#seey to conduct a human mission to Mars
is a necessary part of the forward path and camobsidered complementary to the required
science data cited in this document..

After the first human mission (or set of human moiss) to Mars, many people believe that our
goal will evolve to achieving sustained human pnesson Mars. To give this a name, we refer
to this as Goal IV+ (see also Drake et al., 200®)te that some activities associated with Goal
IV (preparation for the first crewed mission) masoasupport Goal IV+. Although Goal IV+ is
a useful concept to help organize potential longgeathinking, it is so far in the future that it
does not affect the near term Mars flight priosfiand it is not discussed further in this
document.

History, this revision

The last major revision of Goal IV was in 2005¢las culmination of some concentrated
planning carried out in 2004-2005 that was laundhethe 2004 National Vision for Space
Exploration. Two parallel MEPAG study teams preglamajor reports (Beaty et al., 2005;
Hinners et al., 2005) that became the foundatiootl IV Objective A (a prioritized listing of
the investigations and measurements of Mars netedsafely and effectively carry out the first
human missin to Mars), and Goal IV Objective Bqadmap of the demonstrations of critical
technologies and establishment of martian infrastime as part of the build up to the first human
mission), respectively. More recently, a list agaion critical atmospheric measurements that
would reduce mission risk and enhance overall seieaturn that was previously carried in Goal
Il was added as Obijective C.

The 2010 revision of Goal 1V is based on analysisducted over a period of about four months
in 2009-2010 by Lim et al. (2010). It considersibl) new scientific and exploration data
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about Mars and (2) planning information relatethi® Design Reference Architecture (DRA) 5.0
document which was released in late 20009.

Objective A, which is organized into a prioritizkst of investigations, has been updated.
This structure is parallel to that of all of thgexttives in Goals I, 1, and .

Former Objective B has been removed, becauseditia good fit with the overall
structure and purpose of the MEPAG Goals Docum&he planning information
contained in former Objective B is critical, aga@nsists of an integrated roadmap of the
sequence of missions that establish the necessargdlogy and infrastructure that must
be present before the first human landing. Howeths roadmap is best maintained as a
separate document in order to give it greater Nisib For example, the content formerly
in Objective B was not something that could be qirEed in the same way that flight
investigations can—to first order, EVERYTHING omaadmap needs to be done and in
a certain order. We recommend establishing thaneesdditional living “sister”

document maintained by MEPAG. The periodic maiatee of this document will

allow consideration of specific target dates ay #helve with time, and connection to
specific NASA initiatives as they become available.

Former Objective C, which relates to a set of aphesic measurements, has been
merged into Investigation IVA-1B (“Determine theratspheric fluid variations from
ground to >90 km that affect Aerocapture, AerobmgkEDL and TAO including both
ambient conditions and dust storms”). There wasraecessary high degree of overlap
between the two, and this resolves a complicatidhe logical structure.

Priorities

Goal IV addresses issues that have relatively 8peuetrics related to increasing the safety,
decreasing the cost, and increasing the performainite first crewed mission to Mars. In this
respect, Goal IV differs significantly from Goal¢ll, all of which relate to answering scientific
guestions. Priorities among the multiple investdgass in Objective A were determined by first
assessing the impact of new (since the last reviglata relevant to each investigation, followed
by assessing the value of new precursor data ddaio<riteria:

1.

2.

Impact of new precursor data on mission design

e MISSION ENABLING: Data that engineers and designabsolutely need and
could not reasonably perform a human Mars missiathont (as bound by
physics)

e MAJOR: Data that would help greatly reduce costinmrease performance of
major elements of the architecture and help meetntost important mission
objectives

e SIGNIFICANT: Data that could reduce cost, increpseformance, help increase
science return, or prevent “over-engineering

Impact of new precursor data on risk reduction.
e LOSS OF CREW/ PUBLIC SAFETY
e LOSS OF MISSION
e LOSS OF MAJOR MISSION OBJECTIVE



MEPAG Science Goals, Objectives, Investigations, RBnorities: 2008

References

Beaty, D.W., Snook, K., Allen, C.C., Eppler, D.rkd, W.M., Heldmann, J., Metzger, P.,
Peach, L., Wagner, S.A., and Zeitlin, C., (2008h Analysis of the Precursor
Measurements of Mars Needed to Reduce the Ridgkedfitst Human Missions to Mars.
Unpublished white paper, 77 p, posted June 20GhdWars Exploration Program
Analysis Group (MEPAG) at http://mepag.jpl.nasa/geports/index.html.

Drake, B.G, editor, (2009). NASA/SP-209-566, MBesign Reference Architecture 5.0, 83p
document posted July, 2009 by the Mars ArchitecBieering Group at
http://www.nasa.gov/pdf/373665main_NASA-SP-2009-Haf

Hinners, N.W., Braun, R.D., Joosten, K.B., Kohlhasd., and Powell, R.W., (2005), Report of
the MEPAG Mars Human Precursor Science Steeringiii@chnology Demonstration
and Infrastructure Emplacement (TI) Sub-Group, 2dgeument posted July, 2005 by
the Mars Exploration Program Analysis Group (MEPAB)
http://mepag.jpl.nasa.gov/reports/index.html.

Lim, D., Tripathi, A.B., Beaty, D.W., Budney, C.elry, G., Eppler, D., Kass, D., Rice, J.,
Rogers, D., and Segura, T. (2010), A reevaluatidherobotic precursor objectives and
priorities related to preparation for the humanlesggion of Mars, 49 p. document
posted March, 2010 by the Mars Exploration Progfaralysis Group (MEPAG) at
http://mepag.jpl.nasa.gov/reports/index.html.

A. Objective. Obtain knowledge of Mars sufficientto design and implement a
human mission with acceptable cost, risk and perfenance.

Investigations #1A-1B are judged to be of indistisbable high priority.

1A. Investigation. Determine the aspects of the atmospheric state thaffect aerocapture,
EDL and launch from the surface of Mars. This inclides the variability on diurnal,
seasonal and inter-annual scales from ground to >80n in both ambient and various
dust storm conditions. The observations are to dactly support enginnering design and
also to assist in numerical model validation, espedly the confidence level of the tail of
dispersions (>99%).

Measurements:

a. Make long-term (> 5 martian year) observationshef global atmospheric temperature field
(both the climatology and the weather variabilitg} all local times from the surface to an
altitude >80 km. The global coverage needs obsensawith a vertical resolution 5 km as
well as observations with a horizontal resolutidn<ol0 km (the horizontal and vertical
resolutions do not need to be met by the same wdig@n). Occasional temperature or
density profiles with vertical resolutions < 1 kretWween the surface and 20 km are also
necessary (see “Assumptions” below).
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b. Make global measurements of the vertical profil@efosols (dust and water ice) at all local
times between the surface and >60 km with a vém@slution< 5 km. These observations
should include the optical properties, particleesiand number densities.

c. Monitor surface pressure in diverse locales oveltiple martian years to characterize the
seasonal cycle, the diurnal cycle (including tighenomena) and to quantify the weather
perturbations (especially due to dust storms). Séiected locations are designed to validate
global model extrapolations of surface pressurbée heasurements need to be continuous
with a full diurnal sampling rate > 0.1 Hz and agsion of 1F Pa [TBV]. Surface
meteorological packages (including temperaturefasarwinds and relative humidity) and
upward looking remote sounding instruments (hightic@ resolution temperature and
aerosol profiles below ~10 km) are necessary tiolas model boundary schemes.

d. Globally monitor the dust and aerosol activity, exsally large dust events, to create a long
term dust activity climatology (> 10 martian years)

Assumptions:
¢ We have not reached agreement on the minimum nuafil@@mospheric measurements

described above, but it would be prudent to inseminall Mars atmospheric flight
missions to extract required vehicle design andrenment information. Our current
understanding of the atmosphere comes primarily foobital measurements, a small
number of surface meteorology stations and a favy @nofiles. Each landed mission to
Mars has the potential to gather data that wowgdicantly improve our models of the
Martian atmosphere and its variability. It is tidesired that each opportunity be used to
its fullest potential to gather atmospheric datecéhstructing atmospheric dynamics
from tracking data is useful but insufficient. Peoly instrumenting entry vehicles would
be required.

1B. Investigation. Determine if the martian environments to be contated by humans are
free, to within acceptable risk standards, of biohaards that may have adverse effects on
the crew who may be directly exposed while on Marsand on other terrestrial species if
uncontained martian material is returned to Earth. Note that determining that a landing
site and associated operational scenario is suffesitly safe is not the same as proving that
life does not exist anywhere on Mars.

Measurements:

a. Determine if extant life is widely present in themian near-surface regolith, and if the air-
borne dust is a mechanism for its transport.fdfis present, assess whether it is a biohazard.
For both assessments, a preliminary desriptionhefrequired measurements is the tests
described in the MSR Draft Test Protocol (Rummedlgt2002). This test protocol will need
to be regularly updated in the future in resporsenstrumentation advances and better
understandings of Mars and of life itself.

b. Determine the distribution of martian special regigsee also Investigation IV-2E below), as
these may be “oases” for martian life. If theraidesire for a human mission to approach
one of these potential oases, either the missionldvoeed to be designed with special
protections, or the potential hazard would neeetassessed in advance.
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Assumptions:
e It is assumed that for a human mission to the amarsurface it will not be possible to

break the chain of contact with Mars on the refourney. Thus, uncontained martian
material would come back to the Earth’s biosphere.

e Furthermore, it is assumed that if a surface miskims EVA activity, the astronauts will
come into contact with uncontained martian matenidghe form of dust that enters their
habitation environment.

e While a confirmation of extant life in either theear-surface regolith or globally
circulating dust from in situ experiments wouldelik be deemed acceptable, by contrast
an acceptable negative identification of similapgerties could only be determined
through returned sample analysis.

e The samples needed to test for dust-borne biohszanad be collected from any site on
Mars that is subjected to wind-blown dust.

e At any site where dust from the atmosphere is degaben the surface, a regolith sample
collected from the upper surface would be sufficiginis not necessary to filter dust
from the atmosphere.

Rummel, J.D., Race, M.S., DeVincenzi, D.L., Scld,, Stabekis, P.D., Viso, M., and Acevedo, Réitprs. (2002) A Draft
Test Protocol for Detecting Possible Biohazardglamtian Samples Returned to Earth [NASA=CP-20-0281P], NASA Ames
Research Center, Moffett Field, CA.

Investigations #2A-2E are judged to be of indigtishable medium priority.

2A. Investigation. Characterize potential sources of water to supporn Situ Resource
Utilization (ISRU) for eventual human missions.

Measurements:

Hydrated minerals

a. High spatial resolution maps of mineral conpms and abundance. ISRU power estimates
depend on mineral composition because of the difteheating needs to extract water from each
mineral type.

b. High spatial resolution maps of physical prtipe of H-bearing materials. Mechanical
properties affect ISRU power estimates becausdfefent power needs to process rock, soil,
cemented soils, etc.

c. In-situ measurements at the landing site anémethe human mission: a) in-situ verification
of mineral volume abundance within the upper metehe surface, b) measurement of the
energy required to excavate/drill the H-bearingenat and ¢) measurement of the energy
required to extract water from the H-bearing materi

Subsurface ice

d. High spatial resolution maps of subsurfacediegth and concentration within the upper 2
meters of the surface.

e. In-situ measurements at the landing site ¢h@teethe human mission: a) in-situ verification
of ice volume abundance within the upper 2 metéthesurface, b) measurement of the energy
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required to excavate/drill the H-bearing materiad @) measurement of the energy required to
extract water from the H-bearing material.

Atmospheric H-bearing trace gases
f. Higher spatial resolution maps of H-beariracte gases within 2 meters of the surface.
g. Assessment of the temporal (annual, seasoail) dariability of these gases.

Additional Information:

Critical resources for DRA 5.0 are C, O, and H bath life support and ascent propellant. A keylérés the mass
and power of the equipment needed to acquire aodgss these three commodities from martian sowaapared
to simply delivering them from Earth. The presstate of knowledge from MGS, Mars Odyssey, MEXx,,MER
Phoenix and MRO are that H resources exist on Masifficient quantity for ISRU. However, the wstiending
of the vertical and spatial distribution and thencentration of H in these resources is not suffityeunderstood to
be included in the latest DRA. DRA 5.0 was struegdisuch that C and O would be obtained from thetiamar
atmosphere and hydrogen would delivered from Earth.

It has been determined that additional reconnaissaand characterization of H resources could prevédiough
information to include H resource utilization irfature version of the reference architecture. Besesof the
significant mass that could be saved, H-ISRU cbalek substantial impact on mission affordabilitgl @uration.

At this time it is not known where human explorato Mars may occur. However, a key implicatiothet
delivery of high-mass ISRU processing equipmeatdingle site on Mars would likely cause futuresioiss to
return to the same site. Returning to a single siay not be in line with mission objectives ansl tust be taken
into account.

For H-ISRU to be further considered and possibbonporated into a future version of the referenceh#ecture,
the preceding measurements of H resources are memted. These resource types were prioritizedcbaise
geological potential, ease of characterization, &ikdly latitudinal and/or planetary protection csmaints on the
mission. Note that subsurface liquid water andssuftace gas hydrates/clathrates were considergubéntial H
resources, however a) these theorized depositsatwaet been identified and b) their likely deptiseed ISRU
access capabilities. Thus no measurements of thesarce types are called for at this time.

Hydrogen resource types:

A. Hydrated minerals. Numerous deposits of hydratiécate and sulfate minerals have been idemtiia Mars
from spectroscopic measurements [e.g., Bibrind.2@05]. These deposits are attractive candidébe$SRU
because 1) they exist at the surface and ther¢iiaie spatial distributions are easy to constragmotely, 2) they
exist in a variety of locations across the globe #rerefore provide many choices for mission lagdiites, and 3)
the low activity of water in these minerals pre@sgblanetary protection issues. Limitations ors&xj
measurements include: 1) uncertainty of volume daooe within the upper meter of the surface, 2) aeailable
spatial resolution (~20 m/pixel) may not be suffitifor ISRU processing design, and 3) mechaniaggrties of
H-bearing materials are not sufficiently constraine

Measurements needed (deposits in equatorial regioa®f highest priority):

B. Subsurface ice. Hydrogen measured at higtulzgis by Mars Odyssey is likely in the form of stibsa ice
[Boynton et al., 2002; Feldman et al. 2002; Mitrota et al. 2002]. In addition, theoretical modptedict
subsurface ice in some mid-latitude regions, paféidy on poleward facing slopes [Aharonson and@ghofer,
2006]. Indeed, ice at northern latitudes as low4@$ has been detected in fresh craters using regblution
imaging and spectroscopy. Based on observed safftimrates and the color of these deposits, thadchought

to be nearly pure with <1% debris concentration [Bg et al. 2009]. Pure subsurface ice and otheréemented
soil were also detected by the Phoenix missiontfSetial., 2009]. Clearly subsurface ice deposits have ISRU po-
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tential, but are ranked lower than deposits of laged minerals because 1) low-latitude ice depasiscurrently
thought to exist only in glacial deposits that associated with high elevations and difficult topgany, 2). Mid-
latitude deposits have substantial overburden Wmild make mining difficult (and in some casesadse in areas
of difficult topography), and 3). Although highitate ices exists in flat-lying deposits at or nda surface, these
locations would cause severe thermal and other lprab for the mission.

C. Atmospheric H-bearing trace gases (such as metigas seeps and transient ground fogs of watélgvated
concentrations of transient methane have been wbdan specific regions of Mars, suggesting thesimagy of
methane gas seeps [Mumma et al., 2009]. At tleeifik landing site, ground-level water ice clouagsevobserved
to form via sublimation in the early morning hoarsd would dissipate during the day [Whiteway et2009].
These types of localized, elevated concentratibhsimve ISRU potential. These are ranked lowanthydrated
minerals and subsurface ice because 1) the coratmis are probably not high enough to satisfy mis$l needs
alone, and 2) they apparently only occur in limitedas and would therefore limit landing site clesic However,
clearly more observations are needed to substantiatrefute these claims and to evaluate their |1$Rténtial.
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2B. Investigation.Characterize in detail the ionizing radiation envionment at the martian
surface, distinguishing contributions from the enegetic charged particles that penetrate
the atmosphere, secondary neutrons produced in tr@mosphere, and secondary
charged particles and neutrons produced in the redih.

Measurements:

a. ldentify charged particles from hydrogen to idoy species and energy from 10 to 100

MeV/nuc, and by species above 100 MeV/nuc.
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b. Measurement of neutrons with directionality.eEyy range from ¥0 keV to_ 400 MeV.
c. Simultaneous with surface measurements, a detgwbuld be placed in orbit to measure
energy spectra in Solar Energetic Particle events.

2C. Investigation. Determine the possible toxic effects of martian d&t on humans.

Measurements:

a. Assay for chemicals with known toxic effect oanfans. Of particular importance are
oxidizing species (e.g., CrVI) associated with esized particles. May require a sample
returned to Earth as previous assays haven't beeciusive enough to retire risk.

b. Fully characterize soluble ion distributionsaggons that occur upon humidification and
released volatiles from a surface sample and sawpiptegolith from a depth as large as
might be affected by human surface operations.viBue robotic assays (Phoenix) haven't
been conclusive enough to significantly mitigatis tisk.

c. Analyze the shapes of martian dust grains wigraan size distribution (1 to 500 microns)
sufficient to assess their possible impact on hustdintissue (especially eyes and lungs).

2D. Investigation Assess atmospheric electricity conditions that nyaaffect TAO and
human occupation.

Measurements:

a. Measure the magnitude and dynamics of any quasel@ric fields that may be present in
the atmosphere as a result of dust transport @r gifocesses, with a dynamic range of 5
V/m-80 kV/m, with a resolutioV=1V, over a bandwidth of DC-10 Hz (measuremeng rat
=20 Hz)

b. Determine if higher frequency (AC) electric fieldse present between the surface and the
ionosphere, over a dynamic range of 10 uV/m — 10,\6ver the frequency band 10 Hz-200
MHz. Power levels in this band should be measutea minimum rate of 20 Hz and also
include time domain sampling capability.

c. Determine the electrical conductivity of the Mantiatmosphere, covering a range of at least
10™ to 10'° S/m, at a resolutioAS= 10% of the local ambient value.

d. Determine the electrical conductivity of the gropnteasuring at least 1S/m or more, at
a resolutiomsS of 10% of the local ambient value

e. Determine the charge on individual dust grains etpia value of 18’ C or greater, for
grains with a radius between 1-100

f. Combine the characterization of atmospheric elgtgrwith surface meteorological and dust
measurements to correlate electric forces and tagisative meteorological source for more
than 1 martian year, both in dust devils and laigst storms (i.e., may be combined with
objective 1A. c.)

2E. Investigation. Determine the martian environmental niches that wuld meet the
definition (as it is maintained by COSPAR) of “speial region*”. It is necessary to consider
both naturally occurring special regions, and thoseahat might be induced by the (human-
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related) missions envisioned. Evaluate the vulnepdity of any special regions identified to
terrestrial biological contamination, and the ratesand scales of the martian processes that
would allow for the potential transport of viable terrestrial organisms to these special
regions.

Measurements:

a. Map the distribution of naturally occurring surfesgecial regions as defined by COSPAR
(see note below). One key investigation strategghange detection.

b. Characterize the survivability at the martian stefaf terrestrial organisms that might be
delivered as part of a human landed campaign, dinadutheir response to oxidation, desicca-
tion, and radiation.

c. Map the distribution of trace gases, as an impocie to the potential distribution and cha-
racter of subsurface special regions that canndirbetly observed either from the surface
or from orbit.

d. Determine the distribution of near-surface ice ttmild become an induced special region
via a human mission. Orbital and landed measurtsmeay be required to characterize such
properties as thermal conductivity, structure, cosijon (soil probes, heat flow, electro-
magnetics, GPR).

*Note: A Special Region is defined as “a regionhivitwhich terrestrial organisms are likely to pragse, or a
region which is interpreted to have a high potelrftie the existence of extant martian life. A2010, no Spe-
cial Regions had definitively been identified, heeveas of this writing,HiRise has only covered 1% of the mar-
tian surface. It is presumed that the policy oftpating special regions from terrestrial contamioatwill con-

tinue into the era of human exploration.

Additional Information:

In the previous Goal IV document, a series of &rial based activities were proposed to meet itneestigation
objectives. As an example, it was suggested tlodeling experiments involving thermodynamics anolaggc
principles be applied to determine how organic matecommunicates from the surface into the sulzmaf To
remain consistent with other sections of this damutmwhich only suggest measurements that wilcafigure
flight opportunities to Mars, all of these previosisggestions have been removed in the 2010 Goabjective A4
details.

3. Investigation. Characterize the particulates that could be transprted to hardware and
infrastructure through the air (including both natu ral aeolian dust and other materials
that could be raised from the martian regolith by gound operations), and that could
affect engineering performance andn stu lifetime. Analytic fidelity sufficient to
establish credible engineering simulation labs andf performance prediction/design
codes on Earth is required.

Measurements

a. A complete analysis of regolith and surface iaedines (dust), consisting of shape and size
distribution, density, shear strength, ice conterd composition, mineralogy, electrical and
thermal conductivity, triboelectric and photoenassproperties, and chemistry (especially
chemistry of relevance to predicting corrosion i@, of samples of regolith from a depth as
large as might be affected by human surface opesati
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b. Repeat the above measurements at a second sliféerent geologic terrane. Note this is not
seen as a mandatory investigation/measurement.**
*Note: Significant data from MER (Opportunity and Spiat)d Phoenix has been obtained
on both the regolith and dust in response to theveldesired measurements.

Additional Information:
Three primary anthropogenic dust raising mechanigmader of increasing importance; astronaut waldj rover
wheels spinning up dust, and landing and take{fa$pacecraft.

The best means of control is to keep equipmentsexpio dust/granular materials separate from thimf areas of
the habitat. Airlocks or similar attached storageas are important in providing the space for man#nce of suits
and other equipment. The role of tightly sealedneaiors and covers to keep the dust out of theasdithe habitat
is key. This emphasis on isolating exposed maseigaimplemented by the elimination of dust thrazlganing,
vacuuming, mesh floors, etc. and strict enforceroéntaintenance procedures is seen as the primgpyaach to
dust management.

A secondary line of defense is to avoid disturlirggdust in the first place and preparing areas mghigigh traffic is
anticipated (e.g., around the habitat) so thatab and non-deteriorating surface could be maimedi. Materials
might be selected with dust-avoidance or dust cbeapabilities in mind, such as smooth surfaces materials
that are dust-repelling rather than dust-attracting

4. Investigation. Determine traction/cohesion in martian regolith (wth emphasis on
trafficability hazards, such as dust pockets and does) throughout planned landing sites;
where possible, feed findings into surface assetsign requirements.

Measurements:

a. Determine vertical variation ah situ regolith density within the upper 30 cm for rocky
areas, on dust dunes, and in dust pockets to withirg cn?.

d. Imaging of selected potential landing sites to isigfht resolution to detect hazards at the
scale of rovers.
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