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James Carpenter — ESA rep. (European Space Agency)
Ryan Clegg-Watkins — Washington Unlver5|ty St. Lours (NGLSE Rep)
Jasper Halekas — ARTEMIS rep (Unlver5|ty of lowa)

Dana Hurley — Lunar Volatiles (Johns Hopkms Unlver5|ty Applled
Physics Lab) .

Kurt Klaus — Boeing & CAB Chair
Sam Lawrence — Vice-Chair (Arlzona State Unlver5|ty)

i :}.‘45_' v

Steve Mackwell — Community Liaison (Lunar & Planetary Instltute)
Clive R. Neal — Chair (University of Notre; Dame) ' '

Noah Petro LRO Rep and Secretary (NASA GSFC) o

Jeff PIeSC|a — Past. Chair (Johns Hopkms Unlver5|ty Applled Physrcs Lab)
Jerry Sanders - ISRU (NASA JSC)

Ex Officio ‘ - /i
Ben Bussey, NASA- HEOMD e |
Sarah Noble — NASA- SIVID

Greg Schmidt (SSERVI) .
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Kurt Klaus — Boeing ‘('Chai_r il

Clive Neal — LEAG Chair.

Sam Lawrence — LEAG Vice Chair

Dallas Beinhoff — Boeing

Dale Boucher — NORCAT .

Thomas Deidrich — Alrbus

Leslie Gertsch — Space Resources Roundtable
Mike Hawes — Lockheed Martin :

Susan Jason - - Surrey Satellite Technology lelted

Jim Keravala Shackleton Energy
Eric Reiners —aCaterplllar .
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Kevin Peterson — Astrobotlc CTO L
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Bruce Pittman — NASA Ames (Spac;me*'tal) )
Bob Richards — Moon Express ' 2
Kris Zacny — Honeybee Robgg;’ :

* Charter currently being drafted = =™




Lunar Exploratron Roadmap (LER)

3 Themes: Science, Feed Forward and
Sustainability.

The Lunar Exploration Roadmap, jointly
developed by engineers, planetary
scientists, and policymakers, is the
cohesive strategic plan for using the
Moon and its resources to enable the
exploration of all other destinations
within the solar system on a sustained
basis by leveraging incremental

and affordable investments in lunar
infrastructure.

Implementing the Roadmap will
preserve American leadership, engage
and inspire the public, open the space
frontier to the energy and vitality of
commercial enterprise, and enhance
international partnerships as well as
world security.
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www.|pi.usra.edu/leag

FOLLOW
THE ROADMAP

http:{fwww pi_usra.edu/leagfroadmap
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MOON

GATEWAY
TO THE SOLAR SYSTEM

PROGRESS 15 NOT A SHOT IN THE DARK,
BUT A SERIES OF LOGICAL STEPS.

— Robert H. Goddard
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OPEN THE GATEWAY TO THE SOLAR SYSTEM

SUSTAIN

A FOOTHOLD ON THE
NEXT FRONTIER

Use the Moon to learn how te live and work

productively off-planet for increasing periods,
enabling human settlement.

The Moon has abundant material and energy
- resources that can be usad to make ambitious

E solar system  explorstion more  cost-effective.

= Lunar resounces offer an enduring oppartunity for
* commerdal investment and economic growth.
Innovative public-private partnerships growing from

% initial government investment sustain infrastructure =5

. and create newspaoefal.g opportunity,

i =
DISCOVER
KNOWLEDGE ON A

_NEW WQRLD

Use the Moon for scientific research that
fundomental g about the
Moon, the solar system, and the universe.

= Asustasined program of lunar exploration will yield

significant scentific and technological advances.
The Moon retains a record of the formation,
evolution, and impact history of Earth and the
other terrestrial planets, as well as an otherwise
inaccessible record of the Sun's ewolution and

platform for observations of Earth, the Sum, and

history. The Moon provides a unique and stable

PIONEER

THE TRAIL TO
MARS AND BEYOND

Use the Moon to prepare for future missions
to Mars and other destinations beyond

The Moon is a convienent deep space test bed
thatcan be used to reduce cost and risk by testing

technologies, systems, and operations. This lunar =

_’.._E_ training ground enables sustained human space |
55 exploration beyond low Earth orbit. The Moon's
combination of radiation, hard vacuwm, and low

. Eravity provides a unique laboratory in which to

aspects of long-duration space travel.

study the physiological, biological, and biomedical =
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Lunar Exploration Analysis Group (LEAG)

The Lunar Exploration Analysis Group (LEAG) was established in 2004 to support NASA in
providing analysis of scientific, technical, commercial, and operational issues in support of lunar
exploration objectives and of their implications for lunar architecture planning and activity
priontization. The LEAG is a community-based, interdisciplinary forum. Membership and
participation in the LEAG consists of lunar and planetary scientists, life scientists, engineers,
technologists, human systems specialists, mission designers, managers, and cther
professionals drawn from the broad community of academia, industry, govemment, and the
commercial sector. Details of the purpose of LEAG and its constitution and activities can be
found under LEAG Terms of Reference. if you have interest in becoming a member of LEAG,
please fill out the LEAG Indication of Interest form.

Recent Meeting

Annual Meeting of the Lunar Exploration Analysie Group (LEAG)
October 20-22, 2015

Columbia, Maryland

+ Agenda and Presentations
+ Meating Findings

Destination Moon

The Value of Exploring the Moon

m
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Lunar Exploration Roadmap v.1-1

The Lunar Exploration Roadmap Version 1.1 is the first second version of a living document that
will be updated and further developed over time as more data becomes available from curment
missiong, as further analyses by LEAG Specific Action Teams impact the roadmap, and as other
relevant analyses are reported. Suggestions for revisions to the roadmap can be given to the
LEAG Chair, the LEAG Executive Secretary or via the e-mail address at the LEAG website.

The three themes described below are at various degrees of fidelity. The Science Theme has a
long heritage of study, including NRC studies, and represenis community consensus. The Feed
Forward Theme has been presented to the Mars Exploration Program Analysis Group and their
comments have been incorporated. It has also been presented to the Small Bodies Assessment
Group (SBAG). The Sustainability Theme is at the lowest fidelity, representing a small {but
growing) body of opinion and knowledge, and will requine further refinements.

Owerall the roadmap is intended to layout an integrated and sustainable plan for lunar
exploration that will allow NASA to transition from the Moon to small bodies to Mars (and
beyond) without abandoning the lunar assets built up using tax payer dollars. As such, the
roadmap will enable commercial develepment, through early identification of "commercial on
ramps”, that will create wealth and jobs to offzet the initial invesiment of the taxpayer. In
addition, the rcadmap will, with careful planning, enable internaticnal cooperation o expand our
soientific and economic spheres of influence while enabling an expansion of human and robotic
space exploration.

The draft of the Lunar Exploration Roadmap can be downloaded as a PDF document.
The Lunar Exploration Roadmap is also available as an Excel file.
This Excel file contains a number of different worksheets:

# The TGO/ worksheet containg everything that is in the PDF document.

= The OBJECTIVES worksheet containg just Objectives where all the investigations have
the same pricrity and time phasing, but the investigations are listed under the Objectives
when they have different priorities and time phasings;

The Timing & Priarities worksheet puts the list in the previous worksheet into Low,
Medium and High pricrity blocks against Early, Middle and Late stage exploration
phases.

The 2011 roadmapping effort had two objectives:
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Science (Sci) Theme: Pursue

scientific activities to address

fundamental questions about

the solar system, the universe,
and our place in them

Why should we go
back to the Moon?

Sustainability (Sust) Theme:
Extend Sustained Human
> Presence to the Moon to Enable
~ Eventual Settlement
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.\ ‘ -': JINVESTIGATIONS/ INITIATIVESI
Three ThemeS'

- Science (Sci)

= Community effort.
- Feed, Forward (FF)- Ghail LIVIﬂgdocument
- Sustalnablllty (Sust) At b

Sustalnablllty is the key:
- Don't abandon assets —gleverage them

- Commercial “on rampsf:;@rei’:defm’ed
- International coopel"atioﬂ‘{ cal
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Science Theme: F0ur Goals;

e Understand the formatlon evolutlon and current state of
the Moon;

e Use the Moon as a “witness pIaté”‘fdr solar system
evolution;

e Use the Moon as a pIatform for Astrophysmal
Heliophysical, and Earth Qbservmgvstudles

e Use the unique luna en‘vrfﬁm}ﬁe'nr - 35 research tool.
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THEMES . l GOALS . OBJECTIVES . INVESTIGATIONS/INITIATIVES
groate
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Feed Forward Theme Mars and Aster0|ds

Mars/Small Body Risk Reduction Value: How WeII do the
candidates address the key risk reductlon areas |dent|f|ed
through NASA's robotlc and human Mars/SmaII Body m|SS|on
planning studles | W, -

Lunar Platform Value Do candldates
leverage the unique attrlbutes of a Iunar | aa 3
program to achieve success — or — would &
other platforms be more. eﬁe}j"v > from a\;’fl 3
technical/cost perspective.




THEMES

http: //www lpl Usra: edu/Ieag/ro‘admap

:. }.

Sustainability Theme:

RN
OBJECTIVES i ’
Srae

INVESTIGATIONS/INITIATIVES

Sustained lunar activities are onIy p055|ble when they are
susta/nable through ongomg return of vaIue

Self-sustained settlement IS most defen5|ble when strongly
linked to science and feedlng fOrward to other destlnatlons
in the solar system ‘ A VL

The role of commerC|aI actlwty as an lndlspen5|ble aspect of
sustainability. e




 In Situ Resource Utlllzatlon (ISRU) B A\.W“‘ o

the game changer — produce fuel and e
consumables on the lunar surface to *M‘ij-\
enable human exploration of other
airless bodies and Matrs.

%

Use the Moon to explore the Solar ”’ -

Excavator

System due to the much reduced
“gravity well” and presence of
resources.

ISRU Field Test Hardware for Nov. 2008

Enables mternatlonal cooperation and
commercial participation (| e, jObS') In
space exploration by startlng at the

Moon with the goal to go much further.




Formulation of LER |mplementat|on strategy vra a phased
precursor program.

Phase 1: Lunar Resource Prospectlng

- Define composition, form, extent, envrronment and
acce55|b|I|ty/extractab|I|ty of the resource; e

Quantlfy regollth geotechnlcal propertles where the resource is
found : i g

- Abllrty to traverse several krlometers o
and target ' : :
resource- rrch
deposits for
future mrssrons

LEAG Lunar Explora Ipi.usra.edu/leag




Phase 2: Lunar Resource Mining.

- Feedstock acquisition and handling; . "«

- Resource extraction, refinement,
transport, and storage;

- Dust r'h-iltigatioln strategies.




Phase 3: Lunar Resource Productlon L Re e
- Large scale productlon establlshed prior to hUman return

The campaign requires build-up of mfrastructure at a S|te
deflned/characterlzed by initial prospectlng and mlnlng phases.

Production plant will provide consuma_bles to,Junar crews and

enable future refuelable landers and cis=lunar refueling depots.




zation and servicing of 15 Propellant depots in ayloa ybred reusable transportation 1/L.2 Gateway transportation node inar In-situ Resources Utilization Construction and

1 concert with International capability of current and frastruct yort fo ocation for propellant depot and produce rocket propellants sdvanced telescopes and other

and commercial providers Launch Vehicles and refueling of crew and c: [ Ic ion, access to and from the Lunar ing surface operations In-space asséts

or exploration beyond Low reusable In-space Transportation ] N surface

f—“l GEO

: g Gateway

5 Geosynchronous @ Earth/
| Earth : /" 4" Moon L1
Orbit ; e :

g 'ﬁh

9 Gt Solar Electric
b4 ’ Propulsion

Manned GEQ , //Q Robotic

Servicer f ’ Satellite
Servicer

T e

http://www.spudislunarresotirées€omiblog/after-the-vision-what-next/
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becomes a positive advantage making ) &
the Moon an enabling asset for Solar Phobos Deimos
System exploration and science.
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The Moon is an ena




