Achieving And Sustaining Human

Exploration of Mars
The Fnuthf».Community Workshop (AM IV)

., ” Y‘b _—
e = u Harley Thronson (NASA GSFC)E

—— *-u.'!l

Dawd**Beaty (NASA JPL) Chris Carberry (Explore Mars Inc ),
B;ret Drake (Aerospace Corp) & Llndsay Haye (NA%& JPL)

D B¥.JPL WEBMASTER: This tontent has not been anroved Qf, i I\/IEPAG

NASA, JPL, or the Californid Institute of Techhology. This

sipeing made available for information purposes only, and any 23 February 2017
ppinions expressed hekein.do not necessarily state or-reflect those -

L, ‘or the California Institute of Technology. & = *F




Why Community Affording, Achieving, and Sustaining
Human Exploration of Mars workshops?

About a half decade ago, several professionals working mainly in industry on
scenarios for initial human exploration of Mars together recognized that, under
generally similar assumptions, there was a fair degree of similarity among these
scenarios.

Moreover, opportunities should be sought for greater community input into NASA'’s
own scenario-building for the future of human space flight.

A series of focused community workshops were considered to be effective to
assess these scenarios and involve the science community, including planetary
protection, with industry in furthering these scenarios.

Explore Mars, Inc. & the American Astronautical Society agreed to support them.

Four workshops to date each involve about sixty professional scientists, engineers,
technologists, and strategists from NASA, academia, aerospace corporations, the
National Academies, consulting organizations, and potential international partners.

Each workshop produced a series of presentations and reports briefed to NASA
leadership and other stakeholders and may be found at
http://www.exploremars.org/ [AM IV is in advanced draft form.]




Previous Three AM Community Workshops

AM | (December, 2013 at The
George Washington University)

Community-based critical
assessment of the claimed
affordability of several non-NASA
scenarios for initial human
missions to Mars.

AM 11 (October, 2014 at
The Keck Institute, Pasadena)

Community-based critical
assessment of updated non-NASA
scenarios for human exploration of
Mars. Introduced scientists and
priority science goals into scenarios.

AM 111 (December, 2015 at the
Space Policy Institute, GWU)

Integration of priority science goals
with increasingly detailed human
space flight scenarios: modify
science goals and/or elements of
human exploration. Included
planetary protection.
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Achieving & Sustaining Human Mars Exploration
December 2016 at DoubleTree Hotel, Monrovia

With substantial critically reviewed work supporting the contention that

initial human missions to Mars by the mid-2030s was affordable, our
workshop turned toward assessing achievability:

What major goals (i.e., “long poles”) must be achieved — and how —
before initial human missions.
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Nine “Long Poles” Assessed at AM IV

Mars System Reconnaissance (D. Beaty, C. Whetsel, et alia)
Aggregation/Refueling/Resupply (R. Davis et alia)
Transit Habitation and Laboratory (J. Baker et alia)
Entry, Descent, and Landing (J. Cassady et alia)
Surface Habitation and Laboratory (L. Hays, S. Hoffman, et alia)
Surface Power (R. Zucker, L. Mason, ét alia) .
Mars Ascent Vehicle (B. Drake, T. Polsgrove, et alia)
Human Health/Biomedicine (P. Norsk, G. Scott, et alia)

Sustainability (M. Craig et alia)



- Content of Each “Long Pole” Assessment

Major elements of the “long pole” (for a long-stay surface
mission) and key characteristics:

. Basic description: “sub-poles,” key technologies/capabilities
. Why this is a “long pole” and why does this need to be developed
. Why this is challenging and why this is achievable (with substantive

reasons: e.g., high TRL/SOA, advanced SOA, few or no “miracles”
required, scheduled demonstration or precursor activities)

Development plan(s) or options, if any, to make this achievable:
Milestones, investment strategy and priorities,

. Precursor and demonstration site(s), where is this being developed (US
aerospace, NASA, academia, internationals)
. Time to close “long pole,” including “sub-poles” and related “long poles”

. Creative alternatives, if any, for accelerating closing



MAJOR CONCLUSIONS (DRAFT vO0.8)

The estimated length of time to retire the long poles strongly suggests that a human mission to the
surface of Mars could be accomplished in the in early to mid-2030s with sufficient funding. That is,
engineering and technology is not the limiting factor.

A human orbital mission to Mars does not require retiring as many long poles to be closed and could
be attempted as early as 2026 or 2028. Such a mission could substantially inform subsequent

missions.

Entry, descent, and landing systems are the major long pole, requlrmg about 17 years to retire,
although are not a pre-requisite for orbital missions.

Robotic reconnaissance over the next two decades is an essential element of preparing for human
missions, as well as a source of priority science discoveries. :

The role of logistics support, supply nodes, refueling and aggregation needs to be studied in more
detail and could be enabling of sustained human missions.

There are significant interdependencies among the various habitation modules, transit and surface.
The value of modularity needs to be assessed as a priority.

Surface power looks very promising with the advent of small nuclear fission reactors.

Operations with astronauts on the lunar surface were not identified as offering value to initial human
missions to Mars.



ABBREVIATED EXAMPLE
AM 1V Long Pole 1. Mars System Reconnaissance in

Advance of Astronaut Missions (1)

The Long Pole

Certain datasets are needed to guide architecture and engineering design of a long-stay
mission to the Martian surface, which require reconnaissance activities at Mars,
specifically: Ground truth for resources, surface mapping, and linkage to orbital data;
knowledge of atmospheric dynamics; surface dust environment; health considerations
(toxicity, extant biological potential); mapping of “special regions” for potential forward
planetary protection/contamination concerns; demonstration of proof-of-concept
hardware systems (e.g., ISRU production) in the relevant environment interacting with
indigenous materials.

Major Elements of the Long Pole
* Biological, geochemical, and atmospheric reconnaissance to retire strategic knowledge
gaps
* |n-situ resource utilization, including
Reconnaissance to determine where minimally acceptable resources are located and
their attributes .
Development of technology needed to use those resources
* Reconnaissance to establish/optimize astronaut-enabled science program (now largely
complete)
* Landing site selection




ABBREVIATED EXAMPLE
AM 1V Long Pole 1. Mars System Reconnaissance In

Advance of Astronaut Missions (I1)

Primary challenge to closing long pole: Identify from orbit and characterize/demonstrate
resource extraction feasibility from surface sites with-adequate resource potential to
support long-term sustained exploration operations.

Secondary challenges to closing long pole: (1) Demonstration of ISRU and off-Earth
mining techniques and technologies. (2) Filling of other strategic knowledge gaps required
to enable design of the crew landing and surface systems.

Time to close long pole: 10-12 years: 6-8 years for orbital asset to identify sites and 4-6
years for surface ground truth from robotic precursor from landing site. This assumes
missions that enable analysis of returned samples, if needed (e.g. dust characteristics,
toxicity, particle size distribution, etc.), occur in parallel over similar time frame.




Mars Systerh Reconnéissance &'
Supporting Engineering Developments
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Length of recon periods is dependent on amount of data to be collected, data processing ﬂ"
capabilities onboard the spacecraft and/or lander, other users of Deep Space Network as well

as relay-transmission rates back to Earth. SAR and high resolution stereoscopic imaging are
heavy data generators



Next Steps

e Complete AM IV Report: “mid-March 2017

* Establish AM V planning team and priority goals: late autumn in
DC?
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AM 1V Ground Rules and Assumptions

As presented and assessed at AM 1V, there are a modest number (— 9) of
common elements among the handful of plausible scenarios for human Mars
exploration.

Early and focused technology investment, including precursors and
demonstration missions, is essential for the timescale adopted here.

Technical/engineering solutions exist for landing and long-duration operations
on the martian surface.

Partnerships (international, industrial, commercial, academic . . .) will be an
essential component of human Mars exploration. :

Research and development will continue on ISS at least through the mid-
2020s.

SLS and Orion will be available during the time period considered here, so will
not be assessed in depth in this workshop.

The budgets for space agencies will be approximately flat at least for the next
few years. Budget growth is possible in response to an international
commitment to travel to Mars.



