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Mars in an image from the Curiosity rover. Inset: scene from the movie “Mission to Mars,” Buena Vista Pictures

ending human explorers to Mars is an

idea that has seemed to many in the

space community as elusive as a mi-
rage on a red-hued desert planet, but it’s
something they've thought about for
decades. Indeed, rocket pioneer Wernher
von Braun advocated the idea in a Collier’s
magazine article in 1954, well before NASA
came into being.

For dyed-in-the-wool space exploration
advocates. there’s a sense that for far too
long we’'ve been on a path that’s led to
roadblocks, detours and dead ends. After
all, weren’t we promised Mars in earnest by
one vice president, Spiro Ag-
new — leader of the post
Apollo-11 Space Task Group —
and two president Bushes, only
to have such plans disappear
into the dustbin of history?

And let’s not forget that
four years ago in his Kennedy Space Cen-
ter space policy address, President Obama
asserted, “By the mid-2030s, I believe we
can send humans to orbit Mars and return
them safely to Earth. And a landing on
Mars will follow.” But of course that was in
the heady pre-sequestration days, when his
administration was proposing $6 billion in
new funding for NASA over five years —
with a big increase for technology devel-
opment — on top of the $1 billion in extra
stimulus funding the agency received in
2009. After the budget deal reached by
Congress and the president in December,
NASA has a fiscal year 2014 budget of
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$17.65 billion, roughly $1 billion lower
than its FY 2010 budget — not exactly a
good trajectory.

No plan, no funds, no ride
According to Scott Pace, director of George
Washington University’s Space Policy Insti-
tute, if NASA’s budget today had the same
purchasing power it had 20 years ago, it
would be around $24 billion. I asked Pace,
who is also former NASA associate admin-
istrator for program analysis and evaluation,
to judge the likelihood of a viable human
mission to the surface of Mars in the 2030s.
His response: “Absolute zero.
A mission doesn’t exist. There
is no plan, there is no funding,
there’s no near-term capability
in place. The political condi-
tions don’t exist for it. The
economic conditions don’t ex-
ist for it. T might as well be talking about
long-term plans for interstellar flight.”

Similarly skeptical is former NASA chief
historian Roger Launius, now associate di-
rector of collections and curatorial affairs at
the Smithsonian Institution’s National Air
and Space Museum. “My question for any-
one who thinks we should go off and send
a human mission to Mars is simply this:
What is the trigger mechanism, the set of
economic, political, social or whatever fac-
tors ... that would come together and cre-
ate an environment in which the appropri-
ate response to that challenge, whatever
that challenge might be, is a trip to Mars?”
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Edward Goldstein asked fellow Mars exploration advocates

about the near-term prospects for sending humans to the
Martian surface. Below are some of their responses, and a

discussion of current approaches to achieving the goal.

said Launius. “I don’t envision us finding
that trigger. So I don’t think it’s real...There
are enthusiasts, and that enthusiasm is real.
But they don’t have the size or the influ-
ence necessary to make a human mission
to Mars something that’s going on the na-
tional agenda.”

That said, there is work under way
now that I believe could lend itself to a
more optimistic view, that a little over two
decades from now, people around the
world will gather to watch a crystal-clear
live video feed and hear the historic words
transmitted about 10 minutes earlier from a
distance of at least 35 million miles: “Hous-
ton, Eberswalde Base here, the Millennium
Eagle has landed.” Eberswalde Crater pre-
serves a Martian river delta system and
could hold evidence of early life.

Technology gains — NASA and its con-
tractors are making significant progress on
critical elements for a human Mars mission
— the Multipurpose Crew Vehicle and SLS,
the Space Launch System. Moreover, re-
search onboard the International Space Sta-
tion is helping NASA understand the long-
term biomedical challenges of such
missions and is providing experience with
operating a complex environmental life
support system.

Planning continues — NASA is taking a
steady-as-she-goes attitude toward its De-
sign Reference Architecture 5.0, whose au-
thors modestly call it “a vision of a potential

approach for human Mars exploration.”
NASA Headquarters is considering sensible
refinements to the document, which pro-
vides a “common framework for future
planning of systems concepts, technology
development, and operational testing,” say
its authors. It is the fifth in a series the
agency began publishing in 1993 in at-
tempts to produce a plausible architecture
for human Mars exploration.

This document lays out scenarios for
three lengthy expeditions to the Martian
surface. In conjunction with the scientific
community, the paper pinpoints 58 possi-
ble landing targets. All are tied to learning
more about whether Mars at one time sus-
tained life, and about the planet’s geology,
subsurface and atmosphere.

Wise spending — Another reason for op-
timism is the agency’s investment in the 16
top technology priorities deemed critical by
the National Research Council for future
NASA missions, including several related to
interplanetary exploration. An area of sig-
nificant progress is cryogenic propellant
storage and transfer, says Michael Gazarik,
NASA’s associate administrator for space
technology. Another important area of in-
vestment, he says, is in high power solar
electric propulsion. “Those are the number
one and number two high-priority technol-
ogy areas for future exploration,” he says.
Being able to store and transfer cryogenic
fluids on orbit “is a real enabler, saving sig-
nificant mass for human or robotic explo-
ration,” says Gazarik. High-power solar
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In a 1954 Collier's magazine
article, rocket pioneer Wernher
von Braun advocated the idea
of sending human explorers
to Mars.



The Orion Multi-Purpose
Crew Vehicle undergoes
testing at Lockheed Martin.

NASA

electric propulsion is also “a very effi-
cient way to move cargo as we explore
the solar system,” he says.

On the question of forward mo-
mentum, Gazarik sees broader signs of
progress: “What we had in the past
were a lot of studies. We had probably
40 studies or so over the last 30 years
that have asked, ‘what are the technolo-
gies you need to get to Mars?” that all
say about the same thing... The differ-
ence we're making now in space tech is
[that] we’re working on them. We're
working on laser and optical communi-
cation. We're working on advanced en-

The Space Launch System
is still an artist’s rendering,
but it could someday send
a crew toward Mars.

try descent and landing. We need to
put more mass on the surface, as we can’t
go around exploring the universe in a
Mini-Cooper,” which is the size of the Cu-
riosity rover.

International support — The latest
Global Exploration Roadmap, released in
August by the International Space Explo-
ration Coordination Group — an informa-
tion exchange organization that includes
NASA — has become more Mars focused
and includes a single reference mission sce-
nario leading to exploration of the red
planet after 2030. In December, Mars explo-

“I think that something in the early
2030s is achievable with the budget
we have, if — and this is a big if —
we can get international partners to
come along and lay in other pieces
of the infrastructure.”

— James Crocker, Lockheed Martin Space Systems
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ration stakeholders from NASA and the
contractor community discussed human
missions to Mars at a meeting hosted by Ex-
plore Mars Inc. and the American Astronau-
tical Society at George Washington Univer-
sity. Their conclusion: With space agency
budgets that keep pace with inflation, inter-
national partnerships and alternative acqui-
sition and development methods — includ-
ing streamlined government oversight and
Skunk Works/Phantom Works-like struc-
tures — the “initial human missions to Mars
are affordable under reasonable assump-
tions and with sustained international polit-
ical support.”

Priceless opportunity — A final cause
for hope is that Mars itself is in a coopera-
tive mood. In 2033 and 2035, the planet’s
orbit relative to Earth is particularly favor-
able for minimum-energy trajectories, re-
ducing the fuel required for sending a mis-
sion into Martian orbit, to the surface of
Phobos or Deimos, or even to the planet’s
surface with spacecraft fueled by conven-
tional propellants. This window may also
occur during the “solar maximum” phase of
the 11-year solar magnetic field. This is
when the sun is at its most active state and
provides protection against galactic cosmic
rays, an insidious form of space radiation
that can cause cancer and nerve damage in
astronauts.

Also, because the 2033 and 2035
launch windows are unusually good ones,
leading to a relatively shorter transition time
to and from Mars — unlike in the Apollo era
—the stay time for crews near or on the sur-
face of Mars could be weeks to months.

Indeed, there is growing optimism that
NASA, with the support of international and
commercial partners, can make a human
Mars mission possible before the eightieth
anniversary of the space age. Also, private
sector ideas such as Mars One, Mars Direct
and Inspiration Mars are viewed favorably

Early artist's conception of Inspiration Mars capsule and
habitat module.
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by many traditional space community pro-
fessionals for stirring public interest about
Mars, and for potentially pointing the way
to new technological approaches or even
meeting their bold objectives. It's worth
noting, however, that NASA is not onboard
with billionaire Dennis Tito’s Inspiration
Mars plan for launching a mission to the
planet as early as 2017 using NASA’s new
Space Launch System.

In response to Tito’s plan, David
Weaver, NASA’s associate administrator for
public affairs, made this statement: “Inspi-
ration Mars’ proposed schedule is a signifi-
cant challenge due to life support systems,
space radiation response, habitats and the
human psychology of being in a small
spacecraft over 500 days. The agency is
willing to share technical and program-
matic expertise with Inspiration Mars, but
is unable to commit to sharing expenses
with them.” The Inspiration Mars team is
working on a revised plan for 2021 that
seeks to address the issues NASA raised,
and only time will tell if this new plan will
gain acceptance.

But for the long haul, NASA appears
committed to Mars, which “is today the ul-
timate destination in our solar system for
humans and...a priority for NASA,” said the
agency’s administrator, Charles Bolden, at
George Washington University’s Humans to
Mars Summit in May. “Our entire explo-
ration program is aligned to support this
goal.”

Mike Raftery, director of International
Space Station utilization and exploration for
Boeing, leads a team at his company exam-
ining Mars exploration architectures. “The
community is starting to believe that we
can make Mars happen, and that is a rela-
tively recent thing,” he says. Previously, the
thinking was that Mars is “really big and

hard and therefore too difficult and expen-
sive to attempt,” he says. But his experi-
ence with the ISS has given him a different
view. Getting to Mars “isn’t that much
harder than what we’ve already done for
ISS, with international cooperation and
cost-sharing.”

Raftery further argues the tonnage
needed for a human Mars mission will be
substantially lower than that required for
ISS assembly and logistics flights, depend-
ing on the architecture and in-space
propulsion technology used. The number
of unique payloads needed will also be
lower, he says.

The key to success, says Raftery, is to
have an “architecture that takes advantage
of the lessons learned from ISS and breaks
down the overall requirements for a mis-
sion into as few pieces as possible, with as
little revolutionary technology as possible.”

Raftery describes a potential mission
broken down into six basic elements: SLS
for crew and cargo launch; Orion for crew
return to Earth; a TransHab Module to carry
crews to orbit around Mars; solar electric
propulsion tugs to transfer cargo from high
Earth orbit or cis-lunar space to a Mars orbit
and/or the Martian surface; the Mars lander;
and the Mars ascent vehicle. A launch cam-
paign using an SLS or evolved SLS system
for a landing mission would require five to
seven launches for the crew — “if you don’t
push the technology too hard,” says Bret
Drake, principal editor of NASA’s Design
Reference Architecture 5.0 — with an addi-
tional four to seven launches needed to get
cargo to the Martian surface.

In Raftery’s view, nuclear electric
propulsion, while desirable for reducing
the transit time to Mars, should not be on
the critical path. Some eight years after the
Project Prometheus nuclear propulsion pro-
gram was cancelled, NASA planners are still
looking at this technology. However, it

Pressurized rovers would allow
the crew to explore beyond the
range permitted by their space
suits and work in a shirtsleeve
environment.

AEROSPACE AMERICA/MARCH 2014 41




Landing sites:

Jezero Crater (left), Eberswalde
Crater (middle),and Mangala
Valles (right) are among the
contenders.

‘Getting to Mars/ isn't that much harder
than what weve already done for ISS,
with international cooperation and

cost-sharing.”

— Mike Raftery, Boeing

would require a major, sustained funding
commitment to achieve engineering viabil-
ity and reliability in deep space. “Nuclear
thermal propulsion is one area, along with
efficient surface and spacecraft power...
where everyone can see tremendous bene-
fit,” says NASA’s Gazarik. “Given today’s
tough fiscal environment, and specifically
where [the] Space Technology [Mission Di-
rectorate] stands, it’s a tough one to go
push on in a very large way....We have
some moderate investments to keep nu-
clear systems alive.” At NASA Marshall, “we
simulate the nuclear part. And we are

working with the Department of Energy on
the thermal management part and the man-
agement and control of the system,” to
“move that forward as best we can” until
more resources become available.

Perhaps crucial to turning Mars visions into
reality is completing a viable near-term
stepping-stone plan once the SLS and
Orion are ready. James Crocker, vice presi-
dent and general manager of civil space at
Lockheed Martin Space Systems, says that
after those systems are available, the next
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step would be to develop a series of
manned flights. These would start in 2020
and “would allow us to continue develop-
ing the technology within the budget that
NASA has — this is pay as you go.” The se-
ries of steps would keep progressing, he
says, and would have “the ultimate goal of
getting to Mars as soon as we could and
within the budget we have. I think that
something in the early 2030s is achievable
with the budget we have, if —and this is a
big if —we can get international partners to
come along and lay in other pieces of the
infrastructure.” Whether it’s the Russians or
Europeans, he says, “Most spacefaring na-
tions are very interested in being part of
this journey.”

Adds Jason Crusan, director of NASA’s
advanced exploration systems division,
“Every time we fly a mission, whether it’s
human or robotic, we evaluate it by the
opportunity to increase the knowledge...
and reduce the gaps that we have [on get-
ting] from here to Mars.” The 5.0 architec-
ture is “pretty comprehensive in that re-
gard,” he says.

A major potential hurdle to overcome
is the issue of crew radiation exposure, a
concern that has already led to discussions
about whether NASA’s lifetime exposure
limits — which are 20 percent lower for
women than for men, because of greater
risk for some cancers — would constrain
flight opportunities for female astronauts.
To deal with the overall risk, Gazarik re-
ports the agency is in the early stages of
studying advanced materials and other
techniques for radiation shielding. And Cru-
san notes that NASA is looking at in-space
systems such as the Mars Science Lab and
Lunar Reconnaissance Orbiter for purposes
of “revalidating some of our data related to
plastics and their ability to absorb radiation
and provide radiation shielding.”

If a concerted effort to conduct a human
Mars mission does go forward, the potential
landing sites are intriguing. NASA’s 5.0 ar-
chitecture document discusses at length
sites such as Jezero Crater, where a standing
body of water existed during the Noachian

All photos from NASA

AEROSPACE AMERICA/MARCH 2014 43



Picking a landing site:

Data gathered by NASA's Mars
Atmosphere and Volatile Evolution
spacecraft, now on its way toward
Mars, is intended to help.

period, an early time in the planet’s history.
Another widely viewed target is Mangala
Valles, an outflow channel that saw massive
releases of water in the past and may con-
tain icy near-surface deposits.

James Garvin, who co-chaired the
NASA-chartered Human Exploration of
Mars Science Analysis Group and is chief
scientist at NASA Goddard Space Flight
Center, cautions that it would be premature
to select a landing site before additional in-
formation is gathered by the Mars Recon-
naissance Orbiter and by upcoming mis-
sions such as NASA’s Mars Atmosphere and
Volatile Evolution, the ESA/Russian Exo-
Mars and the NASA 2020 science rover mis-
sions. But he expresses a tentative prefer-
ence for visiting a place such as the
Eberswalde Crater, whose preserved river
delta system could hold biosignatures in its
rock record.

When asked if a human Mars mission
would be worth the expense from a scien-
tific standpoint, Garvin is emphatic: “Hu-
man flight systems would bring with them
greater capabilities for accessing new
places on Mars, and for returning ‘high-
graded’ samples of rocks, ices and even at-
mospheric gases for study here on Earth,”
he says. Human explorers — ideally aided
by robotic counterparts — would also accel-
erate the pace of discovery, “provided we
can optimize where they should go and
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what specific questions they should pursue
in earnest,” he says. Indeed, human explor-
ers “would enable progress that would oth-
erwise have required decades....I do not
think we have seen anything yet in terms of
what Mars has to offer about our solar sys-
tem, the prevalence of life and our role in
the universe,” says Garvin.

All the people T spoke with cite their
career-long commitment and passion about
the goal of getting humans to Mars. “I be-
lieve as a career NASA scientist with 28-plus
years of service...that Mars is the optimal
destination to give humanity the confidence
to know that some day we can escape our
precious Earth and go elsewhere, even in
these ‘pre-Warp’ civilization days,” said
Garvin in an e-mail. “Mars is the place, and
all we need is the dedication to make it our
cathedral to the stars.”

Lockheed Martin’s James Crocker sums
it up this way: “I know a young engineer,
who happened to be me, who graduated
just in time to get down to the Marshall
Space Flight Center for the very last Apollo
mission to the moon, Apollo. 17. And T was
hurrying to get through Georgia Tech in
four years, which was pretty challenging
even in those days, because I was afraid
they were going to get to Mars without me.
Little did T know that it would take a long
time for us to do that. 'm of the school that
[says] we just ought to get on with it.” A



