AUTHENTICATED
U.S. GOVERNMENT
INFORMATION

GPO

NASA HUMAN SPACEFLIGHT PAST,
PRESENT, AND FUTURE:
WHERE DO WE GO FROM HERE?

HEARING

BEFORE THE

COMMITTEE ON SCIENCE, SPACE, AND
TECHNOLOGY
HOUSE OF REPRESENTATIVES

ONE HUNDRED TWELFTH CONGRESS

FIRST SESSION

THURSDAY, SEPTEMBER 22, 2011

Serial No. 112-038

Printed for the use of the Committee on Science, Space, and Technology

&

Available via the World Wide Web: http:/science.house.gov

U.S. GOVERNMENT PRINTING OFFICE
68-319PDF WASHINGTON : 2011

For sale by the Superintendent of Documents, U.S. Government Printing Office
Internet: bookstore.gpo.gov Phone: toll free (866) 512—-1800; DC area (202) 512—-1800
Fax: (202) 512-2104 Mail: Stop IDCC, Washington, DC 20402-0001



COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
HON. RALPH M. HALL, Texas, Chair

F. JAMES SENSENBRENNER, JR.,
Wisconsin

LAMAR S. SMITH, Texas

DANA ROHRABACHER, California

ROSCOE G. BARTLETT, Maryland

FRANK D. LUCAS, Oklahoma

JUDY BIGGERT, Illinois

W. TODD AKIN, Missouri

RANDY NEUGEBAUER, Texas

MICHAEL T. McCAUL, Texas

PAUL C. BROUN, Georgia

SANDY ADAMS, Florida

BENJAMIN QUAYLE, Arizona

CHARLES J. “CHUCK” FLEISCHMANN,
Tennessee

E. SCOTT RIGELL, Virginia

STEVEN M. PALAZZO, Mississippi

MO BROOKS, Alabama

ANDY HARRIS, Maryland

RANDY HULTGREN, Illinois

CHIP CRAVAACK, Minnesota

LARRY BUCSHON, Indiana

DAN BENISHEK, Michigan

VACANCY

EDDIE BERNICE JOHNSON, Texas

JERRY F. COSTELLO, Illinois
LYNN C. WOOLSEY, California
ZOE LOFGREN, California
BRAD MILLER, North Carolina
DANIEL LIPINSKI, Illinois
GABRIELLE GIFFORDS, Arizona
DONNA F. EDWARDS, Maryland
MARCIA L. FUDGE, Ohio

BEN R. LUJAN, New Mexico
PAUL D. TONKO, New York
JERRY McNERNEY, California
JOHN P. SARBANES, Maryland
TERRI A. SEWELL, Alabama
FREDERICA S. WILSON, Florida
HANSEN CLARKE, Michigan
VACANCY

1)



CONTENTS

Thursday, September 22, 2011

Page

WIENESS LISE  eeeiiiiiiieee ettt
Hearing CRarter .......ccooceeoiieiieeieeceeeiteete ettt ettt ettt et sbe e saeebeesabesaseennnas 3

Opening Statements

Statement by Representative Ralph M. Hall, Chairman, Committee on
Science, Space, and Technology, U.S. House of Representatives .................... 7
Written Statement .........cooccooiiiiiiiiii e 8

Statement by Representative Eddie Bernice Johnson, Ranking Minority Mem-

ber, Committee on Science, Space, and Technology, U.S. House of Rep-
TESENEATIVES  .eeiiiiiiiiieiieee ettt ettt et e e st e et e e et e e e et e et eeeanee 9
Written Statement ..ot 11

Prepared Statement by Representative Jerry F. Costello, Member, Committee
on Science, Space, and Technology, U.S. House of Representatives ................ 12

Witnesses:

Neil A. Armstrong, Commander, Apollo 11
Oral Statement ........ 14

Written Statement 17
Captain Eugene A. Cernan, USN (Ret.), Commander, Apollo 17

Oral Statement ..... 20

Written Statement . 23

Maria Zuber, E.A. Griswold Professor of Geophysics and Head of the Depart-
ment of Earth, Atmospheric and Planetary Sciences, Massachusetts Insti-
tute of Technology
Oral Statement ........ 27

Written Statement 28
Michael D. Griffin, Eminent Scholar and Professor, Mechanical and Aerospace
Engineering, University of Alabama in Huntsville
Oral Statement ........ 31
Written Statement ... 32
DiSCUSSION .eiiiiieiiiieet ettt et e e et e et e e st e e sbbaeeeabeeeas 36
Appendix 1: Answers to Post-Hearing Questions
Neil A. Armstrong, Commander, Apollo 11 .......ccccoeiiiiiiiiiiiniieieie e 64
Captain Eugene A. Cernan, USN (Ret.), Commander, Apollo 17 .......cc.ccccevvennes 66
Maria Zuber, E.A. Griswold Professor of Geophysics and Head of the Depart-
ment of Earth, Atmospheric and Planetary Sciences, Massachusetts Insti-
tute of TeChNOlOZY ...oooiieiieiiieiieee et 68
Michael D. Griffin, Eminent Scholar and Professor, Mechanical and Aerospace
Engineering, University of Alabama in Huntsville .........ccccooeiiiiiniiiniiinnnen. 70
Appendix 2: Additional Material for the Record
Letter to Mr. Neil Armstrong from SEDS, Students for the Exploration and
Development of Space, USA ...ttt e e 7



IAC paper by Dr. Michael Griffin



NASA HUMAN SPACEFLIGHT PAST, PRESENT,
AND FUTURE:
WHERE DO WE GO FROM HERE?

THURSDAY, SEPTEMBER 22, 2011

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
Washington, DC.

The Committee met, pursuant to call, at 10:10 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Ralph M. Hall
[Chairman of the Committee] presiding.

o))



RALPH M. HALL, TEXAS EDDIE BERNICE JOHNSON, TEXAS
CHAIRMAN RANKING MEMBER

U.5. HOUSE OF REPRESENTATIVES
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

2321 RAYBURN HOUSE OFFICE BUILDING
WASHINGTON, DC 20515-6301
{202} 225-6371
wiw.sciorice.Fouse 9oV
NASA Human Spacefiight Past, Present, and Future: Where Do We Go from Here?
Thursday, September 22, 2011
10:00 a.m.-12:00 p.m.
2318 Rayburn House Office Building

Witnesses

Mr. Neil A. Armstrong
Commander, Apolio 11

Captain Eugene A, Cernan USN {ret.}
Commander, Apolio 17

Dr. Maria Zuber
E.A. Griswold Professor of Geophysics and Head of the Department of Earth, Atmaospheric and Planetary
Sciences, Massachusetts Institute of Technology

Dr. Michae! D. Griffin
Eminent Scholar and Professor, Mechanical and Aerospace Engineering, University of Alabama in
Huntsville



3

HEARING CHARTER
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Purpose

The hearing will examine (1) the strategic goals and priorities of America’s human
space exploration program, (2) the importance of space access and demonstrated
leadership among space-faring nations, (3) the inspirational role of human and
robotic space exploration, and (4) the role of the Space Launch System and Multi-
Purpose Crew Vehicle and a healthy industrial base in achieving those goals. The
hearing draws on our Nation’s long history of space exploration to help frame chal-
lenges confronting our present human spaceflight position and explores paths for-
ward.

Witnesses

e Mr. Neil A. Armstrong, Commander, Apollo 11

e Captain Eugene A. Cernan USN (ret.), Commander, Apollo 17

e Dr. Maria Zuber, E.A. Griswold Professor of Geophysics and Head of the De-
partment of Earth, Atmospheric and Planetary Sciences, Massachusetts Insti-
tute of Technology

e Dr. Michael D. Griffin, Eminent Scholar and Professor, Mechanical and Aero-
space Engineering, University of Alabama in Huntsville

Overarching Issues and Questions

With the retirement of the Space Shuttle, America’s human spaceflight program
faces a transition. Congress, the Administration and industry are exploring paths
forward within current fiscal constraints. Coupled with that is the desire to take on
new challenges in deep space and keep ahead of other space faring nations who also
share ambitions for deep space missions.

As our Nation embarks on a new path forward, key questions remain: What are
the compelling reasons to pursue human space exploration? How is our stature as
a world power affected if the U.S. is not active on the human space frontier when
others are? What is the effect on our national security if the U.S. is no longer re-
garded as a preeminent world power? What destinations should be pursued, and has
NASA selected the right vehicle architecture for a successful program? Have the Ad-
ministration and Congress allotted the appropriate resources to accomplish our na-
tional objectives?

In 2009, the National Academy of Sciences Committee on the Rationale and Goals
of the U.S. Civil Space Program explored many of these broad issues and made the
following recommendations:

NASA should be on the leading edge of actively pursuing human spaceflight, to
extend the human experience into new frontiers, challenge technology, bring global
prestige, and excite the public’s imagination. These goals should be accomplished by:

e Setting challenging objectives that advance the frontier, scientific and techno-
logical understanding, and the state of the art;

e Establishing clear goals for each step in a sequence of human spaceflight mis-
sions beyond low Earth orbit that will develop techniques and hardware that
can be used in a next step further outward;

e Focusing use of the ISS on advancing capabilities for human space exploration;
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e Using human spaceflight to enhance the U.S. soft power leadership by inviting
emerging economic powers to join with us in human spaceflight adventures.

The hearing is an opportunity to consider a logical path forward for NASA, and
discuss next steps, destinations and capabilities, and the resources and policies
needed to achieve them.

Background

The Bush Administration and the NASA Authorization Acts of 2005 and 2008

In the aftermath of the Space Shuttle Columbia accident, the Bush Administra-
tion proposed a new vision for space exploration which would extend human capa-
bilities beyond low Earth orbit for the first time since 1972. In the NASA Authoriza-
tion Act of 2005 Congress directed NASA to “establish a program to develop a sus-
tained human presence on the Moon, including a robust precursor program, to pro-
mote exploration, science, commerce, and United States preeminence in space, and
as 03 stepping-stone to future exploration of Mars and other destinations.” [P.L. 109—

55

Subsequently, NASA created the Constellation program consisting of the Ares 1
rocket and Orion crew capsule, the Ares 5 heavy lift launcher, and the Altair lunar
lander. Constellation was designed to accommodate this stepping-stone approach,
and was Congressionally authorized by the NASA Authorization Act of 2008 “¢to en-
sure that activities in its lunar exploration program shall be designed and imple-
mented in a manner that gives strong consideration to how those activities might
also help meet the requirements of future activities beyond the Moon” and a range
of future destinations “to expand human and robotic presence into the solar system,
including the exploration and utilization of the Moon, near Earth asteroids,
Lagrangian points, and eventually Mars and its moons.” [P.L. 110-422]

The Obama Administration

Initially the Obama Administration retained the Congressionally authorized pol-
icy of returning Americans to the Moon, noting in NASA’s FY 2010 budget request
that “Funds freed from the Shuitle’s retirement will enable the Agency to support de-
velopment of systems to deliver people and cargo to the International Space Station
and the Moon,” and, “The Agency will create a new chapter of this legacy as it works
to return Americans to the Moon by 2020 as part of a robust human and robotic
space exploration program.” Yet in spite of these assertions, the Administration’s FY
2010 budget eliminated funding for the continued development of the Altair lunar
lander and the Ares 5 heavy-lift launch vehicle, and cut more than $3 billion from
NAS%’S five-year Exploration Systems budget (relative to the FY 2009 budget re-
quest).

Concurrent with the FY 2010 budget proposal, the Administration established an
independent review committee chaired by retired Lockheed Martin executive Nor-
man Augustine. The Review of Human Spaceflight Plans Committee delivered its
final report in October 2009 with the overarching conclusion that “Meaningful explo-
ration beyond low-Earth orbit is not viable under the FY 2010 budget guideline” but
that “Meaningful human exploration is possible under a less-constrained budget, in-
creasing annual expenditures by approximately $3 billion in real purchasing power
above the FY 2010 guidance.”

Despite the Augustine Committee’s finding that the FY 2010 budget profile was
insufficient for meaningful human space exploration, the next year the Administra-
tion reduced the FY 2011 Exploration Systems budget to $4.3 billion, which was
$1.8 billion below the FY 2010 runout plan.

Subsequently, in NASA’s FY 2011 budget request, the Administration proposed
canceling the Constellation program, claiming it was “érying to recreate the glories
of the past with the technologies of the past.” At a speech at the Kennedy Space Cen-
ter on April 15, 2010, the President said that with respect to the Moon, “the simple
fact is, we have been there before. There is a lot more of space to explore ... ” He
announced that the U.S. would send humans to an asteroid by 2025, followed by
a human mission to orbit Mars by the mid-2030s.

With the abrupt cancelation of Constellation, the Administration’s FY 2011 budg-
et sought to fund development of “commercial crew” transportation services (three
or four, according to NASA) and postpone construction of human exploration sys-
tems for at least five years. Instead the Administration proposed an exploration
technology development program and deferred any future launch vehicle decisions
until no earlier than 2015. Furthermore, the Administration seemed to exclude the
Moon as a future destination, but mentioned visiting an unidentified asteroid in
2025 and orbiting Mars in the mid-2030s.



5

Neither the Administration nor NASA provided Congress with any plans or pro-
grams to accomplish those goals. In fact, the funding available for human space ex-
ploration in the Administration’s FY 2011 budget request was essentially the same
as the FY 2010 budget that was deemed “not viable” by the Augustine committee
just months earlier.

If one compares the FY 2011 budget plan and outyear funding profile with that
of the Augustine committee’s “less constrained” budget, the Administration proposed
plan through 2025 (the date of the asteroid mission) is $47 billion less than what
the Augustine committee deemed necessary to make any exploration options viable.
As a result, after extensive review and debate, Congress in its 2010 NASA Author-
ization Act reversed the Administration’s approach and directed the agency to build
upon the capabilities of the Shuttle and Constellation programs and immediately
begin developing the SLS and MPCV. The SLS and MPCV were to continue devel-
oping the advanced human safety features of the Orion project, and be capable of
evolving into a heavy lift launch system that could eventually carry 130 tons to orbit
to enable human exploration beyond Earth orbit. Congress did not endeavor to de-
fine a full-up exploration program. Rather, the goal was to keep alive development
of critical hardware—the SLS and MPCV—that would enable NASA to undertake
an eventual deep space exploration program once a destination, schedule, and re-
sources had been agreed to.

The NASA Authorization Act of 2010 [P.L. 111-267]

Last year Congress passed the NASA Authorization Act of 2010, which was signed
by the President on October 11, 2010 [P.L. 111-267]. The Act provided policy guid-
ance and recommended funding levels for three years, and called for a National
Academy “review of the goals, core capabilities, and direction of human space flight,
using the goals set forth in the National Aeronautics and Space Act of 1958, the
NASA Authorization Act of 2005, and the NASA Authorization Act of 2008, the goals
set forth in this Act, and goals set forth in any existing statement of space policy
issued by the President.” The review 1s to be completed by next year.

Congress again reaffirmed the policy of the NASA Authorization Act of 2005 (42
U.S.C. 16761(a)), “that the United States shall maintain an uninterrupted capability
for human space flight and operations in low-Earth orbit, and beyond, as an essen-
tial instrument of national security and of the capacity to ensure continued United
%tateibparticipation and leadership in the exploration and utilization of space.”
[§201(b)]

Section 202 (a) stated that “The long-term goal of the human space flight and ex-
ploration efforts of NASA shall be to expand permanent human presence be-
yond low-Earth orbit and to do so, where practical, in a manner involving inter-
national partners.” Section 301(a)(1) stated, “The extension of the human presence
from low-Earth orbit to other regions of space beyond low-Earth orbit will enable
missions to the surface of the Moon and missions to deep space destinations such as
near-Earth asteroids and Mars.”

Section 2(9) of the NASA Authorization Act of 2010 states, “While commercial
transportation systems have the promise to contribute valuable services, it is in the
United States’ national interest to maintain a government operated space transpor-
tation system for crew and cargo delivery to space.”

As a result, $10.8 billion was authorized through FY 2013 for the continued de-
velopment of a Shuttle- and Constellation-derived heavy lift launch system (the
Space Launch System and Multipurpose Crew Vehicle) to enable human exploration
beyond low Earth orbit. NASA was directed to proceed immediately, and told to
modify existing Shuttle and Constellation contracts with the goal of making the sys-
tem operational by 2016, and ensure a national “capability to serve as a backup sys-
tem for supplying and supporting ISS cargo requirements or crew delivery require-
ments not otherwise met by available commercial or partner-supplied vehicles.”
[§302(c)(1)(D)]

Even though the Space Shuttle has been retired, the U.S. still has the responsi-
bility of providing crew transportation to the International Space Station for both
NASA and our international partners (other than the Russians). The importance of
ensuring the development of a national “backup” system has only grown with delays
in commercial cargo demonstration flights and the recent loss of the Russian
Progress vehicle on a Soyuz rocket.

Last Wednesday, September 14, 2011, the Administration and NASA announced
plans to build the Space Launch System (SLS). The SLS, together with the Orion
Multipurpose Crew Vehicle (MPCV), are intended to give NASA the capability to ex-
plore space beyond low-Earth orbit—a capability the U.S. has not had since 1972—
and provide access to the International Space Station if commercial entities or our
international partners cannot do the job.
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FY 2011 Full-Year Continuing Resolution

On April 15, 2011, a full-year Continuing Resolution established spending levels
for the balance of FY 2011. As noted in the table below, for the Space Launch Sys-
tem, amounts provided are slightly above authorized levels. Subsequently, on June
15, NASA provided Congress with an operating plan based on the Continuing Reso-
lution (FY 11 CR column below) and gave notice that “(A)dditional information on
NASA'’s progress in selecting an architecture and acquisition strategy will be pro-
vided to Congress in the Updated Report on MPCV and SLS in summer 2011.” As
noted earlier, NASA announced on September 14 that it was moving forward with
the development of the SLS.

NASA FY12 Budget Req - Space Launch System & Multi Purpose Crew Vehicle

{$ = miflion}
FYli FY12 FY13
Auth CR Auth Budg Regq CJS Appra* Auth Budg Req
Space Launch Sys 1.63% 1.786 2.650 1.690 1.885 2.640 **
Mulil Purpase Crew Veh 1.120 1.196 1.400 0.916 1.063 1.400 e
Total $2.751 $2.082 $4.050 $2.606 $3.048 $2.640  $2.501%*

*As approved by the CJS Subcommittee onJuly 7.
** Budget provided no breakout.

Recent FY 2012 Appropriation Activity

On July 7, the House Appropriations Subcommittee on Commerce, Justice,
Science, and Related Agencies reported a FY 2012 appropriations bill providing a
total of $3.65 billion for Exploration Systems that included the following provision:
“Provided, that not less than $1,063,000,000 shall be for the multipurpose crew vehi-
cle to continue existing vehicle development activities to meet the requirements de-
scribed in paragraph (a)(1) of section 303 of Public Law 111-267, and not less than
$1,985,000,000 shall be for the heavy lift launch vehicle system which shall have a
lift capability not less than 130 tons and which shall have an upper stage and other
core elements developed simultaneously.”

On September 15, the Senate Appropriations Subcommittee on Commerce, Jus-
tice, Science and Related Agencies reported a FY 2012 appropriations bill providing
a total of $3.775 billion for Exploration Systems, including $1.2 billion for the Orion
Multipurpose Crew vehicle, and $1.8 billion for the heavy lift launch Space Launch
System. The Committee provided specific direction into the development of the SLS
requiring initial human capability by 2017, the use of fixed-price contracts wherever
possible, and imposing a strict cost cap of $11,500,000,000 through fiscal year 2017.
Likewise, direction was provided for the Orion Multipurpose Crew Vehicle such that
it should be developed as an alternative access to low Earth orbit, including the ISS,
by fiscal year 2014, use fixed-price contracts wherever possible, and should be man-
aged under a strict cost cap of $5,500,000,000 through fiscal year 2017.
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Chairman HALL. All right. The Committee on Science, Space, and
Technology will come to order and say good morning to all of you
and welcome to this hearing entitled “NASA Human Spaceflight
Past, Present, and Future: Where Do We Go From Here?” In front
of you are packets containing the written testimony, biographies,
and truth-in-testimony disclosures for today’s witnesses. I recognize
myself for five minutes for an opening statement.

I would like to welcome everyone here today to discuss America’s
Human Space Exploration Program, and the vision, goals, re-
sources, hardware, and commitment that go into it. It is hard to
imagine a more qualified panel of witnesses with more personal in-
sight and pertinent experience than the ones we have here today.
I would like to sincerely thank all of you for taking the time out
of your very busy and important schedules to be here and share
with this Congress and this Committee your wisdom and your in-
sight that is gained through considerable and unbelievable first-
hand experience. We are truly honored to have you here.

NASA’s Human Space Exploration Program is fundamental to
the Agency’s mission and identity. It is synonymous with the image
of American leadership, all around the world. The Mercury, Gem-
ini, Apollo, and more recently, Space Shuttle and Space Station
programs have had a profound and lasting beneficial effect on our
country. They have defined NASA and the spirit and technological
prowess of America in the eyes of other nations that few of us in
this room can really appreciate. For an agency with a budget that
consumes less than 1/2 of one percent of federal spending, and
human space exploration is about 20 percent of that, NASA is re-
nowned at home and around the world as an American enterprise
whose feats no one has been able to duplicate. To be sure, Russia
was the first into space and the first to orbit a human, but after
that, no other country had the commitment, resources, technical
expertise, and capability to land men on the Moon or to fly a reus-
able fleet of spaceplanes.

And we are now at a crossroad. The 30-year-old Shuttle program
has been retired; the International Space Station is built; and for
the next several years, our country is without any domestic capa-
bility of getting American astronauts to and from our own space
station.

Last fall, after more than a year of protracted debate, the Admin-
istration and Congress came to an agreement allowing NASA to
proceed with its plan to seed development of a commercial launch
industry to take crew to and from low Earth orbit. But the central
tenet was agreement to build a Space Launch System and Multi-
purpose Crew Vehicle to ensure a future capability to take astro-
nauts into deep space. While Congress and the Administration con-
curred on these two initiatives, there continues to be differences
over resources and schedules that will guide these new programs,
and with respect to deep space, we still don’t have a destination,
which is an important consideration.

Last week, NASA announced plans to proceed with the develop-
ment of a new heavy lift launch system that will enable our deep
space program. Recently released proposals indicate just two flights
over the next 10 years. If NASA doesn’t move out quickly, more
and more of our industrial base, skilled engineers and technicians,
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and hard-won capabilities are at risk of withering away. America
needs leadership with a compelling vision, and the strength of com-
mitment, or bright young engineers about to enter our workforce
will likely look to disciplines other than aerospace if faced with
such a protracted development cycle.

I am also concerned that we need a viable backup system to ferry
astronauts to and from the International Space Station should com-
mercial crew launch companies not be able to deliver as hoped. It
is my sincere hope that NASA, commercial companies, and Con-
gress can work through challenging technical, legal, and regulatory
issues in the months and years ahead related to the commercial
crew model.

However, as the NASA Authorization Act of 2010 proscribed, we
must be ready to service the International Space Station if our
hopes of a commercial crew industry are not realized. And just as
important, the SLS and other programs begin the work of ensuring
that America has an ongoing long-term exploration program.

Today’s witnesses are among the best and the brightest in their
field. test pilots, astronauts, administrators, and scientists. Col-
lectively, their years of aerospace experience may even exceed my
age. I don’t know who wrote that part in there, which they are
fired. I am 88 and my kids tell me Papa, don’t you hate for people
to say you are 88?7 And I tell them that sounds better than don’t
he look natural? [laughter.] I want to thank them again for agree-
ing to testify, and I look forward to hearing the benefits of their
wisdom and their experience.

And T want to recognize Ms. Johnson for her opening statement.

[The prepared statement of Mr. Hall follows:]

PREPARED STATEMENT OF CHAIRMAN RALPH M. HALL

Good morning. I'd like to welcome everyone here for today’s hearing to discuss
America’s human space exploration program, and the vision, goals, resources, hard-
ware, and commitment that go into it. It is hard to imagine a more qualified panel
of witnesses with more personal insight and pertinent experience than the one
today. I'd like to sincerely thank all of you for taking time out of your busy sched-
ules to be here and share with this Committee and Congress your wisdom and your
insight, gained through considerable first-hand experience.

NASA’s human space exploration program is fundamental to the agency’s mission
and identity. And it is synonymous with the image of American leadership around
the world. The Mercury, Gemini, Apollo, and more recently, Space Shuttle and
Space Station programs have had a profound and lasting beneficial effect on our
country. They've largely defined NASA and the spirit and technological prowess of
America in the eyes of other nations that few of us in this room can fully appreciate.
For an agency with a budget that consumes less than one-half of one percent of fed-
eral spending—and human space exploration is about 20 percent of that—NASA is
renowned at home and around the world as a quintessential American enterprise
whose feats no one has been able to duplicate. To be sure, Russia was the first into
space and the first to orbit a human, but after that, no other country had had the
commitment, resources, technical expertise, and capability to land men on the Moon
or to fly a reusable fleet of spaceplanes.

We are now at a crossroad. The 30 year-old Shuttle program has been retired; the
International Space Station is built; and for the next several years our country is
without any domestic capability of getting American astronauts to and from space.

Last fall, after more than a year of protracted debate, the Administration and
Congress came to an agreement allowing NASA to proceed with its plan to seed de-
velopment of a commercial launch industry to take crew to and from low Earth
orbit. But the central tenet was agreement to build a Space Launch System and
Multipurpose Crew Vehicle to ensure a future capability to take astronauts into
deep space. While Congress and the Administration concurred on these two initia-
tives, there continue to be differences over resources and schedules that will guide



9

these new programs, and with respect to deep space, we still don’t have a destina-
tion, which is an important consideration.

Last week NASA announced plans to proceed with development of a new heavy
lift launch system that will enable our deep space program. Recently released pro-
posals indicate just two flights over the next 10 years. If NASA doesn’t move out
quickly, more and more of our industrial base, skilled engineers and technicians,
and hard-won capabilities are at risk of withering away. America needs leadership
with a compelling vision and the strength of commitment, or bright young engineers
about to enter our workforce will likely look to disciplines other than aerospace if
faced with such a protracted development cycle.

I am also concerned that we need a viable backup system to ferry astronauts to
and from the ISS should commercial crew launch companies not be able to deliver
as hoped. It is my sincere hope that NASA, commercial companies, and Congress
can work through challenging technical, legal, and regulatory issues in the months
and years ahead related to the nascent commercial crew model. However, as the
NASA Authorization Act of 2010 proscribed, we must be ready to service the ISS
if our hopes of a commercial crew industry are not realized. And just as importantly,
the SLS and MPCV programs begin the work of ensuring that America has an ongo-
ing long-term exploration program.

Today’s witnesses are among the best and the brightest in their respective fields;
test pilots, astronauts, administrators, and scientists. Collectively, their years of
aerospace experience may even exceed my age, which gives me no small comfort.
I want to thank them again for agreeing to testify, and I look forward to hearing
the benefit of their wisdom and experience.

Ms. JOHNSON. Thank you, Mr. Chairman.

Good morning. I want to join Chairman Hall in welcoming our
witnesses. Each of you brings a unique blend of experience, exper-
tise, and accomplishments to today’s hearing and I look forward to
your testimony. I would also like to take a moment to express my
appreciation to Mr. Armstrong and Mr. Cernan for their continued
service to the Nation. Their past service as astronauts including
commanding Apollo Moon-landing missions, is well known; but
what is not so well known is their willingness to continue to serve
this country, traveling to war zones and to nations around the
world as goodwill ambassadors for America, when they really could
be at home enjoying life. But they are giving more time to the
country. It shows the type of individuals they are.

I believe it also demonstrates that America’s Human Spaceflight
Program has always been about much more than simply building
rockets and space capsules and launching astronauts into space. It
is also about inspiring people, both young and old. It is about pro-
viding a peaceful and positive demonstration to nations around the
world of American technological preeminence. It is about devel-
oping cutting-edge technologies for our human space missions that
also benefit our citizens and create new jobs. It is about motivating
our young people to pursue careers in science and engineering by
providing them with a challenging future that is inherent to space
exploration. And it is about advancing our knowledge.

This is so important for our young people. And that is something
I think that we in Congress need to remember as we debate what
we want to do with our Nation’s human spaceflight program. We
sometimes forget that the American people are much less inter-
ested in what particular rocket NASA will be building than in why
we are investing in space exploration in the first place.

As I have always indicated, I think the benefits of investing in
human spaceflight are clear and compelling and ones that can jus-
tify making a sustained commitment to moving forward on our
next steps in exploration. Because that is what we should be talk-
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ing about—determining how much we are willing to commit on an
annual basis to maintain a credible and forward-looking Human
spaceflight and exploration program and not continually revisiting
the question of whether we should have one at all. Successive Con-
gresses and Presidents from both parties have already answered
that question in the affirmative. It is now time to move on.

That said, I know there will be some who will say the space race
is over, we won it more than 40 years ago. And supporters of
human space exploration are just captive to nostalgia. Well, I was
proud of what this country had accomplished in the Apollo pro-
gram, but I am not nostalgic about that time. Instead, I support
space exploration because it is about the future, not the past.

And I firmly believe we are in a new, equally demanding “space
race,” a race to inspire our young people to acquire the science and
engineering skills they will need to compete for the jobs of the fu-
ture, a race to develop the technologies that will not only help us
explore space but also strengthen our economy and improve our
quality of life back here on Earth, and a race to maintain our lead-
ership as a space-faring nation in the face of growing competitive
challenges by other nations.

There will also be those who will say it is time to get the govern-
ment out of space exploration. Let the private sector do it. Such a
statement ignores the fact that our Nation’s spaceflight program
and NASA in total represents one of the most effective public-pri-
vate partnerships in pursuit of challenging goals that this country
has never seen. The facts are clear. Almost 85 percent of NASA’s
budget already goes to the private sector to provide the hardware,
software, intellectual energy, and services that help NASA push
back the space frontier.

And, of course, there are those who will say that we should pause
our human spaceflight program until we have a clear exploration
policy so that NASA doesn’t wind up building a “rocket to no-
where.” As the Ranking Member of this authorizing Committee, I
would only note that three successive NASA Authorizations have
directed NASA to pursue a step-by-step program of exploration be-
yond low Earth orbit. So whether these are called step-by-step or
a flexible path exploration program, it is clear that Congress and
the President have already given the necessary policy direction.
The technical experts at NASA now need to be allowed to get on
with the task of developing the specific steps on that path that
make the most sense.

And finally, there will be those who will say, “Times are tough.
We can’t afford it right now.” I would respond that we cannot af-
ford not to pursue a meaningful human space program. The
amount of funding that will be cut will have no significant positive
impact on our fiscal situation, but it will result in the loss of tens
of thousands of good-paying jobs, skilled jobs in the aerospace in-
dustry. It will slow the development of advanced technologies that
could wind up creating new jobs in the future. It will forfeit Amer-
ican leadership in space and will inevitably lead some of our best
and brightest young minds to turn away from studying science and
engineering. I don’t think that makes sense, and I don’t think most
Americans will either if presented with the facts.
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Mr. Chairman, I have shared your frustration at the slow pace
with which NASA has been allowed to move on with the human
space program, authorized and funded by Congress. And I would
note that 16 months ago, the Committee held a similar hearing
with Mr. Armstrong and Captain Cernan. At that time, Congress-
woman Giffords, who was then Chairwoman of the Space and Aero-
nautics Subcommittee, voiced her concerns about the viability of
the Administration’s plans for NASA. Like our witnesses today, she
stressed the need for a clear vision, a commitment to consistent,
achievable goals, and budgets that are adequate for the task to be
undertaken.

Many of the issues raised by Congresswoman Giffords in the past
Congress are still relevant today as we look at this year’s budget
request for NASA. That said, I believe that the President’s an-
nouncement last week was a very positive step, and I look forward
to working with the Members of Congress and the President to
help ensure that the Nation can sustain a human spaceflight pro-
gram it can be proud of for decades to come.

Thank you, and I yield back.

[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF RANKING MEMBER EDDIE BERNICE JOHNSON

Good morning. I want to join Chairman Hall in welcoming our witnesses. Each
of you brings a unique blend of expertise and accomplishments to today’s hearing,
and I look forward to your testimony. I would also like to take a moment to express
my appreciation to Mr. Armstrong and Mr. Cernan for their continued service to
this Nation. Their past service as astronauts, including commanding Apollo
Moonlanding missions, is well known; what is not so well known is their willingness
to continue to serve this country, traveling to war zones and to nations around the
world as good-will ambassadors for America, when they could be at home enjoying
well-earned retirements.

It shows the type of individuals they are. However, it also demonstrates that
America’s human space flight program has always been about much more than sim-
ply building rockets and space capsules and launching astronauts into space. It is
also about inspiring people—both young and old; it is about providing a peaceful
and positive demonstration to nations around the world of American technological
preeminence; it is about developing cutting-edge technologies for our human space
missions that also benefit our citizens and create new jobs; it is about motivating
our young people to pursue careers in science and engineering by providing them
with the challenging future that is inherent to space exploration; and it is about ad-
vancing our knowledge.

That is something I think we in Congress need to remember as we debate what
we want to do with our Nation’s human space flight program. We sometimes forget
that the American people are much less interested in what particular rocket NASA
will be building than in why we are investing in space exploration in the first place.

As I have already indicated, I think that the benefits of investing in human space
flight are clear and compelling, and ones that can justify making a sustained com-
mitment to moving forward on our next steps in exploration. Because that is what
we should be talking about—determining how much we are willing to commit on
an annual basis to maintain a credible and forward-looking human space flight and
exploration program—and not continually revisiting the question of whether we
should have one at all. Successive Congresses and Presidents from both parties have
already answered that question in the affirmative—it’s now time to move on.

That said, I know that there will be some who will say: “The space race is over,
we won it more than 40 years ago, and supporters of human space exploration are
just captive to nostalgia.” Well, I was proud of what this country accomplished in
the Apollo program, but I'm not nostalgic for that time. Instead, I support space ex-
ploration because it is about the future, not the past.

And I firmly believe we are in a new, equally demanding “space race”—a race to
inspire our young people to acquire the science and engineering skills they will need
to compete for the jobs of the future; a race to develop the technologies that will
not only help us explore space but also strengthen our economy and improve our
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quality of life back here on Earth; and a race to maintain our leadership as a
spacefaring Nation in the face of growing competitive challenges by other nations.

There will also be those who will say: “It’s time to get the government out of space
exploration—Ilet the private sector do it.” Such a statement ignores the fact that our
human space flight program—and NASA in total—represents one of the most effec-
tive public-private partnerships in pursuit of challenging goals that this country has
ever seen. The facts are clear—almost 85% of NASA’s budget already goes to the
private sector to provide the hardware, software, intellectual energy, and services
that help NASA push back the space frontier.

And of course there are those who say that we should pause our human space
flight program until we have a clear exploration policy, so that NASA doesn’t wind
up building a “rocket to nowhere.” As the Ranking Member of this authorizing Com-
mittee, I would only note that three successive NASA Authorizations have directed
NASA to pursue a step-by-step program of exploration beyond low Earth orbit. So
whether it’s called “step-by-step” or a “flexible path” exploration program, it’s clear
that Congress and the President have already given the necessary policy direction.
The technical experts at NASA now need to be allowed to get on with the task of
developing the specific steps on that path that make the most sense.

Finally, there will be those who say: “Times are tough. We can’t afford it right
now.” I would respond that we can’t afford not to pursue a meaningful human space
flight program. The amount of funding that would be cut will have no significant
positive impact on our fiscal situation, but it will result in the loss of tens of thou-
sands of good-paying, skilled jobs in the aerospace sector; will slow the development
of advanced technologies that could wind up creating new jobs in the future; will
forfeit American leadership in space; and will inevitably lead some of our best and
brightest young minds to turn away from studying science and engineering. I don’t
think that makes sense, and I don’t think most Americans will either if presented
with the facts.

Mr. Chairman, I have shared your frustration at the slow pace with which NASA
has been allowed to move on with the human space flight program authorized and
funded by Congress. I would note that 16 months ago, this Committee held a similar
hearing with Mr. Armstrong and Capt. Cernan. At that time, Congresswoman Gif-
fords, who was then Chairwoman of the Space and Aeronautics Subcommittee,
voiced her concerns about the viability of the Administration’s plans for NASA. Like
our witnesses today, she stressed the need for a clear vision, a commitment to con-
siicent, achievable goals, and budgets that are adequate for the tasks to be under-
taken.

Many of the issues raised by Congresswoman Giffords in the last Congress are
still relevant as we look at this year’s budget request for NASA. That said, I believe
that the President’s announcement last week was a very positive step, and I look
forward to working with Members of Congress and the President to help ensure that
the Nation can sustain a human space flight program it can be proud of for decades
to come.

Thank you, and I yield back the balance of my time.

Chairman HALL. I thank the gentlelady from Texas, who yields
back.

If there are other Members who wish to submit additional open-
ing statements, your statements will be added to the record at this
point.

[The prepared statement of Mr. Costello follows:]

PREPARED STATEMENT OF REPRESENTATIVE JERRY F. COSTELLO

Mr. Chairman, thank you for holding today’s hearing to receive testimony on the
past, present, and future of the National Aeronautics and Space Administration’s
(NASA’s) human spaceflight programs.

I would like to personally thank Commander Armstrong and Captain Cernan for
their defining contributions to the U.S. space program, human spaceflight, and to
this Nation. The risks taken and rewards gained from Apollo stand as a testament
to the power of human spaceflight to inspire our Nation.

Sixteen months ago, this Committee held a similar hearing with Mr. Armstrong
and Capt. Cernan. At that time, Congresswoman Giffords, Chairwoman of the Space
and Aeronautics Subcommittee, voiced concern about the viability of the Adminis-
tration’s proposal and the need for budgets that matched the tasks to be under-
taken. In her words, you can’t do meaningful exploration “on the cheap.” She em-
phasized the need to keep safety paramount while ensuring that the U.S. not cede
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its leadership in space and retain an inspiring vision for exploration. Much has
changed since that hearing.

The 2010 Authorization Law directed NASA to develop a new government-owned
Space Launch System (SLS) and Multi-Purpose Crew Vehicle (MPCV) to explore
space beyond low-earth orbit (LEO); provide back-up capability to deliver crew and
cargo to the International Space Station (ISS); and preserve the critical skills of our
aerospace workforce.

Just over a week ago, NASA announced its final decision for the design of the
SLS, and I am pleased that the decision has been made so that we can move for-
ward. Congress needs to examine how the program will be implemented, including
the objectives and destinations for human exploration beyond low-Earth orbit.

The inspirational value of human space exploration cannot be underestimated. I
am interested in hearing about the potential objectives and destinations for human
space exploration that would best maximize the use of the MPCV and SLS while
continuing to inspire our Nation.

I welcome our panel of witnesses and look forward to your testimonies. Thank you
and I yield back the balance of my time.

Chairman HALL. And I ask unanimous consent that the gentle-
men from Texas, Mr. Culberson and Mr. Olson, and Mr. Posey, the
gentleman from Florida, be allowed to sit in on the Committee and
participate in the hearing. Hearing no objections, it is so ordered.

At this time, I would like to introduce our panel of witnesses.
And if I really fully introduced any of them, it would take me the
rest of the day, but we have narrowed it down to the height that
we absolutely have to introduce you. You all are introduced all the
time and the first one that I will introduce, Neil Armstrong, I read
the other day where his name is the most recognized name in the
world. And he says well, that is dangerous. And I asked him [in-
audible] what hotel he checked into, under the name John Smith.

But at this time I want to introduce this panel. Our first witness
is Mr. Neil Armstrong, world-renowned for his role as Commander
of the Apollo 11 mission, the first human to walk on the Moon. Mr.
Armstrong began his distinguished career as a naval aviator flying
combat missions over Korea. He spent 15 years at NASA, first as
an engineer and test pilot, probing the edge of space with an X-
15 when the Agency was known as the National Advisory Com-
mittee on Aeronautics. He also served as Command Pilot of Gemini
8 and Commander of Apollo 11. Subsequently, he served as a
NASA Deputy Associate Administrator for Aeronautics. Leaving
NASA, he taught at the University of Cincinnati and has served in
several corporate positions.

I want to welcome Mr. Armstrong. We are not only glad to have
you join us, we are honored to have you join us. And the blue book
on it is that you have five minutes, each of you, but I doubt seri-
ously if there is anybody here that could even take this gavel away
from me to gavel you down if you went a little over. So I recognize
you, Neil, at this time, and thank you again, personally and from
this entire body.

Our second witness is Captain Eugene A. Cernan. Gene Cernan
was a Commander of Apollo 17. He was a naval aviator. This is
kind of the day for naval aviators, I think. And after moving over
to NASA, he flew on three missions, including pilot of Gemini 9
and Commander of Apollo 17. He was the last man to walk on the
Moon so far. I don’t ever like to hear people say this is the last
vote, you know. If they say, “Is this the last vote of today,” that
is different. He continued his service at NASA in senior manage-
ment positions and played a prominent role in the Apollo-Soyuz
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Mission. He has won a number of distinctions and has worked in
the private sector since leaving the Navy and NASA.

Our third witness is Dr. Maria Zuber, E.A. Griswold Profession
of Geophysics at Massachusetts Institute of Technology. She has
participated in a number of NASA-sponsored science missions and
is currently the Principal Investigator for the GRAIL Mission that
launched just two weeks ago. Dr. Zuber also serves as a member
of the National Academy of Sciences and a Fellow of the American
Geophysical Union and the American Association for the Advance-
ment of Science. Dr. Zuber, it is good to have you appear before us
again.

Our final witness for today is Dr. Michael D. Griffin, former
NASA Administrator and currently Eminent Scholar and Professor
of Mechanical and Aeronautic Aerospace Engineering at the Uni-
versity of Alabama in Huntsville. Mike is well known to many of
us, having served as Administrator of NASA from 2005 to 2009,
and as head of the Applied Physics Laboratory at Johns Hopkins
University. Previously, he held a number of positions in industry
and government and he has earned more graduate degrees than
anyone I know. I would have to take off my shoes to count the
number that he has, including a Ph.D. in aerospace engineering.
And Mike, it is good to see you, and if it will help you any, Bart
Gordon, the former Chairman, highly recommended you to the
President, and he was consistent in not paying any attention to ei-
ther one of us. Very good to see you again.

I now recognize Captain Cernan to present his testimony. You
have written right here Eugene Cernan.

b Captain CERNAN. Good morning, Mr. Chairman, Ranking Mem-
er——

Chairman HALL. We want Mr. Armstrong and if you fool with
me, I will mention I will turn it over to Mr. Griffin here.

Captain CERNAN. I am accustomed to being last [laughter].

Chairman HALL. All right. And I am accustomed to making a few
mistakes up here. All right. Honored to have you, Neil. Go ahead.
Really. Go ahead and tell us what you want to do.

STATEMENT OF NEIL A. ARMSTRONG, COMMANDER OF
APOLLO 11

Mr. ARMSTRONG. Thank you, Mr. Chairman.

At the risk of offending the Ranking Member by talking about
the past, I was informed by a gentleman in Australia a couple of
months ago of an interesting film that had been created here in the
United States that I did not know about. And with your permis-
sion, sir, I would show this short film to you.

Chairman HALL. Permission is absolutely granted.

Mr. ARMSTRONG. Thank you, sir.

[Video.]

Mr. ARMSTRONG. This is a confluence of divergent times and dis-
ciplines. Forty-two years ago, Apollo 11 landed on the Moon, and
this image that you see in front of you shows the last 3—-1/2 min-
utes of what that trajectory looked like over the actual craters that
it flew. At the same time, a new technology appeared. This was
Google Earth. Some of you have observed your own house on
Google Earth. There was a version of this called Google Moon, and
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it allowed you to investigate the Moon on your own computer and
go where you would like to see.

A gentleman in Georgia, an astronomer by trade, took images
from our most recent lunar exploring satellite, the Lunar Recon-
naissance Orbiter, which was launched two years ago with very
good optics to completely map the surface of the Moon with high-
quality images with resolutions of 1/2 to 1 meter. The gentleman
took the images from the LRO, the Lunar Reconnaissance Ob-
server, and patched them together using Google Moon. Google
Moon allows you to take a perspective of the picture. This picture,
the image in front of you is a perspective, but all the images taken
by the satellite are vertical, straight down, so Google allows you to
take a vertical image and convert it to a perspective, as you see on
this image.

The gentleman patched together a myriad of images from dif-
ferent orbits of the LRO that passed over the trajectory of the Apol-
lo 11 descent and recreated the descent in a perspective mode.

The actual descent was 12—-1/2 minutes. This is the last 3-1/2
minutes. It starts about 3,000 feet in altitude and continues all the
way down to the surface. Let us go to the next slide, please. Okay,
stop. On the left side of the screen, you will see the image that was
taken by the 16mm movie camera located in a bracket in the right-
hand window of the lunar module Eagle. And it shows the picture
that has often been used by anyone who made films about what
happened on Apollo 11 and the lunar descent.

The right-hand picture is composed of images from LRO in the
last two years and recreated the descent. So you see in the right-
hand side of the picture an image that accurately reflects what the
crew, what we in the lunar module Eagle actually saw while we
were going down. So the picture on the left is a rectangle that is
skewed at 45 degrees roughly because that is the way it was
mounted in the window. And it is partly blocked by structure of the
lunar module. So it has a very limited field of view.

The picture on the right shows the same angular area covered
by the motion picture on the right. So you can compare the cra-
ters—the little crater on the left to the crater on the left—let us
see. That crater is the same as this crater here and that crater is
the one that is there. And you will be able to see those comparison
graters as you go down the trajectory all the way down to the sur-
ace.

Okay. So let us start the video. You will hear the sounds of my
copilot giving me numbers and you will hear ground control at
Houston responding to our actions. We are descending at a rate of
about 2,000 feet a minute. We had computer warnings rather fre-
quently but we were continuing to run on autopilot. The autopilot
is going to land us close to the rim of that large crater. I don’t want
to go there. It is a steep side so we are going over a field of large
boulders about the size of automobiles, not a good place to land at
all. Trying to fly about a mile further to the west and find a smooth
and level landing spot. It is more computer alarms but we are get-
ting used to those now. See a crater coming up now on the top of
the screen. It is about 30 meters across, about 100 feet, and that
is not good. It looks like some little spots beyond that that look
good. We are running low on fuel because we have extended our
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flight plan, our trajectory past the intended landing spot, but we
still have about a minute of fuel left, and we consider that to be
adequate.

That is a good-looking crater and I want to go back there and
have a look at that if I get a chance later. In fact, I think the land-
ing area is right ahead. It looks pretty good. There are little craters
in there but they look manageable, so we are turning down low to
the surface and starting to pick up a little dust at this point. You
can see that in the left-hand side. And of course, the satellite pic-
ture on the right from a few years ago doesn’t show that.

We are heading down very low to the surface; the moving dust
is increasing. There you see the shadow of our lunar landing leg
in the bottom of our spacecraft touching the surface.

What you see here, Mr. Chairman, is one of the actual vertical
pictures taken of the spot where we landed. And of course, what
you see is the descent stage of the Eagle that contains the rocket
engine that we will use for the descent, the fuel for that engine,
and the landing legs and some of our scientific equipment, which
we left behind on the Moon. So a view into history through the
views of modern technology.

Thank you, Mr. Chairman.

Chairman HALL. All of us up here hope you landed just now. I
won’t count that against your five minutes if you have anything
else you want to tell us.

Mr. ARMSTRONG. Thank you, sir.

Chairman Hall, Ranking Member Johnson, Members of the Com-
mittee, thank you so much for giving me the invitation and the op-
portunity to present my perspective on the state of the American
human space exploration efforts. This past year has been frus-
trating for NASA observers as they tried to understand NASA’s
plans and progress. The NASA leadership enthusiastically assured
the American people that the Agency was indeed embarking on an
exciting new age of discovery in the cosmos. But the realities of the
termination of the Shuttle program, the cancellation of existing
launching rocket and spacecraft programs, the layoffs of thousands
of aerospace workers, and the outlook for American space activity
throughout the next decade was difficult to reconcile with the
Agency assertions.

After this initial proposed cancellation of the Constellation Ares
launchers and Orion and Altair spacecraft early last year, this
Committee and other Representatives, Senators, and concerned
citizens worked diligently to find alternatives to the now missing
essential elements of the U.S. space strategy.

You were resolute in modifying the Administration’s proposed
five-year study of heavy lift rockets and changed to the immediate
initiation of its design and construction. And you observed the met-
amorphosis of the canceled Orion first into an ill-conceived Crew
Rescue Vehicle and thereafter into a potentially very useful Multi-
purpose Crew Vehicle. So, much has been accomplished. But
NASA, hobbled by cumbrous limitations, has been unable to articu-
late a master plan that excites the imagination and provides a
semblance of predictability to the aerospace industry.

We will have no American access to, nor return from, low Earth
orbit and the International Space Station for an unpredictable time
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in the future. For a country that has invested so much for so long
to achieve a leadership position in space exploration and exploi-
tation, this condition is viewed by many as lamentably embar-
rassing and unacceptable.

The severe reductions in space activity have caused substantial
erosion in many critical technical areas and are creating negative
economies of scale cost increases throughout the aerospace indus-
try. Most importantly, public policy must be guided by the recogni-
tion that we live in a technology-driven world where progress is
rapid and unstoppable. Our choices are to lead, try to keep up, or
get out of the way. A lead, however earnestly and expensively won,
once lost, is very difficult and expensive to regain.

The key to the success of American investment in space is a
clearly articulated plan and strategy supported by the Administra-
tion and the Congress and implemented with all the consistency
that the vagaries of the budget will allow. Such a program will mo-
tivate the young toward excellence, support a vital industry, and
earn the respect of the world.

Some significant progress has been achieved during the past
year. However, NASA, with insufficient resources, continues to try
to fulfill the directives of the Administration and the mandates of
the Congress, and the result is a fractious process that satisfies
neither. The absence of a comprehensive plan that is understood
and supported by government, industry, academia, and society as
a whole frustrates everyone. NASA itself, driven with conflicting
forces and the dashed hopes of canceled programs, must find ways
of restoring hope and confidence to a confused and disconsolate
workforce. The reality that there is no requirement for a NASA
spacecraft commander for the foreseeable future is obvious and
painful to all who have, justifiably, taken great pride in NASA’s
wondrous space flight achievements of the past half-century.

Winston Churchill famously stated, “Americans will always do
the right thing after they have exhausted all the alternatives.” And
in space fight, we are in the process of exhausting alternatives. I
am hopeful that in the near future we will be doing the right thing.

And I thank the Committee very much for giving me this oppor-
tunity to thank you for all you do to advance American spaceflight.

[The prepared statement of Mr. Armstrong follows:]

PREPARED STATEMENT OF NEIL A. ARMSTRONG,
COMMANDER, APOLLO 11

Chairman Hall, Ranking Member Johnson, Members of the Committee: Thank
you for giving me the opportunity to present my perspective on the state of the
American human space exploration efforts. You have provided questions on several
specific issues, and I am delighted to respond.

NASA Authorization Act of 2010

The past year has been frustrating to NASA observers, as they tried to under-
stand NASA’s plans and progress. The NASA leadership enthusiastically assured
the American people that the agency was embarking on an exciting new age of dis-
covery in the cosmos. But the realities of the termination of the Shuttle program,
the cancellation of existing rocket launcher and spacecraft programs, the layoffs of
thousands of aerospace workers, and the outlook for American space activity
throughout the next decade were difficult to reconcile with the agency assertions.

Despite the departures of significant NASA employees, observers knew that the
agency still contained many excellent engineers and analysts who would certainly
be working diligently to create useful plans and strategies.
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After the initial proposed cancellation of the Constellation Ares launchers and
Orion and Altair spacecraft, this committee and other Representatives, Senators,
and concerned citizens worked diligently to find alternatives for the now-missing es-
sential elements of the U.S. space strategy. You were instrumental in modifying the
administration’s proposed five-year study of a heavy lift rocket to the immediate ini-
tiation of its design and construction. And you observed the metamorphosis of the
canceled Orion first into a Crew Rescue vehicle and thereafter into the Multipurpose
Crew Vehicle.

So, much has been accomplished. But NASA, hobbled by cumbrous limitations,
has been unable to articulate a master plan that excites the imagination and pro-
vides a semblance of predictability to the aerospace industry.

We will have no American access to, and return from, low Earth orbit and the
International Space Station for an unpredictable length of time in the future. For
a country that has invested so much for so long to achieve a leadership position in
space exploration and exploitation, this condition is viewed by many as lamentably
embarrassing and unacceptable.

NASA, showing some increased flexibility, recently announced that they would as-
sist ATK in the development of the Liberty rocket, which they seemed to have ig-
nored some months ago. This might engender another possible provider of access to
low earth orbit and the International Space Station.

Goals and Priorities

There will always be things to do in Low Earth Orbit: Earth observation, imagery
and measurement programs, and others, both from the International Space Station
and from spacecraft in other orbital inclinations. And some of them can properly be
described as exploration. If and when America has available access to LEO, we will
be able to fulfill those opportunities.

The larger human exploration goals, however, lie beyond LEO: Luna, the lunar
Lagrangian points, Mars and its natural satellites, and Near Earth Objects includ-
ing meteoroids, comets, and asteroids. Last year I testified to this committee on the
rationale for selecting Luna and its environs as the preferred initial option for
America’s exploration beyond Earth orbit. All that I have learned in the past year
has just reinforced that opinion.

Predicting the future is inherently risky, but the proposed Space Launch System
(SLS) includes many proven and reliable components, which suggests that its devel-
opment could be relatively trouble free. If that proves to be so, it would bode well
for exploration.

Risks and Challenges for the Aerospace Industry

In order to get a comprehensive perspective on this issue, I asked a number of
senior industry leaders for their observations on the matter. This narrative is a com-
pilation of my thoughts and their responses.

The uncertainties associated with the radical changes in space plans and policies
of the last two years contributed to a substantial erosion of the United States’ his-
torically highly regarded space industrial base. Thousands of jobs have been lost,
and the space component of the industry is perceived as unstable, discouraging stu-
dents from considering preparing themselves for entry into this exciting but de-
manding career path.

The United States aerospace industry has long enjoyed the reputation of building
the best and most advanced aircraft in the world. Consequently, it is the number
one contributor to the nation’s balance of payments, providing over 50 billion dollars
in positive trade balance last year.

Aerospace industry jobs, characteristically, require high skill and provide rel-
atively high compensation. The Aircraft Industry Association reports Aerospace pro-
vides more than 600,000 skilled middle-class jobs and the industry supports more
than two million middle-class jobs and 30,000 suppliers from all 50 states. NASA
and its supporting contractors employ hundreds of thousands of highly skilled engi-
neers and technicians in 44 states

A substantial current and long-range threat is, and will be, the downward trend
in engineering degrees granted in this country and the substantial increase in such
graduates in other parts of the world. Equally disconcerting are the projections for
reductions in individuals grounded in science, technology, engineering, and mathe-
matics, the so-called STEM disciplines. The number of such individuals in other
countries is growing rapidly. They become the innovators and are largely respon-
sible for the increasing quantity and quality of new aircraft and spacecraft emerging
in foreign lands.
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U.S. passengers on regional jets fly almost exclusively foreign aircraft. In 2008
and 2009, over half of U.S. patents were awarded to overseas companies. More than
60 countries are investing in space. China has sent Taikonauts into orbit and tells
of their plans to fly to the Moon. India is planning human space flight. Cargo to
the International Space Station is flown on Russian, Japanese, or European craft.
Americans currently have no access to space on American rockets or in American
spacecraft.

The severe reductions in space activity such as the discontinuance of Space Shut-
tle operations, the cancellation of the Ares rockets, the end of the Minuteman refur-
bishment programs, the cancellation of the Altair spacecraft and the kinetic energy
interceptor, and slowdowns in a variety of related projects have caused substantial
erosion in many critical technology areas and are creating negative economies of
scale cost increases for both liquid and solid rocket producers.

Most importantly, public policy must be guided by the recognition that we live in
a technology-driven world where progress is rapid and unstoppable. Our choices are
to lead, to try to keep up, or to get out of the way. A lead, however earnestly and
expensively won, once lost, is nearly impossible to regain.

The key to the success of American investment in space exploration is a clearly
articulated plan and strategy supported by the Administration and the Congress
and implemented with all the consistency that the vagaries of the budget will allow.
Such a program will motivate the young toward excellence, support a vital industry,
and earn the respect of the world.

Observations and Recommendations

e (a) Above all else, a unified sense of purpose is a principal component necessary
for success. It must be more detailed than a vision (a mental image of what the
future will or could be like) but not so detailed that it cannot be modified when
circumstances dictate. In the Apollo program there was a goal (land a man on
the Moon and return him safely to Earth by the end of the decade) that was
easily understood by all but gave the participants a great deal of flexibility in
determining the preferred methods for its execution.

e (b) America cannot maintain a leadership position without human access to
space. After a half century in which American’s were being launched into Earth
orbit and beyond, Americans find themselves uncertain of when they can rea-
sonably expect our astronauts to travel to the International Space Station or
other off-the-Earth destinations in other than a foreign-built and commanded
spacecraft.

e  Proposals exist for continuing to fly the Space Shuttle under commercial con-
tract. Such proposals should be carefully evaluated prior to allowing them to
be rendered “not flightworthy” and their associated ground facilities to be de-
stroyed.

e NASA recently (apparently in a change from their previous position) an-
nounced that they were agreeable to assisting a contractor with their pro-
posed “Liberty rocket.” This is encouraging as it presents the possibility of
another contender for powering the Multipurpose Crew Vehicle or other
spagecraft to low Earth Orbit. This proposal should also be carefully evalu-
ated.

e (c) Last year, before this Committee, I briefly described the case for returning
to the Moon. During the intervening months, that case has become, if anything,
even more compelling. While visiting an asteroid has been discussed for many
decades and the value of reducing the threat of near-Earth objects colliding
with Earth is unquestioned, the potential value of returning to the Moon is sub-
stantially higher. For an informative analysis of the subject, see the Air and
Space Web site htip:/ /blogs.airspacemag.com /moon /.

e (d) Last week, NASA announced their proposal for the new heavy lift vehicle
that had been ordered by the Congress in the 2010 Authorization bill. Adminis-
trator Bolden announced:

e  “This launch vehicle decision is the culmination of a months-long, comprehen-
sive review of potential designs to ensure that the nation gets the best pos-
sible rocket for the investment—one that is not only powerful but is also
evolvable so it can be adapted to different missions as opportunities arise and
new technologies are developed. The rocket will use a liquid hydrogen and
liquid oxygen fuel system, where RS-25D/E engines will provide the core pro-
pulsion and the J2X engine is planned for use in the upper stage. There will
be a full and open competition to develop the boosters based on performance
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requirements. Its early flights will be capable of lifting 70-100 metric tons
before evolving to a lift capacity of 130 metric tons.”

This proposal appears to meet the intent of the Congressional mandate. It is not
a revolutionary proposal. The National Space Strategy of the mid-1980s outlined
plans to design and build a new expendable heavy booster with the ability to lift
136 metric tons into Earth orbit. In identifying the new rocket as being “evolvable
so it can be adapted to different missions as opportunities arise and new tech-
nologies are developed,” Administrator Bolden make an excellent point. The ability
to assemble various rocket stages into a variety of different configurations to meet
ever-changing needs is vitally important and often underappreciated.

The Atlas, Titan, Saturn, and Ares rocket families all were able to lift a wide
range of payload weights. The Atlas and Atlas Centaur delivered the Mercury Astro-
nauts and many satellites into orbit, the Surveyor to the lunar surface, Mariners
to a number of planets, the Viking to Mars, and probes to Jupiter and Saturn. The
Titan and Titan series carried the Gemini astronauts and Voyagers to Jupiter, Sat-
urn, and Uranus. The Saturn 1B and V carried the Apollo spacecraft to Earth orbit
and the Moon, the Skylab and the Apollo-Soyuz. The Ares series, although limited
to only one flight prior to cancellation, showed promise of wide versatility and, be-
cause of commonality in design, cost advantages in the larger rocket development
program.

As the future rocket family develops, commonality and compatibility characteris-
tics should be paramount in the design process.

Summary

In summary, some significant progress has been achieved during the past year.
However, NASA, with insufficient resources, continues to try to fulfill the directives
of the Administration and the mandates of the Congress. The result is a fractious
process that satisfies neither. The absence of a master plan that is understood and
supported by government, industry, academia and society as a whole frustrates ev-
eryone. NASA itself, riven by conflicting forces and the dashed hopes of canceled
programs, must find ways of restoring hope and confidence to a confused and discon-
solate work force. The reality that there is no flight requirement for a NASA pilot-
astronaut for the foreseeable future is obvious and painful to all who have, justifi-
ably, taken great pride in NASA’s wondrous space flight achievements during the
past half century.

Winston Churchill famously stated: “The Americans will always do the right thing
after they have exhausted all the alternatives.” In space fight, we are in the process
of exhausting alternatives. I am hopeful that in the near future, we will be doing
the right thing.

I thank the Committee for giving me this opportunity, and thank you for all you
do to advance American human space flight.

Chairman HALL. And we thank you very much, each one of us
up here. I can’t help but tell a story about the 25th anniversary
when you were invited to the White House by Mr. Clinton and he
left a chair open for you. He didn’t expect you there but you
showed up. And he was kidding you about not speaking. You got
the microphone, you walked over there, and you said the parrot is
the only bird in the world that can talk and speak and I can do
both. He handed it back to him. The crowd went wild. Thank you
again.

All right. At this time, we recognize—I am ready to recognize Eu-
gene Cernan to present his testimony. Gene, good to have you.

STATEMENT OF CAPTAIN EUGENE A. CERNAN, USN (RET.),
COMMANDER, APOLLO 17

Captain CERNAN. Thank you—to look at the past, if I may, be-
cause I believe it important to go back in time and retrace our path
through history to the day from which we were destined to become
the world’s leading space-faring nation. And as we now look to the
future, I consider the past extremely vital so as to fully understand
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what is required to become once again the unchallenged leader in
a world of space exploration.

And I can only assume, Mr. Chairman, you would give me the
same courtesy you gave Neil and not count my first paragraph or
two.

Chairman HALL. Are there objections? Chair hears none.

Captain CERNAN. Lest we forget, Mr. Chairman, it was a bold
and courageous President over a half-century ago who started us
on a journey to the stars, a journey from which America never
looked back, and a journey that challenged the American people at
every crossroad to do what most at the time thought impossible. It
was a challenge that came in what we remember as the “terrible
’60s,” a time when our Nation was shackled with civil strife, cam-
pus unrest, and the beginning of what became a very, very unpopu-
lar war. And perhaps foremost, it was a challenge to the then-So-
viet Union’s dominance in space. To meet that challenge required
all the dedication and personal commitment our Nation could mus-
ter. And it was not going to be easy, but hard, and did require sac-
rifice, just as John F. Kennedy said it would. However, being sec-
ond best was unacceptable then and being just good today is never
going to be good enough for the American people.

JFK did not just challenge us to go to the Moon. He believed it
was time to take a leading role in space, a role he thought might
well hold to the future of us, of our Nation on Earth. So we built
upon the uncertainty of Mercury, fabricated Gemini, the bridge to
Apollo, and then realized the dream of mankind for eons of time
when over 40 years ago we were able to call the Moon our home.

But we did not quit there. Before the end of Apollo in 1972, when
those “most recent steps were taken,” Skylab, man’s first orbiting
laboratory, was already ready to fly. The Space Shuttle, perhaps
the most capable flying machine ever designed, built, and flown by
man, was already on the drawing boards. And today the Inter-
national Space Station, the assembly of which may well go down
in history as man’s greatest engineering accomplishment of all
time, circles the globe some 14 times a day every day, all in keep-
ing with JFK’s challenge to go to the Moon “and do the other
things.”

Along the way, thousands of young Americans, who were in-
spired by what was happening around them, became doctors, engi-
neers, teachers, scientists, and even university Presidents, a “stim-
ulus” for education unparalleled in our history. The above con-
stituted a logical progression with the purpose of achieving and
then maintaining our position as the world’s leader in space explo-
ration. And with it came the development of technology which al-
lowed us to satisfy mankind’s insatiable quest for knowledge, all
that on that ocean on which we “set sail” a half-century ago.

For 50 years, Mr. Chairman, we were caught up in the inertia
of growth, where each day brought new revelations about the un-
known. Our curiosity was overwhelmed with more questions than
answers. However, today we are on a path of decay. We are seeing
the book closed on five decades of accomplishment as the leader in
human space exploration. As unimaginable as it seems, we have
now come full circle and ceded our leadership role in space back to
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the same country, albeit by a different name, that spurred our
challenge five decades ago.

What measures are needed to reverse this inertia of today?
Based upon history, the long-term solution appears obvious. One
only has to look back and learn from history to understand what
it will take to once again be the world’s leading space-faring nation.
We need an administration that believes in and understands the
importance of America’s commitment to regaining its preeminence
in space, an administration which will provide us with a leader
who will once again be bold, just as JFK was, and challenge our
people to do what history has now told us is possible. We must
have a forward-looking independent NASA who can advise the
President, manage far-reaching programs, and work with a bipar-
tisan Congress in moving forward with a space program that bene-
fits all Americans. And a NASA that realizes the importance of
looking back in history, learning from our mistakes and building
upon the successful culture of a government-private industry part-
nership that has endured throughout the life of our space program
developing safe and cost effective space exploration systems.

The short-term solution is far more complex in light of NASA
and the present Administration’s now obvious—obvious to me any-
way—agenda to dismantle a space program that has been five dec-
ades in the making. First on this agenda was to cancel Constella-
tion, a $10 billion investment five years in development. Embedded
in the Constellation architecture was the culture of a long-range
building block that could not only service the ISS, extend the life
of Hubble, provide national security, but additionally, would be ca-
pable of carrying us back to the Moon and on to Mars. To replace
Constellation was a “mission to nowhere” which had no near- or
long-term goals, timetable, specific destination, and no direction for
human spaceflight, and nowhere were there any specific plans for
a design and building of hardware should any part of this agenda
be overridden by Congress. Then came a decision to subsidize the
commercial space to “whatever extent it might take to make it suc-
cessful”—a program that appears to have little or no transparency
or NASA insight or oversight into existing problems or those that
past experience has told us will crop up in the future. My thoughts
on commercial space claims are well known. I stand behind my as-
sertion that it will be near the end of the decade before these new
entrants will be able to place a human safely and cost effectively
in Earth orbit.

Now we have the termination of the Space Shuttle with, until re-
cently, nothing on the Administration’s horizon to replace it. It
wasn’t but a few months ago that we had the most capable oper-
ationally proven launch vehicle far into the future giving us un-
precedented personal and payload access to low Earth orbit.

Additionally, the Shuttle had the potential of being the catalyst
for the assembly and return to Earth of deep space missions result-
ing in weight and performance advantages. Even if not in the fu-
ture plans to be the primary lift to low Earth orbit, the Shuttle cer-
tainly provided us with a versatile and redundant operational sys-
tem.

Isn’t it ironic, Mr. Chairman, that we find ourselves today with
no capability to access the ISS? I believe the Shuttle retirement to
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be a poorly thought-out and premature decision. I take no solace
in the failure of the last Soyuz booster, but if one examines the re-
cent letter from Dr. Christopher Kraft, the former head of the
Johnson Space Center, concerning a letter to the NASA Adminis-
trator concerning this and other problematic contingencies, serious
questions could be asked. This letter requested only that the deci-
sion on Shuttle retirement be reconsidered in light of the fact that
there was nothing to take its place for some indeterminate time in
the future.

Mr. Chairman, we stand here today at a crossroads. If we abdi-
cate our leadership in space today, not only is human spaceflight
and space exploration at risk, but I believe the future of this coun-
try and thus the future of our children and grandchildren as well.
Now is the time for wiser heads in the Congress of the United
States to prevail. Now is the time to override the Administration’s
pledge to mediocrity. Now is the time to be bold, innovative, and
wise in how we invest in the future of America. Now is the time
to reestablish our Nation’s commitment to excellence.

Mr. Chairman, Ms. Johnson, ladies and gentlemen, it is not just
about space. It is about the country. Thank you, sir.

[The prepared statement of Captain Cernan follows:]

PREPARED STATEMENT OF CAPTAIN EUGENE A. CERNAN, USN (RET.),
COMMANDER, APOLLO 17

Thank you, Chairman Hall, Ranking Member Johnson, and Members of the Com-
mittee for this opportunity to once again express my personal views and concerns
over the future of our Nation’s space program. In the short time we have available
here this morning, I will do my best to adequately address the questions in your
letter of invitation.

The Past

Because the theme of this hearing is “Spaceflight—Past, Present and Fu-
ture,” and because as you, Mr. Chairman, suggested that there are some on this
Committee who might well be a generation or more removed from Apollo, I choose
first to address the past because I believe it important to go back in time and re-
trace our path through history to the day from which we were destined to become
the world’s leading space-faring Nation. As we now look to the future, I consider
the past vital so as to fully understand what it required to become the unchallenged
leader in the world of space exploration.

Lest we forget, Mr. Chairman, it was a bold and courageous President over a half
century ago who started us on a journey to the stars—a journey from which America
would never look back —and a journey that challenged the American people at
every crossroad to do what most thought couldn’t be done. It was a challenge that
came in the “terrible ’60s,” at a time when our Nation was shackled by civil strife,
campus unrest, and the beginning of what became a very unpopular war—and per-
haps foremost, it was a challenge to the then-Soviet Union’s dominance in space.
To meet that challenge required all the dedication and personal commitment our
Nation could muster. And, it was not going to be easy but hard and did require sac-
rifice, just as John F. Kennedy said it would. However, being second best was unac-
ceptable then and being just good today is never going to be good enough for the
American people.

JFK did not just challenge us to go to the Moon—he believed it was time to take
a leading role in space—a role he thought might well hold the key to our future
on Earth. So we built upon the uncertainty of Mercury, fabricated Gemini, the
bridge to Apollo, and then realized the dream of mankind for eons of time when over
40 years ago we were able to call the Moon our home.

But we did not quit there—before the end of Apollo in 1972, Skylab—man’s first
orbiting laboratory—was ready to fly; the Space Shuttle, perhaps the most capable
flying machine ever designed, built, and flown by man, was already on the drawing
boards; and today the International Space Station, the assembly of which may well



24

go down in history as man’s greatest engineering accomplishment of all time, circles
the globe 16 times every day—all in keeping with JFK’s challenge to go to the Moon
“and do the other things.” Along the way, thousands of young Americans, who, in-
spired by what was happening around them, became doctors, engineers, teachers,
scientists, and even university presidents—a “stimulus” for education unparalleled
in our history. The above constituted a logical progression with the purpose of
achieving and then maintaining our position as the world’s leading space-faring na-
tion. And with it came the development of technology which allowed us to satisfy
mankind’s insatiable quest for knowledge—all on that ocean on which we “set sail”
a half century ago. For 50 years, Mr. Chairman, we were caught up in the inertia
of growth, where each day brought new revelations about the unknown—our curi-
osity was overwhelmed with more questions than answers.

The Present

However, today we are on a path of decay. We are seeing the book closed on five
decades of accomplishments as the world’s leading space-faring nation. As unimagi-
nable as it seems, we have now come full circle and ceded our leadership role in
space back to the same country, albeit with a different name, that spurred our chal-
lenge five decades ago.

What measures are needed to reverse this inertia of decay? Based upon history
the long-term solution appears obvious. One only has to look back and learn from
history to understand what it will take to once again be the world’s leading space-
faring nation. We eventually need an administration that believes in and under-
stands the importance of America’s commitment to regaining its preeminence in
space. An administration which will provide us with a leader who will once again
be bold and challenge our people to do what history has now told us is possible. We
must have a forward-looking, independent NASA which can advise the President,
manage far-reaching programs, and work with a bi-partisan Congress in moving for-
ward with a space program that benefits all Americans. And a NASA that realizes
the importance of looking back in history—learning from our mistakes and building
upon the successful culture of a government-private industry partnership that has
endured throughout the life of our space program developing safe and cost-effective
space exploration systems.

The short-term solution is more complex in light of NASA and the present Admin-
istration’s now-obvious agenda to dismantle a space program that has been five dec-
ades in the making. First on this agenda was to cancel Constellation—a $10 billion
investment five years in development. Embedded in the Constellation architecture
was the culture of a long-range building block that could not only service the ISS,
extend the life of Hubble, provide national security, but additionally would be capa-
ble of carrying us back to the Moon and on to Mars. To replace Constellation was
a “mission to nowhere” which had no near- or long-term goals, time table, specific
destination, and no direction for Human Space flight—and nowhere were there any
specific plans for the design and building of hardware should any part of this agen-
da be overridden by Congress. Then came a decision to subsidize the commercial
sector to “whatever extent it might take to make it successful”—a program that ap-
pears to have little or no transparency or NASA insight or oversight into existing
problems or those that past experience has told us will crop up in the future. My
thoughts on the commercial space claims are well-known. I stand behind my asser-
tion that it will be near the end of the decade before these new entrants will be
able to place a human safely and cost effectively in Earth orbit.

Now we have the termination of the Space Shuttle with, until recently, nothing
on the Administration’s horizon to replace it. It wasn’t but a few months ago we
had the most capable operationally proven launch vehicle available far into the fu-
ture giving us unprecedented personal and payload access to low Earth orbit. Addi-
tionally, the Shuttle had the potential of being the catalyst for the assembly and
return to Earth for deep space missions resulting in weight and performance advan-
tages. Even if not in future plans to be the primary lift to LEO, the Shuttle cer-
tainly provided us with a versatile and redundant operational system. Isn’t it ironic
that we find ourselves today with no, zero, capability to access the ISS? I believe
the Shuttle retirement to be a poorly thought out and premature decision. I take
no solace in the failure of the last Soyuz booster, but if one examines the recent
letter from Dr. Chris Kraft to Charlie Bolden concerning this and other problematic
contingencies, serious questions could be asked. This letter requested only that the
decision on Shuttle retirement be reconsidered in light of the fact that there was
nothing to take its place for some indeterminate time in the future. I find it ex-
tremely disrespectful that, to my knowledge, Dr. Kraft has never to this date re-
ceived a response to his personal letter.
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Space Launch System (SLS)

Of record is the NASA Authorization Act of 2010 in which the plans were outlined
to build a heavy lift vehicle with Congressionally appropriated and authorized re-
quired funding. Several independent cost assessments as well as NASA itself
verified that the program was technically and financially feasible as planned. Until
this past week, NASA had continued to disregard, ignore, and flout the law and the
mandate of the Congress while continuing to pursue its own agenda of disabling our
Nation’s space program. It had become obvious that NASA as directed by the Ad-
ministration has had no interest in following the law and the mandate of Congress
in the development of a heavy lift launch vehicle.

It is only now after mandates, requests, investigations, a subpoena, and a stinging
rebuke of the Administration by two very prominent Senators that NASA has re-
treated on its delaying tactics to move forward with the development of a Space
Launch System (SLS). This is certainly good news forced upon the Administration
by concerned and wiser members of Congress, but this decision could well leave us
hostage to Russia for access to the ISS for some time to come. Is it possible that
the Administration’s delay tactics in committing to the SLS somehow have their ori-
gin in the delays anticipated in commercial space’s development of the capability to
put a human in LEO in the foreseeable future?? My assessment of NASA’s progress
in the development of a heavy lift launch system to enable exploration beyond Earth
orbit, as well as provide a capability to service the ISS should a commercial market
entrant or our international partners become unavailable, is that it has been decep-
tive, inadequate and to date non-productive.

The Future

Should the development of the SLS go forward as mandated by Congress along
with the Orion Spacecraft as just announced by the Administration, I believe we
will have the best and perhaps only opportunity within reach to narrow the gap that
now exists between the final Shuttle flight and America’s capability to regain access
to Earth orbit and the ISS. Access to low Earth orbit should be our primary objec-
tive in any plans in the evolutionary development of a new versatile lift vehicle with
future deep space missions as a follow-on. This, I understand, is the mandate from
Congress. Although it is the intent that the “full up” SLS give us the capability of
designing a variable set of missions, I firmly believe that the time for a well-
thought-out long-term initiative for our Nation’s role in space, with or without the
SLS System, is long overdue. The “Mission to Somewhere” logically points to the
Moon, thereby building the foundation for a voyage to Mars. Unfortunately, it might
well be a generation or more before the U.S. once again exerts its influence in Space
Exploration beyond Earth orbit. “If we don’t know where we are going, we might
end up where we are headed.” Nevertheless, since we have apparently decided to
relegate the final Shuttle to a place in history, it becomes even more imperative that
we move forward quickly and confidently on a LEO derivative of the SLS that can
satisfy our urgent near-term requirements to access low Earth orbit.

Risks and Challenges

As a consequence of the cancellation of Constellation, the termination of the Space
Shuttle, and NASA’s continued unwillingness to accede to Congressional mandates,
thus causing unnecessary delays over the past two and one-half years, the risks and
challenges to NASA and the aerospace community are numerous. My immediate
concerns are the deterioration of our technological base, the lack of stability of the
NASA budget when considering the present state of the economy, the absence of the
Administration’s commitment to cooperate with Congress and forge an ambitious
program, the question of continued bi-partisan Congressional support, and perhaps
the most important risk with lasting effect, is the loss and dismemberment of our
skilled workforce.

As a result of these factors, uncertainty and instability abound. Among the thou-
sands of highly educated workers with unique skills developed over generations,
once we lose the older, wiser, mature and experienced folks to retirement, who spent
in some cases over five decades learning “what they didn’t know they didn’t know,”
along with those inspired and enthusiastic young minds of today’s generation to
other endeavors, inertia takes hold of the downward trend and it 1s difficult, costly
and near impossible to reverse. And those young high school and college students
whose dreams were to take their generation back to the Moon and beyond are now
questioning their plans to seek studies in science, engineering and math in the fu-
ture. And for those fortunate few still at work within NASA or its contracting team,
without a goal or mission, their future is bleak. Under this cloud of uncertainty,
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most are seeking stability for themselves and their families by going elsewhere with
their talents. I believe therein is the ongoing risk and challenge this country faces
in any potential future development of human space systems. It’'s important to re-
member that “technology makes it possible, but people make it happen.”

Testimony of May 26, 2010

Very little if anything has changed my assessment of the Administration’s space
policy since my testimony before this Committee over a year ago. I recounted the
words of my colleagues and myself in describing the Administration’s plan for the
future of Space Exploration—“Devastating,” “Slide to mediocrity,” “Third-rate stat-
ure,” “Mission to nowhere.” Although with the SLS System we will provide the foun-
dation for designing “missions to somewhere”—they have yet to be defined. So today
I stand behind my testimony and convictions of 16 months ago. Nowhere did I find
then, nor do I find today, one penny in the FY 2011 budget proposal in support of
Space Exploration. Although I do believe and hope that someday they will succeed,
I still assess that those entrepreneurs in the world of commercial space who con-
tinue their claims of being able to put humans in space in little more than three
years for something less than $5 billion, today still “don’t yet know what they don’t
know.” My statement that “the sole reliance on the Commercial Sector without a
concurrent or back-up approach could very well lead to the abandonment of our
$100 billion, 25-year investment in the ISS” is now more prophetic than ever.

“The space program has never been an entitlement, it’s an investment in the fu-
ture—an investment in technology, jobs, international respect and geopolitical lead-
ership and, perhaps most importantly, in the inspiration and education of our youth.
Those best and brightest minds at NASA and throughout the multitudes of private
contractors, large and small, did not join the team to design windmills or redesign
gas pedals, but to live their dreams of once again taking us where no man has gone
before. If this Administration’s agenda continues to override the mandates of Con-
gress, these technicians, engineers, scientists, a generation removed from Apollo, yet
re-inspired by the prospect of going back to the Moon and on to Mars, will be gone—
where I don’t know—but gone.” Sixteen months later, the absence of a well-defined
NASA program has already resulted in the loss of thousands of jobs throughout the
aerospace industry.

“America’s human space flight program has for a half century risen above par-
tisan differences from Eisenhower to Kennedy to the present day. The challenges
and accomplishments of the past were those of a nation—never of a political party
or of any individual agenda.” Proven to be true today by the overwhelming Congres-
sional support and mandates to NASA in support of future space developments.

“We are at a crossroad. If we abdicate our leadership in space today, not only is
human spaceflight and space exploration at risk, but I believe the future of this
country and thus the future of our children and grandchildren as well. Now is the
time for wiser heads in the Congress of the United States to prevail. Now is the
time to overrule this Administration’s pledge to mediocrity. Now is the time to be
bold, innovative and wise in how we invest in the future of America. Now is the
time to re-establish our nation’s commitment to excellence.”

Mr. Chairman, Ladies and Gentlemen—it’s not about space—it’s about the
country.

Thank you for your time and patience.

Sincerely, and with respect,
Eugene A. Cernan,
Commander, Apollo XVII

Chairman HALL. Thank you very much. Pay no attention to the
empty chairs here because we are at a time now when all of us
have extra;don’t let it indicate a lack of interest on anybody’s part,
but we all have other things to do. We are kind of in a hard situa-
tion here right now. Everything is being taken down. They will be
given copies of your testimony and the questions and your answers.

At this time, I recognize Dr. Zuber for her statement.
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STATEMENT OF DR. MARIA ZUBER, E.A. GRISWOLD
PROFESSOR OF GEOPHYSICS AND HEAD OF
THE DEPARTMENT OF EARTH, ATMOSPHERIC AND
PLANETARY SCIENCES,
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Dr. ZUBER. Great, thank you.

Mr. Chairman, Ranking Member Johnson, and Members of the
Committee, thank you for the opportunity to appear today to pro-
vide perspectives on the future of human spaceflight. My mission,
GRAIL, which is on its way to the Moon, is the first NASA plan-
etary mission which has an imaging experiment with no scientific
purpose. It is to be used solely for education targeted at middle
school students.

As an educator and a proud participant in NASA’s Robotic Explo-
ration Program, I am an enthusiastic supporter of human space ex-
ploration. I will focus on a subset of the testimony which addresses
the questions that were asked me.

There are two attributes that are necessary for the implementa-
tion of a human spaceflight program. First, the program must be
managed responsibly with a balance between infusion of new tech-
nology and a simple risk-and-cost profile. Unfortunately, NASA’s
advanced technology work has been cut back, and it is not clear
how the Agency will be able to unfold new technologies without a
more concentrated effort to develop them. Off-the-shelf technology
will not meet all future needs and significant advances will be re-
quired if costs are to be managed.

Second, a balanced program of science and technology is nec-
essary. The thought that it is possible to cut out major parts of an
industry or a scientific enterprise and that people will return at
some undefined point in the future is unsound. There should be a
firewall between the human and robotic parts of the space explo-
ration program.

Job one in the next phase of human space flight is to develop re-
liable, routine access to low Earth orbit. But NASA should be doing
the technologically challenging task: transporting humans to unex-
plored destinations. While it is possible to quibble about details of
lift capacity, et cetera, the plan for the Space Launch System an-
nounced by Administrator Bolden last week is responsive to this
objective, as is the intention to develop a new crew launch vehicle.
When the time comes that one or more reliable commercial launch
vehicles are available, it is these entities that should transport
cargo and ultimately humans to low Earth orbit. Such capabilities
will free NASA to focus on exploration beyond Earth orbit.

The ultimate destination for our Human Spaceflight Program
should be astronauts on the surface of Mars. However, in the
meantime, landing on a planetary body with significant gravity is
especially complex and therefore expensive. In the meantime, expe-
ditions to a Lagrange point or to rendezvous with an asteroid
would be more straightforward technically to accomplish and would
have the advantage of providing much-needed experience for hu-
mans to function beyond Earth orbit.

The American public, and by extension NASA, grows ever more
risk-averse. Today, I cannot imagine that we would send a mission
to the Moon if lightning struck the launch vehicle, as happened
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with Apollo 12. In human spaceflight, we require a full under-
standing of the technology we launch and the environments we tra-
verse. Information returned from NASA’s space science missions
provides the context on the space environment that will enable fu-
ture human exploration beyond low Earth orbit. Robotic observa-
tions provide information on radiation fluxes in space, surface haz-
ards that jeopardize landings—Apollo 11 being a case in point—and
atmospheric variability that will be relevant to landing on Mars.
Robotic reconnaissance also provides guidance as to the most inter-
esting areas to explore.

My mission, GRAIL, was selected solely on the basis of its sci-
entific goal of understanding the structure and evolution of the
Moon and its ability to advance similar understanding of the rocky
planets, including Earth. However, the new understanding of grav-
ity will enable and also provide distinct benefits for future robotic
and human exploration. GRAIL will provide a precise gravity field
and an accurate latitude/longitude grid that will greatly facilitate
orbital navigation, and in addition, enable any future lunar space-
craft to land exactly where desired, thereby reducing risk and
maximizing scientific return.

Human exploration will also be an enabler for planetary explo-
ration. While remote activities like antenna deployment and sur-
face traverses can be accomplished remotely, humans could do such
activities far more efficiently. The repair of the Hubble Space Tele-
scope is perhaps the most obvious example of humans contributing
significantly to the advance of science.

A forward-looking endeavor that would be particularly suited to
humans on the surface of another planet would be deep drilling.
Imagine exploring below the surface of Mars to search where life
retreated there when the planet lost its atmosphere early in its his-
tory. Imagine drilling deep into the Moon to understand the role
of solar heating over the past several hundred years, an activity
that would elucidate the role of the sun in Earth’s climate history.

I am grateful for the opportunity to contribute to the national
discussion of how to implement a future sustainable human
spaceflight program and I look forward to responding to your ques-
tions.

[The prepared statement of Dr. Zuber follows:]

PREPARED STATEMENT OF DR. MARIA ZUBER, E.A. GRISWOLD
PROFESSOR OF GEOPHYSICS AND HEAD OF
THE DEPARTMENT OF EARTH, ATMOSPHERIC AND PLANETARY SCIENCES,
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Mr. Chairman and Members of the Committee, thank you for the opportunity to
appear today to provide perspectives on the Future of Human Spaceflight. I lead
NASA’s Gravity Recovery and Interior Laboratory (GRAIL) dual-spacecraft mission
to the Moon that lifted off successfully from Cape Canaveral Air Force Station on
September 10, 2011. The mission, which launched on spec, on time and under budg-
et, is the first robotic demonstration of precision formation flying around another
planetary body. The last time precision formation flying was performed at the Moon
was during the Apollo 17 mission under the command of Captain Eugene Cernan.
As a space scientist and educator, I am an enthusiastic supporter of the human ex-
ploration of space, as detailed in the following testimony.
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Rationales for and Benefits of Human Exploration

History teaches us that great civilizations explore and dare not cease exploration.
As a case in point, in the early to mid 1400s China had arguably the greatest navy
on Earth under the command of Zheng He. During the Ming Dynasty, Chinese expe-
ditions established trade routes in the Indian Ocean to Arabia and Africa, until the
voyages were canceled and the fleet was burned, in part to save money. Late in the
same century (1497) Vasco da Gama led four small ships around the Cape of Good
Hope on first successful expedition from Europe to India. World history may have
been very different had da Gama’s handful of ships encountered Zheng He’s fleet
of over 250 large junks. But the Chinese stayed home and their influence waned,
while the nations of Western Europe went on to dominate world affairs.

The rationales for human exploration of space are numerous and have
been oft articulated, from the practical to the sublime:

e The human space program produces advanced technologies and high-paying
jobs. Like some other government programs, it provides considerable economic
benefit to many regions of the U.S.; not a cent of the NASA budget has ever
been spent in space.

e The human spaceflight program contributes markedly to the viability of a series
of our economic sectors. There are numerous commercial, scientific and military
interests in space, such as communications, GPS, weather and climate moni-
toring, intelligence and surveillance that benefit from investments and techno-
logical advances made in the human space program. As a space scientist who
develops robotic missions, I believe that a significantly reduced human space
program would be devastating in terms of technological base needed to design
future robotic experiments.

Human space exploration inspires our youth to pursue careers in science and
technology. The influential report “Rising Above the Gathering Storm” elucidated
eloquently a national imperative for increased education in Science, Technology, En-
gineering and Math (STEM). Key decision points are early in middle school when
children need to decide to take advanced math that leads to calculus and Advanced
Placement science courses in high school. Arguments have been made that there are
other great challenges, like energy, that will attract our best and brightest students.
This is true. But children aren’t thinking about energy at early ages—they’re in-
spired by space and dinosaurs. Having served on President Bush’s Moon Mars Com-
mission, I spoke to innumerable citizens who ultimately became telecom engineers,
biologists and computer scientists because they watched astronauts walk on the
Moon.

e Human exploration will contribute to our understanding of the vastness and
makeup of the universe, the tenacity of life and the age-old question of whether
life exists beyond Earth. In the near term, I look forward to an increased em-
phasis on scientific inquiry on the International Space Station. I believe that
Nobel Prize-caliber discoveries can be made there. Whenever investigation takes
place(:i in a new environment, with new sensors, extraordinary discovery is as-
sured.

e Asking whether the human space program is worthwhile is like asking whether
the voyages of da Gama, Magellan or Columbus were worthwhile. As for the
Chinese, they’ve rethought their national strategy. Despite pressing social con-
l(izrns of the present they’re not staying at home anymore. They’re going to the

oon.

Charting a Viable Path Forward

In light of economic challenges, fiscal responsibility is essential as is the need for
sustained forward progress. An important component of a successful program is the
articulation of near- and long-term national goals that are non-partisan. I support
the recommendation of the Review of Human Spaceflight Plans Committee that the
eventual goal should be the human exploration of Mars.

As a university professor who interacts frequently with students at all levels, I
can say with confidence that the goal of human exploration of Mars is also the con-
sensus opinion of the next generation who will carry out this challenge. I cannot
estimate the number of students who have found their way to me to tell me that
they want to help America go to Mars, in many cases wanting to go themselves.
On the wall of my office is a picture of Earth taken from the surface of Mars by
the Opportunity rover and I remind the students that everything they know and
love is on that dot in the sky, and do they still want to go? Of course they do. I
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then dutifully explain the challenges—technical, scientific, psychological and polit-
ical—do they still want to go? They wonder what’s wrong with me; of course they
do. Never tell a young person that something they want to do is impossible. NASA
should do what I do with these students. Start working on those parts of the chal-
lenge that are possible to address within the constraints that exist and keep moving
forward; when the time is right to start planning a mission to Mars in earnest the
starting base of knowledge must be as robust as it can be.

There are two attributes necessary to any implementation plan. First, the pro-
gram must be managed responsibly, with a balance between infusion of new tech-
nology and a sensible risk and cost profile. Unfortunately Congress is cutting back
NASA’s advanced technology work and it is not clear how the agency will be able
to unfold new advanced missions without a more concentrated effort to develop new
technologies. “Off the shelf” technology will not meet all future needs and some sig-
nificant advances will be required if costs are to be managed. Second, a balanced
program of science and technology is necessary; the thought that it is possible to
cut out major parts of the industry or scientific enterprise and that people will re-
turn at some TBD time in the future is unsound.

Job one in the next phase of human spaceflight is to develop reliable, routine ac-
cess to low Earth orbit. Most of the energy in spaceflight is in getting off the surface
of the Earth. NASA should be doing the technically challenging task—transporting
humans to unexplored destinations. While it is possible to quibble about details of
lift capacity, etc., the plan for the Space Launch System (SLS) announced by Admin-
istrator Bolden last week is responsive to this objective, as is the intention to de-
velop a new crew vehicle. When the time comes that one or more reliable commer-
cial launch vehicles are available, these entities should transport cargo, and ulti-
mately humans, to low Earth orbit. Such capabilities would free NASA to focus on
exploration beyond Earth orbit.

Landing on a planetary body with significant gravity is especially complex (and
therefore expensive) but expeditions to a Lagrange point or to rendezvous with an
asteroid would be more straightforward to accomplish, and would have the advan-
tage of providing much needed experience for humans to function beyond Earth
orbit. To ultimately explore Mars, humans need to learn to live and work on a plan-
etary body with gravity. New space suits and surface instrumentation will be nec-
essary. Some of this required technology is under preliminary development.

Synergies Between Human and Robotic Exploration

The American public, and by extension NASA, grows ever more risk averse. Today
I cannot imagine that we would send a mission to the Moon if lightning struck the
launch vehicle, like we did with Apollo 12. In human spaceflight we require a full
understanding of the technology we launch and the environments we traverse. Infor-
mation returned from NASA’s space science missions provides the context of the
space environment that will enable future human exploration beyond low Earth
orbit. Robotic observations provide information on radiation fluxes in space, surface
hazards that jeopardize landings (Apollo 11 being a case in point), and atmospheric
variability that will be relevant to landing on Mars. Robotic reconnaissance also pro-
vides guidance as to the most interesting areas to explore, for example, the detection
of pits that that provide access to subterranean lava tubes on the Moon and Mars.
One such pit on the flank of the Pavonis Mons volcano on Mars was discovered by
seventh graders from Evergreen Middle School, Cottonwood, California, via the
Mars Student Imaging Project operated by NASA and Arizona State University.

My mission, GRAIL, will provide a higher-resolution gravity field of the Moon
than currently exists for Earth. This mission was selected solely on the basis of its
scientific goal of understanding the structure and evolution of the Moon and its abil-
ity to advance similar understanding of all the rocky planets including Earth. How-
ever, the new understanding of gravity it will enable also provides distinct benefits
for future robotic and human exploration on many different missions. Combined
with elevation measurements from the altimeter on the Lunar Reconnaissance Or-
biter spacecraft that is currently mapping the Moon, GRAIL will provide a precise
gravity field and an accurate latitude-longitude grid that will greatly facilitate or-
bital navigation and in addition enable any future lunar spacecraft to land exactly
where desired, thereby reducing risk and maximizing scientific return.

Human exploration will also be an enabler for planetary exploration. While re-
mote activities like antenna deployment and surface traverses can be accomplished
remotely, humans could do such activities far more efficiently. The repair of the
Hubble Space Telescope is perhaps the most obvious example of humans contrib-
uting significantly to the advance of science. My colleague, Steve Squyres, while
celebrating the longevity of his Mars Exploration Rovers, has on more than one oc-



31

casion reflected wistfully of how much more could have been learned if humans and
robots were exploring in concert. A human will always be able to adapt a plan when
confronted with new or unexpected information.

A forward-looking endeavor that would be particularly suited to humans on an-
other planet would be deep drilling. Imagine exploring below the surface of Mars
to search whether life retreated beneath the surface when the planet lost its atmos-
phere early in its history. Imagine drilling deep into the Moon to understand the
role of solar heating over the past several hundred years, an activity that would elu-
cidate the role of the sun in Earth’s climate history.

In Closing

The human spaceflight program has been a source of enormous pride, and the
achievements and can do-spirit of the employees of NASA and its industrial and
academic partners exemplify much of what makes America great.

I am grateful for the opportunity to contribute to the national discussion of how
to implement a future sustainable human spaceflight program, and I look forward
to responding to your questions.

Chairman HALL. All right, thank you. And at this time, I recog-
nize Dr. Michael Griffin for five minutes to present his testimony.
Dr. Griffin? Your microphone.

STATEMENT OF DR. MICHAEL D. GRIFFIN,
EMINENT SCHOLAR AND PROFESSOR,
MECHANICAL AND AEROSPACE ENGINEERING,
UNIVERSITY OF ALABAMA IN HUNTSVILLE

Dr. GRIFFIN. Thank you. At this point, I feel a little bit like Zsa
Zsa Gabor’s eighth husband. I know what to do; I am not sure how
to make it interesting.

Chairman HALL. Your time has expired and so has Zsa Zsa.

Dr. GRIFFIN. Thank you, sir. I am honored to appear before you
today to discuss the future of our space program because in this
year of space shuttle retirement, the direction of our space program
has been much in the news. But despite that, and prior to this
hearing, in my opinion the principal issue before us has not yet
been addressed. The central issue to be decided by our Nation’s
leaders at this time is simply this—do we want to have a real space
program or not? Based upon our behavior lately, I believe that
most people would be forced to conclude that the answer is not.
What is a real space program? Well, let us return to NASA’s char-
tering legislation, the Space Act of 1958. In that seminal work, we
find, among other things, that “the aeronautical and space activi-
ties of the United States shall be conducted so as to contribute ma-
terially to the preservation of the role of the United States as a
leader in aeronautical and space science and technology and in the
application thereof.”

Now, today, the United States is dependent upon a foreign power
for the most important of those applications—human spaceflight—
and our recovery plan, if that is the word for it, is to depend upon
certain companies which have yet to show that they can deliver the
laundry to the International Space Station, never mind the crew
that would wear it. This does not seem like leadership to me. We
are simply not living up either to the letter or to the spirit of the
Space Act. To paraphrase my friend and colleague, Boeing Com-
mercial Aircraft CEO Jim Albaugh, the current Administration’s
view of our Nation’s future in space offers no dream, no vision, no
plan, no budget, and no remorse.
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So do we want to have a real space program or not? It has been
said today that there is no important question to which space ex-
ploration is the answer. I think that is wrong. I think there are
many such questions. What is the nature and value of a human fu-
ture in space? What directions will human society take as a result
of opening the space frontier? What social and cultural values will
evolve and prevail and how will we influence those developments?
How is our stature as a world power affected if we are not active
on the human space frontier when others are? What is the affect
on our national security if we are not longer regarded as the pre-
eminent world power? Can our Nation remain open, vital, relevant,
competitive, and forward-looking in science, technology, culture,
and commerce if it turns back from the frontier of its time? To me,
these questions are well worth answering and to resolve them re-
quires a national commitment to a human presence in space to de-
fine, occupy, extend, and exploit that frontier.

Humans will commit themselves to that purpose. Whether the
United States will be a leader in that endeavor is a question which
properly confronts us today, and in my view, all else is detail.
These truths were recognized in the NASA Authorization Act of
2005 and again in 2008, both of which originated in this Com-
mittee. The course that was laid out in those acts does not need
to be changed. It needs to be followed. If we do so, the right rocket
designs will emerge. If we don’t, the rocket design doesn’t matter.

Thank you, and I would be happy to answer any questions you
might have.

[The prepared statement of Dr. Griffin follows:]

PREPARED STATEMENT OF DR. MICHAEL D. GRIFFIN,
EMINENT SCHOLAR AND PROFESSOR,
MECHANICAL AND AEROSPACE ENGINEERING,
UNIVERSITY OF ALABAMA IN HUNTSVILLE

Chairman Hall, Ranking Member Johnson, and Members of the Committee: I am
honored to have been asked to appear before you today to discuss the future of the
space program, a matter which we all consider to be of strategic interest to our Na-
tion. It is also very timely. In this year of Space Shuttle retirement, the direction
of our Nation’s space program has been much in the news. We have witnessed ongo-
ing debate about the details of rocket design, about the supposed utility of fuel de-
pots, about whether and why NASA will conduct a human mission to an asteroid,
about whether NASA’s human rating requirements are too strict, and about wheth-
er new commercial space companies can develop systems to transport cargo and
crew to the International Space Station (ISS). It is possible that the Members of this
Committee join me in being a bit distracted by all of this, and I think “distracted”
is the proper term, because in my opinion the principal issue before us is “none of
the above.” The issues I outlined above are consequential, but they are not deter-
minative.

The central issue of space policy to be decided by our nation’s leaders is simply
this: do we want to have a real space program, or not? Based upon our national
behavior of late, I believe that most Americans, as well as our partners and competi-
tors abroad, would be forced to conclude that the answer is “not.”

What is a “real space program”? Let us return to NASA’s chartering legislation,
the Space Act of 1958, for guidance. In that seminal work, we find among other
things, that:

e “The Congress declares that the general welfare and security of the United
States require that adequate provision be made for aeronautical and space ac-
tivities.”

I think this is still true. Does anyone disagree?
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Further, “such activities shall be the responsibility of, and shall be directed by,
a civilian agency exercising control over aeronautical and space activities sponsored
by the United States.”

I've read the Space Act carefully many times. It creates the agency to which it
refers, and calls it “NASA.” The superior wisdom of the Bureau of the Budget, now
OMB, was apparently not thought to be required for the purposes of directing our
Nation’s space program. Somehow, I doubt that this was an oversight on the part
of the Act’s creators.

Continuing, “the aeronautical and space activities of the United States shall be
conducted so as to contribute materially to [numerous goals follow, including ... ]
... the preservation of the role of the United States as a leader in aeronautical and
space science and technology and in the application thereof ... ”

Today, the United States is dependent upon a foreign power for the most impor-
tant of those “applications,” human spaceflight, and our recovery plan, if that is the
word for it, is to depend upon certain entrepreneurial companies which have yet to
show that they can deliver the laundry to ISS, never mind the crew that would wear
it. lTh(iiS behavior does not seem to me to be consistent with preserving our role as
a “leader.”

So, as I see it, we today are simply not living up to either the letter or the spirit
of the Space Act. To paraphrase my friend and colleague, Boeing Commercial Air-
craft CEO Jim Albaugh, the current Administration’s view of our Nation’s future in
space offers “no dream, no vision, no plan, no budget, and no remorse.”

Should the goals enunciated in the Space Act be changed? Are they obsolete in
the world of today? I would say “no”; I would say that this Nation has been incred-
ibly well served by the vision and goals embodied in that Act, and that we should
continue to embrace its vision. But this is the policy discussion we must have, not
the details of rocket design or whether our next human spaceflight destination is
some asteroid. “We the People” will be here to deal with the consequences of such
a decision; this Administration will not.

So in that spirit, do we want to have a real space program, or not? I think we
must, because there are questions of societal importance that surround the space
enterprise. What is the nature and value of a human future in space? What direc-
tions will human society take as a result of opening the space frontier? What social
and cultural values will evolve and prevail, and how will we influence these develop-
ments? How is our stature as a world power affected if we are not active on the
human space frontier when others are? What is the effect on our national security,
if we are no longer regarded as the preeminent world power? Can our Nation re-
main open, vital, relevant, competitive and forward-looking in science, technology,
culture, and commerce if it turns back from the frontier of its time?

The resolution of these questions requires a national commitment to a human
presence in space to define, occupy, extend, and exploit that frontier. Humans will
commit themselves to that purpose. Whether the United States will be a leader in
that endeavor is the question which properly confronts us today. All else is detail.

What does a real space program look like, and not look like?

A real space program sets and meets stable national strategic goals for leadership
on the space frontier by developing, evolving, and preserving national capabilities
to operate on that frontier. It does not allow that capability to be held hostage to
the good will of other powers, or to the vagaries of a nascent and fragile market-
place.

A real space program may, and indeed should, offer a stable market to be ad-
dressed by commercial providers, but it cannot be dependent upon such providers
for strategic capabilities. A real space program recognizes that this Nation has in-
terests that rise above the fortunes of individual private contractors, and it protects
those interests. The proper role of government is to reward winners, not to pick
them, nor to step in as an investor in enterprises which cannot pass the tests that
the capital markets impose.

A real space program is grounded in physics, not politics. In stepping outward be-
yond low Earth orbit and the ISS, a human return to the Moon is the next logical
goal from a host of scientific, engineering, operational, and even commercial per-
spectives. From there, and with the experience thus gained, we should proceed on-
ward to Mars, and should do so in a timely way, else Mars will always be the des-
tination of the future. With the new systems built for those purposes, it will then
be both possible and interesting, as an ancillary mission, to visit one or more near-
Earth asteroids, and we should do so when opportunity permits. This is a plan
which fits the geography of the Solar System in which we live. A real space program
would be built around that fact.

These truths were recognized in the NASA Authorization Act of 2005 and again
in 2008, both of which were originated by this Committee. The course for this na-
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tion’s future in space that was laid out in those Acts does not need to be changed,
it needs to be followed. We must stay that course. If we do so, the right rocket de-
signs will emerge. If we cannot, the rocket design doesn’t matter. Concerning the
larger perspective of this hearing, I can thus offer no better counsel to this Com-
mittee than the guidance which it has previously issued.

The remainder of my testimony will address specific issues of narrower scope
upon which the Committee has asked me to comment.

e 1. What are the biggest risks and challenges facing NASA and our industrial
base as the agency oversees development of several new human spaceflight sys-
tems?

As best I can determine, NASA itself is actually “overseeing” only two new human
spaceflight systems: the Orion multipurpose crew vehicle (MPCV) and the 130-plus
metric ton heavy-lift launch vehicle, the so-called Space Launch System. Both of
these are intended for future beyond-LEO human exploration, and should serve that
purpose well if funding for those efforts can be maintained. It would be helpful if
they could be developed in integrated fashion, working as a program toward a given
destination, rather than as independent capabilities.

Should commercial human spaceflight capability fail to be realized, or should such
service be interrupted for any reason, the SLS and MPCV can also provide backup
access to the ISS, though with considerable cost inefficiency, as they are substan-
tially and intentionally overdesigned for that purpose.

NASA appropriations are being used to provide funds in advance of product deliv-
ery (i.e., front-end government “investment” in private concerns) for several com-
mercial space launch, cargo, and crew vehicle development enterprises. There are
numerous risks inherent to this aspect of the overall program.

The most obvious concern is that limited NASA funds are being spread too broad-
ly across a nascent commercial space industrial base. The ISS crew and cargo mar-
ket is insufficient by itself to support several commercial providers, and quite pos-
sibly even one. Other commercial human spaceflight markets are not immediately
apparent. Thus, if the several firms selected to receive funds under the CCDEV-
2 program (Boeing, SpaceX, Sierra Nevada, and Blue Origin) should all succeed
technically, one wonders how they will be supported thereafter, other than via out-
right government subsidy.

Indeed, the administration’s reliance on so-called “commercial” means of acquiring
human space flight capabilities does not withstand a conventional business case
analysis. Understanding that commerce remains a consequence of exploration, the
elimination of the Moon as the next logical exploration goal makes no sense. As I
stated earlier, it is unlikely that the ISS market alone can sustain even a single
commercial vendor, and yet there is no clear plan to provide even that market be-
yond ISS. However, a straightforward economic analysis shows that the market for
the cargo resupply of a human outpost on the lunar surface could indeed be sustain-
able over the longer term when sound business practices are assumed. Thus, the
administration’s present exploration strategy to bypass the Moon as a near-term
human space flight goal impedes the long-term sustainability of the very commercial
sector they are trying to cultivate.

Other concerns exist as well, principally associated with the issue of “oversight”
that the Committee has identified in this question. Only one of the companies se-
lected for receipt of funds under CCDEV-2 has any prior experience with human
spaceflight, or has yet built a rocket that has entered regular service. But as this
Committee knows, the development of these capabilities is not being carried out
under direct NASA oversight and control. As befits a commercial model, these firms
are carrying out their respective developments largely according to their own stand-
ards. This would be expected if these were privately funded activities for the pur-
poTlebof producing a product to be sold in the market for whatever price that market
will bear.

Such is not the case here; public funds have been provided in advance of product
delivery to meet a government demand, a fact normally accompanied by the require-
ment for government oversight and control of product design, development, manu-
facturing, and operational standards. It is in this fashion that the requirement for
public responsibility and accountability for the expenditure of public funds is as-
sured. That requirement is absent in the present plan. I personally expect that this
state of affairs can continue only until the first accident happens, the first misuse
of public funds is revealed, or some other unseemly event occurs. There will then
be a public investigation—quite likely led by this very Committee—which will cen-
ter on the question “where was NASA’s oversight of this effort?” The answer when
revealed is not likely to be acceptable.



35

In summary, and in my judgment, the administration’s approach to using the
power of the government market to help bring about the development of a robust
commercial space flight industry has not been well considered. The resulting turmoil
when this is plainly seen by all will, without doubt, further impede progress in
human spaceflight, and poses a major risk for this nation.

e 2. Given current and projected future agency budgets, can NASA develop and
maintain a safe and affordable human space flight capability? Will NASA be
able to afford missions beyond low Earth orbit?

I am concerned that with presently planned budgets, NASA cannot in fact do
these things. Table 1, below, shows the reason for this concern. This table compares
the President’s Budget Requests for 2007 and 2012. As shown, some $50 billion has
been removed from NASA’s human exploration program through 2016 alone. In fact,
the administration’s cumulative request for human exploration through 2016 is only
38% of the 2007 request, the first such request after the completion of the NASA
Exploration Systems Architecture Study. With this plan, the administration has
failed to heed its own Commission’s recommendations in regard to the amount of
funding which was needed for NASA and human space exploration.

Table 1. Human Exploration Presidential Budget Requests (M) Cum
2009 2010 2011 2012 2013 2014 2015 2016

2007 Request 4500 5055 8775 9500 11000 13000 14000 14200 80030

2012 Request 3506 3626 3706 3949 3949 3949 3949 3949 30581

Reductiors SS84 L3428 BO6D WLESE SFUSLE RatH AUB51 0 -10REY 0 48448

To put the numbers in Table 1 in perspective, the Constellation Program had re-
quested a total of about $110 billion in FY 2005 dollars from 2007-2020 to accom-
plish the first human return to the Moon, which would have placed four astronauts
on the lunar surface for a week, approximately four times the capability of the final
Apollo mission. (The total cost of the Apollo Program from 1959-73 was approxi-
mately $163 billion in FY 2005 dollars.) Important to note is that this level of in-
vestment required no dramatic increase in year-to-year spending for NASA, but was
based on the projection of stable funding over that 15-year period. Thus, the Con-
stellation plan represented a reasonable next step in capability beyond Apollo, at
a funding level that could be accommodated within a stable NASA budget. The
present administration’s budget request for human space exploration is enormously
reduced. It thus seems clear that the present budget request for NASA is insuffi-
cient to accomplish any reasonable program of human exploration.

e 3. What measures do you recommend to help ensure that the Nation success-
fully develops safe and cost-effective human space exploration systems and
maintains a leadership position in the world?

Our nation’s space program and those who execute it cannot return anything of
lasting value without the re-establishment of stable, strategically selected long-term
goals. As discussed earlier, the NASA Authorization Act of 2008, which originated
in this Committee, offered just such a vision. The principles of that Act, if re-en-
acted as the law of the land and funded appropriately, would by themselves result
in the restoration of U.S. leadership on the space frontier. Specific recommendations
follow below.

e  NASA should begin development of a crew transportation system for the pur-
pose of taking our astronauts and those of our international partners to and
from low Earth orbit. It is inconceivable that our government would place
this Nation in the position of depending solely upon either foreign powers or
private entities for human access to space. The new Space Launch System
(SLS), while it can accomplish this task, is substantially overdesigned for the
purpose. It is nonsensical to require the launch of a heavy-lift vehicle for pur-
poses of ISS resupply or for missions such as Hubble servicing and the like.
This Nation, through NASA, should pursue a broad range of human
spaceflight programs; exploration beyond low Earth orbit is only one of them.
When our Nation is held hostage to other entities for basic access to space,
something is very wrong.

e  Missions to the Moon, asteroids, and Mars require a heavy-lift launch vehicle
if they are to be conducted with any semblance of efficiency. The new Space
Launch System, while not as capable or cost-effective as the Ares V design
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it replaces, is quite similar and is an effective compromise. The Congress
should remain vigilant regarding the conduct of this program, as recent
events have made it quite clear that the administration does not actually
wish to pursue this development.

In summary, I will close on the point with which I began. This nation needs a
real space program. That program is inherently about extending human presence
out into the Solar System in which we live. The purposes and benefits of this pres-
ence can be seen only dimly today, just as our ancestors had trouble seeing value
in the New World beyond Virginia tobacco and the fur trade. But the entire history
of human development suggests that those benefits will exceed our wildest imagina-
tion, and that they will accrue to the society that takes the gamble.

The current NASA program—development of MPCV and SLS—represents the
minimum possible investment in rebuilding the capability needed to begin the estab-
lishment of a permanent human presence beyond Earth Orbit. That human pres-
ence should begin on the Moon, the place with the greatest potential to help bring
about a viable commercial space industry, and which can serve as the next strategic
destination to keep international partners and competitors focused on the peaceful
development of the space frontier.

Thank you. I would be happy to answer any questions you may have.

Postscript: a Comment on Fuel Depots

It is sometimes argued that development of a heavy-lift launch vehicle is unneces-
sary, that the necessary propellant for beyond-LEO missions can be accumulated in
“fuel depots” to be resupplied by smaller commercial launch vehicles. The claims
made in support of this architectural approach are difficult to understand. In gen-
eral, the lowest marginal cost-per-pound for payload to orbit is obtained by using
a rocket having the largest possible payload. An architectural approach based upon
the use of numerous smaller vehicles to stock a fuel depot is inevitably more expen-
sive on a mission-cost basis than can be obtained by putting the necessary payload
up in larger pieces, as with a Saturn 5 class vehicle; i.e., 130 metric tons or larger
payload capacity.

When this known inefficiency in the marginal cost of tonnage to orbit delivered
by smaller launch vehicles in comparison with larger vehicles is acknowledged, the
counterargument is sometimes offered that the use of smaller vehicles and fuel de-
pots obviates the need for a heavy-lift launch vehicle, and that the money thus
saved more than offsets that which is spent on the fuel depot and smaller launch
vehicles. This may or may not be so, depending upon the economics inherent to any
given approach, but the argument in any case ignores a more crucial fact—if NASA
does not build a heavy-lifter, then we will not have a heavy-lifter! This matters, be-
cause human exploration beyond low Earth orbit imposes requirements of far great-
er scope than merely lifting propellant to orbit, even if that particular requirement
does constitute two-thirds of the burden of raw tonnage to orbit. What is ignored
by proponents of propellant depots is that the remaining one-third of the total mass
consists of large, complex, heavy, tightly integrated systems whose design and devel-
opment benefits enormously if they can be launched in one piece, with those pieces
as large as possible. This can only be done with a true heavy-lift vehicle, preferably
one with the largest possible payload volume as well as payload mass. It is simply
the case that in some fields of human endeavor, size does matter. Human space ex-
ploration is one of those.

Finally, a fuel depot requires a presently non-existent technology—the ability to
maintain cryogenic fuels in the necessary thermodynamic state for very long periods
in space without expending excessive amounts of propellant due to heating and sub-
sequent “boil off.” This technology is the holy grail of deep-space exploration, be-
cause it is necessary for both chemical- and nuclear-powered upper stages. We
should by all means pursue it. But to embrace an architectural approach that re-
quires a non-existent technology at the very beginning of beyond-LEO operations is
unwise in the extreme.

One has the sense that the primary purpose of fuel depots in some proposed space
architectures is to provide a market for companies offering rockets with small- to
medium-sized payloads. This approach reverses cause-and-effect. We should be ask-
ing how commercial space companies can help accomplish the human exploration
program we want to do, rather than asking what kind of human exploration pro-
gram best suits the needs of commercial space.

Chairman HALL. Thank you, sir. And I thank all of you for your
testimony. And I remind our Committee rules, our questions are
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limited to five minutes. Excuse me. The Chairman at this time will
open the round of questions, and I recognize myself for five min-
utes. And I join all of you, as all of us up here join you, and those
who are not here that are occupied elsewhere with duties are inter-
ested in a bright future or some kind of a future for space. And if
other nations are going to be there, I want to be there, too. It is
important to our national security, it is important to our children,
it 1s important to our allies, it is important to our partners. And
NASA has finally announced it is moving forward with a Space
Launch System and Multipurpose Crew Vehicle. We need to pre-
serve the scales and capabilities of our aerospace industrial base as
muchdas possible so we don’t lose the enormous benefits we have
gained.

And I would like to ask all of you what near-term milestones and
goals do you think NASA and Congress need to focus on? I hope
we can preserve our place with our space station, we can stay ac-
tive in space, and have a presence in space that we don’t have—
it looks like we are gradually losing. And still pursue Mars but
pursue it with little expenditure and not large expenditures be-
cause, ultimately, we want to go to Mars or an asteroid or wher-
ever they say we want to go. But I think we need to concentrate
much less on that than we do on preserving our space station and
having cargo go up there and have our men and women to go as
they have in the past. What do you think about those goals and
what are your goals?

Mr. ARMSTRONG. Thank you, sir. Sixteen months ago I reported
to this committee that the top three goals should be to first main-
tain a leadership position in space; the second, to guarantee access
to space—to and from space; and third, to have an exploration
focus, in that order. And I think that is consistent with what you
just said, Mr. Chairman.

Chairman HALL. Thank you. Gene, do you have anything to add
to that?

Captain CERNAN. Yes, sir.

Chairman HALL. You surely are not going to differ with the two
of us, are you?

Captain CERNAN. No, sir. You know, I am an exploration guy at
heart. After having the opportunity to go to the Moon twice, stay-
ing home is not good enough for me. But I am a realist also. We
will go to the Moon and we will go to Mars, not as quickly or as
soon as I had hoped, but to me, the direction is more important
than the time of when we go.

I think our most crucial concern at this point in time is the abil-
ity just to get back into low Earth orbit. We have $100 billion in-
vestment up there and a commitment to our international partners
that we cannot keep today because we have given up the capability
of the shuttle with nothing to replace it at this point in time. Now,
the SLS is great. I just hope that there is a derivative of the SLS
that allows us to get humans, Americans, back in space prior to
2018 or 2020. Otherwise, the SLS truly is a vehicle that will some-
day allow us to go somewhere in space.

Chairman HALL. Dr. Zuber?

Dr. ZUuBER. The most important thing is to develop a sense of for-
ward motion, and that means the ability to get off the planet. So
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I have gone on record as saying that I believe that Nobel Prize-cal-
iber science is capable of being done on the space station and I
hope the opportunity occurs for the kind of science to get done on
the space station that will lead to great discoveries because I think
it can happen.

But I also believe in getting out of Earth orbit and I do think
that getting a heavy launch vehicle is the right step in that direc-
tion and that will lead to other great science beyond Earth orbit.

Chairman HALL. Thank you. And that is very well said. And
t}ﬁanok you for your testimony. Mike, do you want to zero in on
that?

Mr. GrIFFIN. I would like to echo the comment that we first have
to be able to get to and from Earth orbit. No one could be more
of a supporter of commercial space than I, but I am getting tired
of hearing that NASA should be left to work the hard problems. I
will remind this Committee that independent of what nation you
are talking about, independent of what rocket you are talking
about, approximately 1 in 50 times when we launch a rocket, it
doesn’t work. That 1s the state of human space technology today.
About 1 in 50 times the launch fails. So to me, when we say that
NASA should be working the hard problems, well, I think that is
a hard problem, and our Nation should secure for itself, inde-
pendent of commercial capability, the ability to again place our
people in orbit and get them back. After that, the next priority is
a human expedition to return to the Moon and to stay and I think
it should be this Nation’s privilege to lead an international partner-
ship back to the Moon just as we did on the space station. Thank
you.

Chairman HALL. I thank you. And I have another question but
my time has expired. At this time, I recognize Ms. Johnson for five
minutes.

Ms. JOHNSON. Thank you very much, Mr. Chairman.

And I did hear the comments about my reference to the past, and
let me just say that without our predecessors, we would not have
had that past who had that vision. And without us becoming prede-
cessors here with vision, we won’t have a future. So that is why
my real emphasis is on our future. I fully realize that until we are
committed to spending the dollars for research that space explo-
ration brings us, we are sitting waiting for others to pass us by.
And I think that is not hard to see if we see what 1s going on
today. I know that the budget is very tight, but is it too tight to
look out for our future? That is my concern. I think when it gets
too tight to look out for our future, we damn our future, because
without vision, people do perish.

I don’t think I have to wonder where you are but I do know that
unless we inspire our young minds as space exploration has done
in the past, we won’t have the people. When we cut back, we lose
our talent. And when we lose our talent, we don’t lose them to the
next business or the next state or even the next land. We lose them
for the United States and that is a real concern that I have.

So what I would like to hear from you—and I think you have
said much of this—but I want all of you to comment specifically
on,. how can we proceed with the budget restraints that we do have
and keep pace with the rest of the world?
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Chairman HALL. Who wants to be second? [laughter.]

Mr. ARMSTRONG. Well, I think the key is having the plan, a mas-
ter plan that everyone supports and with the plan, then, there can
be various design reference missions established to which the in-
dustry can respond and NASA can select the most valuable one.
And there has to be a good deal of flexibility in the planning of
going to new places. In both our Gemini and Apollo program, we
changed the mission almost every time. I think that will continue
in the future because you have to be flexible and ready to incor-
porate whatever new changes in the environment dictate and what
the needs are. So I certainly support your view and I do think hav-
ing the plan that everyone agrees to is the key.

Chairman HALL. Mr. Cernan?

Captain CERNAN. Ms. Johnson, you said three things that caught
my attention in your opening statement. You talked about a public-
private partnership to move forward, which I think is so signifi-
cantly important. You talked about the fact that we cannot not af-
ford to proceed, which is a most true statement that anyone here
in this room can make, including people at this table. But you also
are concerned about education and the uncertainty of the work-
force, something I spent a great deal of time on in my written testi-
mony because I think that is the real challenge, the real risk.
There are other risks. Is the budget going to be ready? Can we get
the money? Is Congress going to agree? Is NASA going to perform?
The real risk, the real challenge of going forward are those young
men and women whose talents we cannot afford to lose. The
dreamers whose generation wants to take us back where we be-
long, and they truly believe that. They did not join NASA to
build—design windmills and rebuild brake pedals for some coun-
try—some other country. They joined NASA to do something
unique and different that their parents and grandparents and
aunts and uncles did. And the key to the future are those young
people.

The old, wiser, smarter, more mature men and women are now
retiring, people who have spent 50 years learning what they didn’t
know they didn’t know. And they are turning that experience over
to this new enthusiastic young group. And the question you ask is
how do we keep them? And we are losing them in droves right now.
I don’t have an answer to your question other than we can’t afford
not to proceed forward. They are going. They are leaving. I know.
I have talked to them. That concerns me as a major challenge, Mr.
Chairman, you asked us of how we get where we want to go.

Chairman HALL. Dr. Zuber, she doesn’t have any more time left.
I am going to allot you three minutes.

Dr. ZUBER. Okay. Thank you very much.

It is said often that the Nation faces other challenges that need
to be focused upon and one example that is given is energy. I am
a faculty member at MIT where we have over 1,800 students in the
Energy Club. So energy is at the top of the list of problems that
our smart students want to solve. But when students are six,
seven, eight years old, they are not thinking about solving the en-
ergy crisis. They want to be astronauts. And many, many of the
students start out being interested in space, the decision point is
in middle school where you need to make the decision to take the



40

hard math that leads you to calculus and AP science courses in
high school, which leads you to science and engineering degrees in
college. And that is where the space program provides a great deal
of inspiration.

Chairman HALL. I couldn’t agree more. For young people, high
school and early college, other than prayer, energy is probably the
most important word in the dictionary. Thank you for that. Sir?

Dr. GrRIFFIN. I don’t need to extend our time further. I think the
prior witnesses have answered well.

Chairman HALL. Well, the gentlelady did have another minute if
you want to give her an answer. She is entitled to it.

Dr. GRIFFIN. I would repeat Captain Cernan’s question. How can
we afford not to do it? What is the value of U.S. leadership? That
is the question to be answered not what the cost is. If the United
States fails to lead in space, it is unimaginable to me that we will
remain a leader on Earth, and I submit that the cost of that is far
higher than the NASA budget many times over.

Ms. JOHNSON. Thank you very much, Mr. Chairman, for allowing
him to answer.

Chairman HALL. Thank you. The gentlelady’s time has expired.
The Chair now recognizes the gentleman from Wisconsin, Mr. Sen-
senbrenner, for five minutes.

Mr. SENSENBRENNER. Thank you very much, Mr. Chairman. And
I think that you are to be commended for calling this very timely
hearing because we are at a crossroads. And I think I can answer
Gene Cernan’s question about how do we keep people in the pro-
gram and how do we attract new people? And that is giving them
something to do. And I don’t think that the direction that the Ad-
ministration has set out gives them something to do that is achiev-
able in the short- or the medium-term.

Now, I was around here sitting in Mr. Hall’s place 12 years ago
and repeatedly expressed my concern that the seed corn of looking
forward past assembling the International Space Station and going
the next round was being diverted to pay for the Russian part of
the space station that the Russians didn’t want to pay for. And
that was signed off on by then-Vice President Gore and NASA Ad-
ministrator Dan Golden. And we are suffering now from the con-
sequences of that decision, which most of the members of this com-
mitflee on a bipartisan basis at the time very strongly disagreed
with.

Now, all of that being said, you know, we are basically trying to
make up maybe 12 to 15 years of the consequences of the decision
that we had to pay the Russians to do what they refused to do in
order to get the station going. So, you know, I agree with the prior-
ities that have been set out, but how do we rekindle the imagina-
tion of the American public on space in a very, very tight budget
time after 15 years of letting the imagination if not the appropria-
tions go and lay fallow?

And I would like to specifically ask Mr. Armstrong and Captain
Cernan how to do it because what we hear now from the President
on down is, well, we shouldn’t go back to the Moon because we
have been there and done that. You have been there and done that
and, Gene, you have been there and done it twice. So, you know,
the first thing we have got to do is we have got to have a John F.
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Kennedy moment because the public backed what Kennedy called
for in his address and NASA got the Apollo program done on
time—actually early and under budget. So how do we do this? You
know, you have been symbols, even before you went to the Moon.
You are still symbols looking at the crowd that we have here in the
Committee and behind you in the public area of this Committee.
Let us know, you know, what we can do to rekindle the American
spirit and make this a can-do kind of thing. Because the money
will follow if the public supports it.

Mr. ARMSTRONG. You have certainly identified an important
issue. The reality is that people can be highly motivated if there
is hope. And right now, the sense that I have is too many people,
young people, have the view that there is too little going on in the
American space effort in the next decade, which they are preparing
for, so they turn other directions. And so having something in the
pipeline that gives hope to the young people is key. And it is impor-
tant not only to the young people but the existing people in NASA.
I note that in yesterday’s Aviation Week there is a quote from the
Johnson Space Center Director that says his greatest challenge is
the retention of the installations Human Spaceflight expertise in
the face of falling budgets and significant personnel issues and
losses.

Mr. SENSENBRENNER. Captain Cernan?

Captain CERNAN. Thank you. You know, all young kids, all of us
growing up had a dream to be something we didn’t think we could
be, to do something we didn’t think was possible. Neil had a dream.
I am sure I had a dream, a dream of flying airplanes. Little did
I know that that dream many, many years later would lead me to
the Moon. If you could find something today, I talk to a lot of kids
from college, high school, right down into my grandkid’s fourth
grade graduation class, there is enthusiasm out there. There is
nothing more that I have found more than aviation and space that
excites kids’ minds and hearts, that inspires them to dream, to be
one of those. Poppy, why can’t I do that? Why can’t I go to the
Moon? You can do that. The kindling is there. We have just got to
put a little bit more fire in the pot. We have got to market what
we are trying to do.

We need—Ilet me tell you. It is not good enough for these kids
to say oh, when I grow up I can get put in a room and I can de-
velop technology to do something with. Or when I grow up I can
solve the problems of global warming, which is where some people
want to take NASA, quite frankly. That is not going to do it. These
kids, this generation, whether they are from four to 24 need some-
thing that their generation can make happen. Don’t tell me I can’t
do it. Don’t challenge the American people—don’t tell them it is not
possible because they will make it happen. That is a big order and
how do you put that together, I don’t know, but we need a mission
to somewhere where we can put our fingers on, touch, and say in
the year 2022 or 2042—quite frankly, I don’t care. I said a minute
ago it is the direction that counts, not the time we get there. We
can give these kids and these young people something that they
can make happen in their generation. I think we are halfway to an-
swering the question.
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And I need to say something more to Ms. Johnson that I didn’t
include about people and young people and the workforce. There is
an old saying. Technology makes it possible. People make it hap-
pen. It is the only reason Neil and I are sitting here today, the
technology was going to come. It is the people who gave us the op-
portunity to do what we did. And those are the people we have to
stimulate and get excited about doing something today.

You know, when we talk about a program in disarray and no
destination, those are real facts of life and we got to change that.

Chairman HALL. All right. Gentleman’s time has expired. Chair
now recognizes Mr. Smith, gentleman from Texas. By the way, the
annual Legislative Conference started this morning. There is a
large group in town, probably about 20,000 people, so that is where
a lot of our people are.

Mr. Smith, I recognize you for five minutes.

Mr. SmiTH. Thank you, Mr. Chairman. Mr. Chairman, I would
like to address my first question to Mr. Armstrong and Captain
Cernan, both Apollo Commanders.

Mr. Armstrong, you mentioned a while ago the three goals: lead-
ership, access, exploration. What I would like to know specifically
if you could tell us—and the same goes for Captain Cernan—what
can we do specifically to reclaim America’s leadership in space ex-
ploration, any specific vehicles or missions you want to point to? A
minute ago, Dr. Griffin mentioned going back into orbit and back
and back to the Moon. Do you have similar priorities or are there
other priorities? But what specifically can we do to reclaim our
leadership? Mr. Armstrong?

Mr. ARMSTRONG. Thank you. I believe we are committed to the
space station. We have commitment with other nations and we
must do that. And there is much to be gained from it if we do it
properly. Right now, we find ourselves in a box where we are not
able to fully man the station, and consequently, we are unable to
get very much productivity out of it because with the few people
that are there, there is—they have to spend most of their time just
keeping the station operating and there is little time for the nec-
essary research that is the productive output of the station. That
is unfortunate but true.

Second, I share the goal that the Moon is the most logical return
past near Earth orbit and I support that.

Mr. SMITH. Okay. Thank you. Captain Cernan?

Captain CERNAN. Yes, sir. I think the first thing we have to do
is prove to the rest of the world we are for real. We are here to
stay. We are not going to give up the 50 years of what we became.
I said a minute ago we just—it is over, supposedly. And the rest
of the world has got a right to feel—I feel that way. We have got
to prove to the rest of world we are for real. We have got to first
get our tails off the ground and get back into Earth orbit and serv-
ice the space station that we committed to and service the people
who we committed access to that space, too. Get the shuttle out of
the garage down there at Kennedy, crank up the motors, put it
back in service. You want a launch vehicle today that will service
the ISS? We have got it sitting down there. So before we put it in
a museum, let us make use—it is in its prime of its life. How can
we just put it away? Get us back in space. That is the first thing,
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and then, once we get that going again and people out there know
that we are still in the race and still going to run, then let us put
a long-term program together. Whether it uses the SLS or some
other system to get us where we want to go, I don’t care. Let us
just get into space and then decide where we want to go when we
leave Earth orbit, which is vitally important.

Mr. SMITH. Thank you, Captain Cernan.

Dr. Griffin, two questions for you. You have written in the past
and I think expressed concerns about the Chinese-manned
spaceflight program. Are we in danger of losing our lead? Are the
Chinese going ahead of us?

Dr. GRIFFIN. Well, in my opinion, China understands what it
takes to be a great power. We have written the script for them. We
were not a great power to World War II, and since then, we have
been the world’s great power. They understand that because we
showed them how to do it. They are a near-peer competitor of ours
and I would worry very much about the future of this Nation if we
were not and if we were not seen by all to be a world leader. And
I do not understand how a Nation which when the Chinese can
reach the Moon and we cannot, I don’t see why any other nation
would regard us as a world leader.

Mr. SMITH. Okay. Dr. Griffin, last question. Your written testi-
mony today you mention the lack of a business case for commercial
space companies and you mentioned conflicting priorities. What are
those conflicting priorities? What are your concerns about the com-
mercial space companies?

Dr. GRIFFIN. Well, I have a number of concerns, the chief one of
which is that we have offered to the commercial space companies,
which are struggling to get into existence, we have offered them
the space station market, but the space station market is small and
it is temporary. And as Captain Cernan and Mr. Armstrong have
stated many times and I echo them, we need something beyond; we
need something more. I firmly believe that with a large enough
market, commercial space can be successful initially with cargo and
then later on with crew. But there is no business case to invest for
the space station market alone. We need to have the lunar base
market. If there is no business case, then to keep these companies
in business will require direct government subsidy and I am unal-
terably opposed to direct government subsidy. I am a supporter of
commercial space. I am opposed to subsidies.

Mr. SMITH. Okay.

Dr. GRIFFIN. So I can end with that.

Mr. SMITH. Okay. Thank you, Dr. Griffin.

Thank you, Mr. Chairman.

Chairman HALL. Thank you. And I might point out that Norm
Augustine recommended from that same table $2 billion a year to
several past presidents—3 billion a year. I am just off a billion.
Came as close as a woman did to having twins. Don’t you agree
with that that it is money—we are talking about money, more
money when we have less than one percent of the budget? It is out-
rageous that they don’t—that they didn’t accommodate us with
that extra 3 billion as that committee suggested. We wouldn’t be
where we are today if they had listened to them.
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Next, we recognize Mr. Rohrabacher. Okay. I recognize Mr. Rohr-
abacher, five minutes.

Mr. ROHRABACHER. Thank you, Mr. Chairman.

First of all, I would like to place in the record a letter that was
sent to Members of Congress but was recently passed on by the
same organization to Mr. Armstrong. And it is a letter from the—
it is called the Students for Exploration and Development of Space.
It has 300 signatures of space-related students who are involved
with the engineering and space-related activity. I would like to
place that into the record, Mr. Chairman, at this point.

Chairman HALL. Without objection.

[The letter can be found in Appendix 2.]

Mr. ROHRABACHER. Mr. Cernan, if you could, I would appreciate
you reading this letter because it does express these 300 students
who already have committed their lives to training for involvement
in space how important commercial space is to their dreams. And
the fact is they do not look forward to being government employees
or parts of the space bureaucracy but look forward to challenges
that they think the private sector will be able to take over and be
involved in in the future. And it is a very inspiring letter and I
would suggest that.

We have some serious challenges and I believe that unless we
take advantage of the commercial space alternative as part of that
solution that we will not succeed. And let me just ask a couple
questions that lead to that—lead me to that conclusion and that is
NASA has just announced a $38 billion program to develop the
SLS, okay, new Space Launch System, which will be a heavy
launch system. But the immediate challenge that you, Mr. Cernan,
have described to us is getting into space now to meet the chal-
lenge that we have of servicing the space station and meeting our
goals just in the next few years. And $38 billion for a rocket that
will not be in any way available until the earliest at 2017 for cargo
and 2021 for crew, that $38 billion means that that is draining
money every year from the potential that we have of having the
short-term goals at least fulfilled.

Budget is a real thing here. We believe in vision and dreams but
we have to have real-line budgets or those dreams and visions will
never come into reality. And without the commercial space, people
who are putting their own money and putting private money into
the endeavor of building space transportation systems, we are not
going to meet any of those short-term goals that you spoke about.

I would like to think that the shuttle can just pick up all this
task and do this. The shuttles—we have had two shuttle crashes.
We know that it is vulnerable, and the fact is that the shuttle
crashed—Dr. Griffin, how much does it cost per shuttle flight? We
are talking about a billion dollars, aren’t we?

Dr. GrIFFIN. It depends on how many shuttle flights you do. It
costs about $2.4 billion a year or a little less to own the shuttle,
just to own it, and it costs about $300 million after that for each
successive flight.

Mr. ROHRABACHER. So we are talking about a huge expenditure,
and that money is coming from someplace, and if it comes espe-
cially from neutering the commercial space program but not giving
them a contract to be able to put some private sector money into
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meet the public sector contracts, we have done a big disservice to
these 300 students who have visions about what they want to do
in the next 10 years of their life and they want to be associated
with the space program.

So we have got some major decisions here. I really appreciate
your testimony of all of you here today, but I think that we all need
to work together so we have not only a vision of space but we also
have a vision of how we are going to go about it in a practical way
that we can meet our budget obligations.

Dr. Griffin, I know that you have been a supporter of commercial
space in the past but this idea that commercial space hasn’t even
shown anything that they can deliver laundry, I don’t understand
that. It seems to me that we have got a lot of other programs in
NASA over the last few years that have been over budget and not
on time and cost us a lot and we ended up canceling the program,
and it is just a very frustrating thing for us. So thank you very
much.

My five minutes is over now. Thank you, Mr. Chairman.

Chairman HALL. We will give Dr. Griffin a chance to answer you
if he wants to.

Dr. GRIFFIN. Let me be clear for the record. I am not in support
of running programs that go over budget, behind schedule or don’t
do what they are supposed to do. The government can operate pro-
grams and do programs efficiently, as can commercial entities. I
think we should strive for that. I am not opposed to the develop-
ment of commercial space. When a commercial capability is ready
to emerge, a government declaration of that fact is not necessary,
and in fact, government can’t stop it. And when a commercial capa-
bility is not ready to emerge, nothing that the government can do
will make a business case for something which is commercial that
is not ready to emerge.

Chairman HALL. The gentleman’s time has expired, unless the
gentleman wants to make an answer.

All right. The Chair now recognizes Mr. Neugebauer, the gen-
tleman from Texas.

Mr. NEUGEBAUER. Thank you, Mr. Chairman.

I would make a couple of points, and I certainly appreciate our
great witnesses today. You know, there is a lot of debate and dis-
cussion about where we go with our space program, and I don’t
know if this is true or not but somebody told me a number of years
ago after President Kennedy set out the goal for our Nation that
everywhere you went in NASA was little placards that said “the
Moon” because that was the goal and it was the focus and that ev-
erything that everybody got up every day and said, “What do we
do to advance to the goal of going to the Moon?”

So two questions I have this morning. We don’t appear to have
a clear goal of where we are going with our space program, and
would you recommend ways that we could, you know, bring some
kind of consensus of where we are going? And the second piece of
discussion is, there are people that say do we really need the
manned portion with the technology that we have today, can we do
space exploration without using the manned portion of it. And obvi-
ously you two gentlemen have participated in the manned portion



46

of it. Does all of it have to be manned or some of it unmanned, and
how does that fit into the overall goal?

Mr. Armstrong, we will start with your reflections.

Mr. ARMSTRONG. There is enormous value in our unmanned pro-
grams. Many of them go places where humans will never be able
to go, so there is information to be gained and these knowledge-
gaining probes are imperative for our continued exploration of
space.

But the human program is designed with goals to give our future
generations options of how to expand, where to expand, where to
survive, how to survive, very big questions of the destiny of our
human race, and so I think those kind of questions must be inves-
tigated by humans and they cannot be done by unmanned space-
craft.

Captain CERNAN. As Neil said, the unmanned program is vitally
important. Everywhere we have been, there have been unmanned
programs that have preceded us. There are unmanned programs
going on now which precede those who will follow us. So I think
they are vitally important.

At one time someone thought the first landing on the Moon
would come out the other side, it was nothing but a bunch of gas.
Well, there are a lot of things we don’t know about that are out
there in the universe in which we live, and the unmanned program
is vital. The rovers on Mars, the Hubble itself lets our imagination
stretch out. But I don’t mean to make light of it, but there has
never been a ticker-tape parade for a robot.

Neil’s name is the most well-known name in the universe—you
said that—the word, the universe for a reason. He is a human
being. He can come back and tell you what it feels like, what it
looks like, what it was like to be there. Lewis and Clark didn’t send
an empty canoe up the river. And I am not making light of it.
Human beings have to follow in the footsteps of everything we can
send before, that we send unmanned spacecraft, to make sure we
are going to get back so we can share these feelings and thoughts
with you.

Going back to one of your first questions, the sign that said
“Moon,” during Apollo on everybody’s door, that was a destination.
That was a goal. The goal was to get there before the end of the
decade. We were going to get there sometime. When Kennedy said
we were going to go to the Moon, he said that three weeks after
Alan Shepard went up and came down, 16 minutes of spaceflight
experience. We knew beans about going to the Moon. The tech-
nology didn’t exist. But all the people who were working on this
program knew that is where we were going to go and American in-
genuity was going to find a way to get there, and a testimonial to
that ingenuity to American enterprise is the fact that everyone who
went to the Moon including Apollo 13 came back home to talk
about it.

Chairman HALL. The gentleman’s time has expired. Thank you,
Mr. Neugebauer.

The Chair now recognizes the gentleman from Texas, Mr.
McCaul.

Mr. McCAuUL. Thank you, Mr. Chairman.
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Let me just say what an honor it is to be in the presence of the
first man to land on the Moon and the last man to land on the
Moon. I have said before, Mr. Armstrong, a thousand years from
now, no one will remember anybody in this town, but your name
will be known.

Your testimony, Mr. Armstrong, was quite revealing. You said
NASA has been unable to articulate a master plan that excites the
imagination and provides a semblance of predictability to the aero-
space industry, and you went on to say we will have no American
access to and return from low Earth orbit and the International
Space station for an unpredictable length of time in the future. For
a country that has invested so much for so long to achieve a leader-
ship position in space exploration, this condition is viewed by many
as lamentably embarrassing and unacceptable.

Captain Cernan, you talked about John Kennedy and his vision,
and we have on the wall here “Where there is no vision, the people
perish,” from Proverbs. I am concerned this Administration, this
President has no vision. I am also concerned that the next flag to
possibly land on the Moon will not be an American flag but rather
a Chinese or a Russian flag, and let us not forget the national secu-
rity implications that are at stake here, as Dr. Griffin talked about.

So many people ask me—and I have Austin to Houston so I have
a lot of jobs and space employees in my district. I have been to that
room where mission control took place in 1969. And so many people
ask me, you know, we landed on the Moon in 1969, why it has
taken so long to go back. Why has it taken so long and why is it
important today that we go back to the Moon? And so with that,
I would like to recognize you, Mr. Armstrong and Captain Cernan,
to answer that question.

Mr. ARMSTRONG. America was reveling in the successes of the
Apollo program but after you win a big game, why, there is a let-
down, and that was an opportunity for some to say well, maybe,
you know, we made a big investment in space exploration,
spaceflight, perhaps it is time to reap some rewards, so let us look
at Earth for a while, let us begin low Earth orbit and spend a lot
of time studying Earth and the environs of Earth and get a great
return from this investment, and indeed, that is what we did. The
shuttle, one of the most magnificent flying machines ever built,
highest technology machines, however, cost more to fly and couldn’t
fly as often as had been predicted by its designers due to reasons
that are completely understandable in retrospect, but it used up a
lot of the human spaceflight budget and was an inadequate oppor-
tunity to develop the developing follow-on spacecraft that would
succeed it, and I think that is the principal cause of the question
that you asked.

Mr. McCAUL. Captain Cernan?

Captain CERNAN. After I came back from the Moon on Apollo 17,
I got on my soapbox at Kennedy talking to the people at a home-
coming and I said, Apollo 17 was the end, how does it feel to be
the tail of the dog, the last one over the fence, and I got up on my
soapbox and I said it is not the end, it is just the beginning of a
whole new era in the history of mankind, and I truly did believe
it. I said we are not going to go back to the Moon, we will be on
our way to Mars by the turn of the century. Well, my glass was
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half empty for a long time until Constellation came along, and then
it became half full, and it gave this country something, I think, to
look forward to. It re-inspired those young people to dream. And
the dreamers of today are the doers of tomorrow, and if we don’t
inspire those young kids to dream, there isn’t going to be any to-
ni)orrow, and that is what I was looking at. That is what it was all
about.

I forgot the other half of your question, Congressman, but inspi-
ration of these young kids and a goal for them to put their hands
on and look forward to, I think, is what this country needs more
than anything else. And I will say it again: I am at a point in my
life, Neil and I aren’t going to see those next young Americans
walk on the Moon, and God help us if they are not Americans, that
it is somebody else, or if it is a team of people that is not led by
Americans. We are not going to be here. We are going to take the
last trip off this Earth long before that happens. That is unfortu-
nate, and I never believed it would be that way, but it will. But
I am satisfied with that as long as I know—when I leave this plan-
et, I want to know where we are headed as a Nation. That is my
big goal. I just feel so strongly about that, and I feel sometimes
helpless other than to share those feelings with ladies and gentle-
men like you because I am not making the decision to make it hap-
pen. I can only try and get people enthused about pointing them-
selves in that direction.

Mr. McCAUL. Let me just say thank you for your service, and
thank you for your inspiration to not only Americans but the world.
Thank you.

Chairman HALL. The gentleman’s time has expired.

The Chair recognizes the lady from Florida, Mrs. Adams, for five
minutes.

Mrs. ApaMS. Thank you, Mr. Chairman, and on behalf of the
Florida Space Coast and the tens of thousands of men and women
who in Florida actually dedicated their lives to advancement of this
country’s space program, I want to thank all of you for your serv-
ice.

Dr. Griffin, I am going to go back to a few things that have both-
ered me since I have been elected here in this august body. I just
have a few questions. It is going to be kind of quick because I want
to stay within my five minutes, and you can answer yes or no and
you don’t have to expound if you don’t feel the need. But when you
were Administrator of NASA, did you or your deputies ever ignore
one of the authorization bills?

Dr. GrIFFIN. Not ever.

Mrs. ADAMS. Did you ever get subpoenaed by a House or Senate
committee for outright ignoring their request for information?

Dr. GRIFFIN. No, ma’am.

Mrs. ADAMS. Were you or your deputies ever accusing by a Sen-
ator of sabotaging a NASA project just because you didn’t agree
with Congress?

Dr. GRIFFIN. Absolutely not.

Mrs. AbDAMS. Did you ever decide to ignore the role or will of Con-
gress when they asked you for plans to implement the next step
in President Bush’s vision for NASA?

Dr. GRIFFIN. Again, no, ma’am.
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Mrs. ApaMs. Can you think of any reason to slow roll a project
that has been authorized and demanded by Congress and federal
law?

Dr. GrIFFIN. Well, if the chief executive doesn’t want to do the
project, then logically speaking, they will slow roll it because every
two years there is an election and there is a chance to try again
whereas if you start the project, it becomes more difficult to cancel
it. So if I didn’t want to do a project and was a different branch
of government, then yes, I might slow roll it. I am not endorsing
that. But if you ask me if there is a reason to slow roll it, that
would be the reason.

Mrs. ADAMS. So can you think of any reason why it would be ac-
ceptable for a NASA Administrator or his or her deputy to ignore
Congress?

Dr. GRIFFIN. It is not acceptable. Congress—I remind people fre-
quently that they need to read Article I of the Constitution.

Mrs. ADAMS. Well, as you probably guessed, I am kind of miffed
at the fact that NASA has done everything in their power to slow
us down. I know there was an authorization bill that was passed
before I got here and we are just now learning that they may have
come up with a plan for the SLS. So I just was curious in past Ad-
ministrations how that worked.

Dr. GrIFFIN. Well, ma’am, I would say when you say that the
blame falls on NASA, I must with respect disagree. NASA is a fed-
eral executive agency and they work for the President, and they
must follow the instructions of the President, and so the Adminis-
trator really has no choice in this matter.

Mrs. ADAMS. So you believe that he was directed, he or she was
directed?

Dr. GRIFFIN. If the Administrator is doing opposite to that which
the President desires, then he is mutinous and so therefore one
must conclude that the Administrator is doing as the Chief Execu-
tive requests.

Mrs. ApaMms. Thank you.

Dr. Zuber, you know, some have argued, and the President spe-
cifically, that there is no need for the United States to return back
to the Moon. The argument is basically been there, done that, and
you have heard that here today from people questioning that logic.
Do you agree with this assessment? Do you think there is anything
more that landing on the Moon could teach us?

Dr. ZuBER. Okay. So first of all, I say that my mission, GRAIL,
which is en route to the Moon, and the two spacecraft will arrive
on New Year’s Eve and New Year’s Day of this year, it is a NASA
discovery mission and it was the highest rated proposal of the two
dozen proposals submitted, both science and implementation, so
the scientific rationale was viewed by the scientific community to
be the best among the proposals that were submitted during that
round. So the science community feels that there was a compelling
reason to return to the Moon.

Mrs. ADAMS. And you also, I assume?

Dr. ZUBER. Obviously. But let me give you an example of one of
the many scientific questions that you could answer if you go back
to the Moon. If you look at the Moon in a telescope, it is heavily
cratered. It was bombarded by all the material that was left over
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when the planets formed. Earth used to look like that, but the
record isn’t preserved on Earth because it has been eroded,
subducted. It is not there. The craters aren’t there. But Earth was
that heavily cratered, and the age of this surface of the Moon at
the time that that occurred is about the same time that the first
single-celled organisms were arising on Earth. And so by studying
the Moon, we can learn about the Moon but we can also learn
about the conditions that must have also existed on Earth at the
time.

Mrs. ADAMS. So returning to the Moon is not useless then. I ap-
preciate that.

And Captain Cernan, Mr. Armstrong, how do we get NASA to
move forward with the solid mission if the authorization bill passed
last year and we are just now hearing of an SLS? Is there any way
that we encourage them to come forward with a solid mission, a vi-
sion, I guess, so that we encourage our young people, our youth to
get more involved again?

Captain CERNAN. Boy, that is a tough one. You have to recreate
a John F. Kennedy. Whether he was a dreamer or a visionary or
politically astute, we will never know. He was probably all three,
quite frankly, considering the times. I would like to believe he was
a dreamer and a visionary. I will let the politically astute go to his-
tory. And you don’t try and mandate to an Administration or to
NASA to do something. They may do it, but if they don’t believe
in it, they are going to do just what Mike said. They can slowball
it, do a lot of things. You have to have somebody, a commander-
in-chief who is giving the orders to move forward to believe and
commit himself and understand that this is one of the most impor-
tant things this Nation can do to maintain its leadership, and if
you look at the cost versus other things where we are spending our
money, Mike informed last night, 15 cents for every American in
the country. Fifteen cents it costs to support NASA’s budget.

Dr. GrIFFIN. Fifteen cents per day.

Captain CERNAN. Fifteen cents per day. Fine. You know, no one
understands what a half percent of our budget is, but people under-
stand that we are spending more money to feed the cat in this
country than it costs me to support the space program. I guarantee
you, if you put a little mark on that income tax thing that said
would you give 15 cents a day or a dollar or $10 of your tax return
to NASA to go back to the Moon, I guarantee you, you would have
enough money to go there and back twice. I just believe that. We
just don’t give our people a chance to express themselves because
they don’t know what it is for. They don’t have that goal, that des-
tination, that thing that is going to excite them and inspire them.

Chairman HALL. The gentlelady’s time has expired.

The Chair recognizes Mr. Palazzo, the gentleman from Mis-
sissippi.

Mr. PALAZZO. Thank you, Chairman Hall, for holding this hear-
ing today and inviting these distinguished panelists to come talk
to us. It is an honor to hear their testimony, and if ever the axiom
applied for Congress to listen to the people, well, we just need to
listen to you all today.

The cause of exploration takes time and has many stages. I
would like to get your opinions based on your years of experience.
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Commanders Armstrong and Cernan, based on your experience
during the Apollo program in particular, what is the value gained
in systems-level ground testing, especially the type of engine work
done at Stennis Space Center?

Mr. ARMSTRONG. In preparation for this hearing, I took the op-
portunity to discuss some of the questions that were provided to us
that would be of interest to the committee with the leaders of the
industry. They universally said that the cutting-edge programs
that typically NASA engendered were one of the most important
factors in their moving their industry forward and being competi-
tive on the world stage. They all believe that this was enormously
important to them and they were very concerned with the declining
amount of programs that they were seeing in the pipeline.

Mr. PALAZzO. Commander Cernan?

Captain CERNAN. I don’t want to avoid your question, but I think
I answered it a little while ago. Everyone who went to the Moon
came home. That is the value of ground testing. That is why we
are sending human beings, we are not sending—what was the
word—Dbiological specimens, as I heard from the commercial sector.

Mr. PALAZZO. A recent quote was “biological cargo.”

Captain CERNAN. You know, don’t worry about it, we are biologi-
cal cargo. That came from the commercial side. I feel a little bit
less secure about that statement. You know, I will give you an ex-
ample real quick. On Apollo 17, the LEM that we were flying was
the last LEM that Grumman was ever going to build, design and
test, and the guys who were testing, ground testing that vehicle be-
fore we went to the Moon, 90 percent of them already had their
pink slip, they were done, and they came up to me as a group and
said Captain Cernan, don’t worry about this LEM, it is the best
LEM and most ready LEM and most capable that has ever been
lifted off of Kennedy, and by God, they were right. And that goes
back to the inspiration of having a goal and motivation. Their goal
was to see us succeed and their ground testing made it possible
that we did.

Mr. PALAZZO. Thank you, sir.

Dr. Griffin, would you like to comment as well?

Dr. GRIFFIN. Well, I am the youngest engineer on the panel be-
cause I am preceded by my two older colleagues. I can only support
to the maximum what they say. When we don’t test adequately on
the ground, we usually find our flaws in flight, and unlike air-
planes, with rockets we often don’t get it back. As I remind some
of my friends from the software industry, in the space business,
afti:r a crash we can’t reboot. So I think the ground testing is cru-
cial.

I would remind everybody that at the present time, Stennis
Space Center is the last place in the country where we can conduct
large-scale rocket engine testing. When I was much younger, I test-
ed rocket engines at the rocket propulsion lab at Edwards, and
those facilities are now in decline. So this is an industrial base
issue, as Captain Cernan has referred to earlier, we need to be ex-
tremely careful because our industrial base is eroding before our
eyes.

Captain CERNAN. I have to believe that it is just important to Dr.
Zuber’s profession. She has got too much effort, too much time, too
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much money and too much at stake not to do what is right before
you find out you missed something.

Dr. ZUBER. We launched a Delta II heavy from Pad 17, and actu-
ally I was privileged to go up to the top of tower during the roll-
back, and we had to scrub the launch a couple of times due to
weather, and so by the third time that we went out, I was the only
one, aside from the crew, who was up at the top of the tower when
we pulled back, and when we pulled it back, we had the rocket in
front of us and the guys at the top said can we just sit here and
look at it a while because we are closing down this pad after this
rocket launches and I believe we are never going to see this sight
again.

Mr. PALAZZO. Well, thank you all for your commentary. I believe
it was somewhere in one of these hearings that someone said it is
better to be frustrated and being grounded instead of being up in
the air wishing you were on the ground. So thank you all for your
commentary.

I yield back.

Chairman HALL. I thank the gentleman.

At this time mentioning scrubbing some of the liftoffs, we have
in the audience Kate Kronmiller, who is a long time with USA. You
mentioned the ladies in your presentation. She was with USA.
They were the ones that say ten, nine, eight, seven, that saved the
lives of those who would have been endangered if they had lifted
off. Kate, thank you for all you have done.

The Chair now recognizes Mr. Brooks, the gentleman from Ala-
bama, for five minutes.

Mr. BrOOKS. Thank you, Mr. Chairman. It truly is an honor to
be in the presence of such an esteemed panel.

This question is directed at each of you who wishes to volunteer
a response. In your experience, is a NASA-led and -run human
spaceflight program crucial or important to America’s national se-
curity, and if so, how? Whoever wishes to go first.

Dr. GRIFFIN. Thank you, sir. Well, I think—I am on record. I
think that the Congress of 50-some years ago got it right with the
Space Act when they created a civilian space agency to lead that
effort. It has allowed us to conduct extraordinarily effective part-
nerships with other nations. In my mind, the greatest value of a
civilian human spaceflight organization is its national security
value, and I will just take a minute, because that is an odd com-
ment.

The United States is a world superpower. We are a world power,
and I think we want to continue to be. And in that role, we have
to do hard things. We have to do things that not everyone else in
the world wishes we did or likes that we did. It then behooves us
as a Nation—and I feel very passionately about this. It behooves
us to temper those things that we have to do by proactively looking
for things we can do to find common cause with other nations, to
bind us in alliances and partnerships for things people like to do.

Now, as especially Gene has said over and over, young folks,
even us older folks, love aviation and space. When we do exciting,
challenging, frontier-oriented space projects and do them in a lead-
ership role in concert with other nations to do things that they like
to do, this binds us to the rest of the world in a way which is only
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positive. There is no dark cloud around this particular silver lining,
and that in my mind only enhances our security, national security,
the security of our values and freedoms and culture in the world,
and if every dollar that had ever been spent on NASA in the civil
human space program were looked at solely from a national secu-
rity perspective, A, it would be a round-off error in the DOD budg-
et, and B, it would be worth every penny.

I am sorry to have taken so much time, but thank you.

Mr. BrROOKS. Well, I have another follow-up question, but if any-
one else would like to add something very quickly

Captain CERNAN. You have heard in national security, the high
ground is most important. In today’s world, the high ground is
technology. Technology is the high ground, and even more so than
the evolution, the development of technology, the space program
probably moved technology beyond whatever we imagined it could
possibly move and quickly, very quickly. And by the way, we did
so without the destruction of hundreds of cities and the loss of mil-
lions of lives.

So that is what we need to look at is the evolution of technology,
and if we are static, if we sit here and watch other people develop
technology, it is going to affect our economy, it is going to affect
the marketplace. It is not just going to affect our ability to go into
space. It is going to affect our way of life.

Mr. BROOKS. Thank you.

I was reviewing the written testimony of Mr. Armstrong, and one
paragraph really jumped off the page at me, and I am going to
quote it: “The uncertainties associated with the radical changes in
space plans and policies of the last two years contributed to a sub-
stantial erosion in United States’ historically highly regarded space
industrial base. Thousands of jobs have been lost, and the space
component of the industry is perceived as unstable, discouraging
students from considering preparing themselves for entry into this
exciting but demanding career path.”

In light of the relationship between a NASA-led and -run human
spaceflight program and national security, how does this loss of
space industrial base harm national security? Whoever would wish
to address that. Yes, ma’am.

Dr. ZuBER. Well, I would say surveillance and reconnaissance are
two of the prime things that are associated with national security,
and the same skills that are required to do that on the military
side are part of the human space program. Students are never
going to be inspired by things that go on on the dark side that they
will never hear about but they are certainly very inspired to de-
velop the technical and scientific skills that are necessary in the
civil space program.

Mr. ARMSTRONG. When security is an issue, it is generally be-
cause there is perceived threat of some sort, and those threats are
often directed toward weakness, and whenever any country has the
high ground, as Captain Cernan said, has the technology clearly in
hand, is on top of all the various disciplines and there are no per-
ceived witnesses, it acts as a prophylactic, a discouragement of pos-
sibly initiating actions that are in the security range.

Mr. BROOKS. Mr. Chairman, I see I have run over time, but may
I have 30 more seconds for a concluding remark?
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Chairman HALL. Without objection, the gentleman is granted 30
more seconds.

Mr. BROOKS. I grew up in Huntsville, Alabama, and with great
pride would feel the Earth shake and hear the boom and roar of
the Saturn V as it was tested, the very same Saturn Vs that sent
you gentlemen to the Moon, and I remember the day that you,
Neil, touched down on the Moon and the pride that I had as a teen-
ager in our country, and I pray that this committee and this Con-
gress and the White House will give future generations that same
feeling that I was blessed with with what you achieved.

Thank you, Mr. Chairman.

Chairman HALL. Well said, sir.

I have been told that another reason this is a national security
item is that we may be defending in the next war partially out of
space. I think that is to be remembered.

The Chair now recognizes Mr. Hultgren, the gentleman from Illi-
nois.

Ms. HULTGREN. Thank you, Chairman.

I just want to say, Mr. Armstrong, Captain Cernan, you are ex-
ceptional Americans, and you have, whether you know it or not,
been a part of, I believe, making America exceptional, and I just
want to thank you for that.

A lot of people try to remember their earliest memory. I am 45.
My earliest memory is standing in a playpen looking at a black and
white TV screen watching you land, and that is amazing, but I also
feel, as Congressman Brooks said, the pride and the challenge of
that of wow, look what we did. It wasn’t what you did, what we
did. I didn’t understand that then, but it went on with the entire
program, and so I just want to say thank you. We are so grateful.
And I know you are humble men and I am so grateful for that as
well, but I do want to thank you for all that you have done and
the sacrifices that you have made, the risks that you have taken,
but the impact that you have had on our Nation and our world. I
just want to thank you for that.

I do want to ask a couple quick questions. I know time is short
on this, but Dr. Griffin, I wondered if I could ask you just quickly,
you talked briefly about the Chinese. I am concerned about where
things are there. I know the Chinese Long March 5 rocket is in de-
velopment. I wondered if you could compare that to anything in the
American inventory of what we have. When it is built, is it really
larger than anything that we have built, and why do you think the
Chinese are building such a large rocket?

Dr. GRIFFIN. Well, the Long March is comparable in scale to to-
day’s Delta IV heavy or to the Ares crew vehicle, which we were
going to build and which was canceled, so it is on the order of, and
of course, until it flies regularly, we won’t actually know. But it is
on the order of 25 tons of payload to low Earth orbit, so it is not
in the class of, say, the Saturn V or the new space launch system,
but it is a very significant capability, and in fact, by launching and
rendezvousing four of those in low Earth orbit, it would be possible
for the Chinese to construct a manned lunar mission with no more
than that rocket and no more than Apollo technology, and I have
in fact in the past written up how that mission would work from
an engineering perspective. So with the Long March 5, the Chinese
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inherently possess the capability to return to the Moon should they
wish to do so.

Mr. HULTGREN. And you are saying we don’t have anything that
would be comparable to that, obviously, other than what had been
talked about?

Dr. GrIFFIN. Well, we have nice viewgraphs.

Mr. HULTGREN. Thank you.

One other question I would like to ask, Mr. Armstrong, Captain
Cernan. For a human space exploration program that we can be
proud of here in America, do you think a 130-metric-ton rocket is
big enough or would a bigger rocket be more appropriate? I won-
dered if while answering the question if you would consider the sit-
uation that we are in, the financial situation that we are in.

Mr. ARMSTRONG. As I said in my written testimony, that is not
really a new idea. Twenty-five years ago, roughly, the national
space strategy included building of a rocket of 136K tons, so appar-
ently the rocket design experts have sort of focused on that area
as being a reasonable range for most of the deep-space expeditions
that they have envisaged. It is certainly clear that you get economy
of scale with rockets, so the bigger you build them, the less expen-
sive the payload is. So if you have a need for a really big payload
in space, you could certainly probably conjure a need for something
bigger than 130 into low Earth orbit. My guess is that because
aeronautical and aerospace engineers are always able to stretch
airplanes and make them bigger, that they could also find ways to
take that basic spacecraft and make it haul a bigger load to orbit
by putting on more strap-ons or different upper stage or whatever.
It is probably doable.

Captain CERNAN. I am going to leave the experts to answer the
economy-of-scale problems in one thing or another because I am
not sure I am that smart, but my personal feeling is, when it comes
to going to Mars, we are going to have to extend ourselves with
some kind of propulsion system beyond something the size of the
SLS. The SLS can get the hardware up there, and this is me talk-
ing. I am unwilling to accept a nine-month trip to Mars and to
come back when the planets are aligned a year and a half later if
that is the case and nine months to come home, and I am also un-
willing to accept going all the way to Mars and not landing. So I
believe somewhere along the line that chemical propulsion—going
to the Moon is about the useful extent, I believe. Now, Mike may
disagree with me about the use of chemical propulsion. We are
going to have to develop a nuclear proton, some kind of other sys-
tem that gets us to Mars in 60 to 90 days that allows us to stay
as short or long a time as we want to stay and come home when
we want to come home. I think that is the real key and the real
secret to going to Mars. I think the SLS, that size of booster is
probably necessary, I would guess, to get the equipment and hard-
ware up there and get it on its way, but we can’t use the planets
and the gravity to coast like we did to the Moon. We coasted to the
Moon. We can’t do that going to Mars. We have to find something
better.

Dr. GRIFFIN. Just to add on, Captain Cernan is quite right. It is
possible to go to Mars with chemical propulsion but we really need
to revitalize our nuclear thermal propulsion programs.



56

Gene, when you flew to the Moon, we had a nuclear upper stage
that had been tested, was being tested, and the next thing it need-
ed was a flight test, and it was canceled. So that alone would have
made the difference. I am sorry to intrude but

Mr. HULTGREN. No, it is good. I appreciate that.

Well, my time is up, but again, I just want to thank you for all
that you have done, and this is personal for me. I have got four
kids, 17 to seven. I love all my kids. My seven-year-old, Cole, wants
to be a scientist, and I think he would love to be an astronaut. I
would like him to be able to do that from America and not have
to go to another country to be an astronaut, so this is so important,
this is personal, and I thank you for all that you have done and
you inspire us forward into the challenges that we have got to
make sure that we remain exceptional as a Nation, so God bless
you. Thank you so much.

Captain CERNAN. Can I get personal for 20 more seconds? Neil
and I were the tip of the arrow. It is these folks, you folks, and you
are here because you want to be. You are inspired because of space
and aviation. Thousands and thousands of people out there were
the strength behind the build. Tell your kids and every other kid
you ever see, tell them the guys who went to the Moon said always
shoot for the Moon because even if you miss, you are going to land
somewhere among the stars. That is all they need. That is all they
need to foster their dreams.

Mr. HULTGREN. Thank you.

Chairman HALL. I thank you. The gentleman’s time has expired.

The Chair recognizes Mr. Cravaack, the gentleman from Min-
nesota, for five minutes.

Mr. CRAVAACK. Thank you, Mr. Chair.

You know, it is rare that you have the opportunity to meet a
hero when you are a kid, and here I am in the presence of two of
them, so thank you very much for everything that you have done.

All these years, Mr. Armstrong, and watching that film, my
heart was racing. I knew the end of the story but at the same time,
you know, my heart was racing the whole time because I knew
what you had to do to get the LEM on the ground. So I appreciate
having that opportunity to share that with you.

Captain Cernan and Dr. Armstrong, you know, you hit the nail
on the head, at least for me, when you were talking, just momen-
tarily about inspiring the youth, the next generation, because you
were the guys who inspired me because at least when I grew up
there, it was a small town in Madeira, Ohio, where I flew your mis-
sion a million times in a refrigerator box with a chair on its back.
It eventually led me to becoming a Navy pilot, so I know we both
share the wings of gold there. So you inspired me to become a Navy
pilot, so thank you.

You know, space does inspire. It is amazing to me, probably this
phone has more computing power than the LEM did, and here we
are today. That is truly inspiring to know that this phone controls
more computing power than what it took for the vehicle to land on
the Moon. And I know that you are involved in a couple programs.
We were talking very briefly, Captain Cernan, down in Pensacola
about what you guys are doing down there. Could you expound
upon that a little bit, how you are inspiring the next generation?
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Captain CERNAN. Well, very quickly, we have had a program in
place for about 20 years. It is a $40 million private investment pro-
gram down in Pensacola at the Naval Air Station, not to make
naval aviators out of everybody, although we might make a few,
but to inspire young kids to dream, use aviation as the hook, get
their attention, make learning fun. You can teach a kid anything.
And we have a program down there called the National Flight
Academy, and you walk in the front doors and you are on a USS
Reagan or Truman or whatever carrier you want to be. You are im-
mersed in an aircraft carrier for a week, seven or eight days of
your time, and we hope when those kids come out of there they
now believe that they can become and do anything they want to do,
that they can make their dreams come true if they have some con-
fidence and faith in themselves and they are given the opportunity
by people like you and me. And this program is tied up with major
universities—Georgia Tech, Embry Riddle, Texas A&M, and soon
Purdue University. Neil and I have a personal attraction to Pur-
due, by the way. And that is the point. You have to start when they
are eight and 10 and 12 and 15 years old to get their attention.
That is what got your attention in that soapbox when you flew
Neil’s landing. I know this was a familiar scene. No doubt you have
done it before.

But we have to start now. We have to give these kids something,
and aviation and space is the something. The aviation will always
be there. There will always be new airplanes. There will always be
the Blue Angels. There will always be exciting things. But all of
a sudden, some of these kids—and I know, when you talk to them,
there is an emptiness and they don’t know what they are going to
go, and Neil said it a minute ago, do we have any use for the Neil
Armstrongs in the space program today? Do we? No, I think we can
create—send a lot of scientists and astronomers, and with all due
respect, send some of your colleagues over to the Soviet Union, put
them in a spacesuit, send them up to space, let them do their all-
important research, but until we have the capability to get our-
selves up there, we don’t need the Neil Armstrongs of the world
anymore. How important is Neil Armstrong to this country?

Mr. CravaAck. Well, I think we will always need Captain
Cernans and Neil Armstrongs to be that model that everybody will
try to become someday.

So I appreciate those comments, and Dr. Griffin, I have to echo
what Steve Palazzo said. You know, I would much rather be a pilot
on the ground wishing I was flying than being flying and wishing
I was on the ground. So, you know, it is very important that we
do a lot of these test models on the ground and I highly support
that, so I can only echo that.

I am going a little bit over time here but I truly believe that
there is a kid in a refrigerator box somewhere that is dreaming of
deep space, and that is who we need to get to, and those are the
engineers to build that program, to build that deep-space vehicle as
well. So thank you very much and I appreciate all you have done
for this great country of ours, and I yield back, sir.

Chairman HALL. The gentleman yields back. He used exactly five
minutes, the only one today. Thank you.
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The Chair recognizes, Mr. Benishek, the gentleman from Michi-
gan, for five minutes—five minutes.

Mr. BENISHEK. Thank you, Mr. Chairman.

I just want to say what a pleasure it is for me to be here and
listen to your testimony. It has been an inspiration to me. I remem-
ber where I was that day as well.

I am kind of curious about the nuclear propulsion thing that you
mentioned there before, Dr. Griffin. Do we have that kind of re-
search ongoing at this time?

Dr. GRIFFIN. No.

Mr. BENISHEK. All right.

Dr. GRIFFIN. I can say “no” in more ways if you like, but no.

Mr. BENISHEK. Well, I mean, I am concerned about our budget
and unnecessary expense but I do see the educational problems of
not doing this and maintaining the top edge of technology for
peaceful methods and for defensive reasons as well.

Dr. GRIFFIN. This is to the point of my comment in my oral state-
ment when I said do we want to have a real space program or not.
When you have grand goals that are very difficult to reach, it uni-
fies and mandates all of these separate pieces—crew vehicles, life
support, radiation tolerance, nuclear propulsion, atmospheric entry
technologies at high speed, greater producibility and
manufacturability, higher reliability, higher standards of manufac-
turing—all of these and many, many more things—the need for sci-
entific investigation, all of these are pulled together by the pursuit
of a goal which is out of your reach, and that is to me what a real
space program does.

Mr. BENISHEK. Does anyone else have a comment they would like
to make? Captain Cernan?

Captain CERNAN. Are you Czech?

Mr. BENISHEK. Yes, sir.

Captain CERNAN. Jak se mas.

Mr. BENISHEK. Thank you.

I will yield back the remainder of my time.

Chairman HALL. The gentleman yields back, and the very pa-
tient Mr. Posey, I recognize you for five minutes.

Mr. Posey. Thank you very much, Mr. Chairman, for recognizing
me, and thank you for allowing me to participate in this important
discussion.

The topic of this hearing, the future of human spaceflight, is
critically important to my constituents, and of course, it is an honor
to be here with our esteemed guests of heroes today.

My first real job was at Pad 17, as was our first panelist, and
Dr. Zuber, I am glad you got to be at Pad 17, which is there no
longer. As a young man, I got to work on the rocket ship that took
you to the Moon, Mr. Armstrong, and brought you safely back, the
third stage, Douglas subcontractor, and unfortunately, Mr. Cernan,
I was laid off before it was your turn to fly, me and a couple of
dozen thousand of our best friends.

But the future of spaceflight, human spaceflight, is critically im-
portant to the Space Coast that I represent. The economy, of
course, all politics being local, is inextricably intertwined with our
space program. The retirement of the shuttle program is a major
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blow, obviously, to the district, mine and Representative Adams’,
who has the adjoining district, and we share the space centers.

I was encouraged by the promise of the commercial crew, and I
think it is our greatest near-term hope for returning our astronauts
to low Earth orbit and the International Space Station. Commercial
crew, however, is both a needed commercial capacity and a NASA-
led exploration capacity needed in order to retain our standing as
the world’s greatest spacefaring Nation and also to retain our
dominance of the ultimate military high ground, which is space.
Space to us is what Golan Heights is to Israel, and it is ironic,
space and Israel are the two subjects I found here in Congress as
I have been here that are absolutely nonpartisan, where are no
party lines, even blurred. They are in step on both sides, thank
goodness.

After a contentious summer including the first-ever Congres-
sional subpoenas in NASA’s history, NASA at long last revealed
their initial plans for a space launch system that will carry the
Orion capsule into future exploration missions. While many of us
welcomed that announcement, the Administration has still not set
out an adequate vision, and I intended, except you have made your-
selves so very clear, all of you, in prior testimony, to get your posi-
tions on the necessity of us returning to the Moon, and I think—
correct me if I am wrong—all of you have been very explicit in
thinking that is a necessary step for this Nation. Am I correct? You
are all shaking your heads yes. Thank you very much.

I have got more questions than I am going to have time to ask,
but I am going to start with one that I am really curious about
with Dr. Griffin. Current NASA plans seem to suggest the use of
orbital fuel depots to enable exploration missions into deep space.
What are your views? Is this a practical approach as a substitute
for heavy launch vehicles, do you think?

Dr. GRIFFIN. Well, the short answer is no, but this time I will
expand on that just a little bit. I think it certainly requires more
study, but I think the onus is on those who want to advocate this
approach to show that it makes sense because, first of all, it flies
in the face of experience across all other transportation sectors that
humans have yet built. The conventional wisdom is reflected in
things like mile-long railroad trains. We don’t send two or three
cars. We have huge containerized shipping platforms. We try not
to send small boats. We use supertankers, not again small boats.
The air transport industry uses commuter jets for short-haul trans-
portation, but if you are going coast to coast or intercontinentally,
we are gravitating toward 787s and Airbus 380s. Either everyone
else is wrong or space transportation is somehow different or de-
pots just don’t make sense. So I am in the camp that says so far
I haven’t seen the argument from an engineer’s point of view that
they make sense.

Earth orbit is short-haul transportation, so therefore we need
smaller rockets appropriately sized to the crew vehicles we want to
do. That is the 25-metric-ton-class Ares I, or an equivalent, because
Ares I was canceled. If you want to go to the Moon or beyond, well,
that is a long trip. That is a big trip. The depot advocates will say,
well, 70 percent of what you need is fuel. Well, okay, but 30 per-
cent is not. Thirty percent is really big hardware. And so that is
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most easily accomplished by using a heavy lift launch vehicle. Well,
once you have it, once you own a heavy lifter, just as once you own
a supertanker or once you own a Boeing 787, well, then the econo-
mies of operation of those devices call upon you to use them as
often as possible.

As Mr. Armstrong pointed out earlier, all transportation devices
have economies of scale. Generally, the bigger that you can build
them, the lower your overhead. So no, I am not yet convinced—
strictly as an engineer, I am not convinced at all that the lowest-
cost approach to deep-space exploration has fuel depots as its an-
swer. I just don’t see it. I wish it did because obviously that would
make the problem much easier, so I wish it did. I just don’t think
it does. And I am primarily concerned that advocates of fuel depots
are trying to answer the question of, what kind of human space ex-
ploration is most suited to commercial space rather than asking the
question, how can commercial space best enable human explo-
ration.

Mr. Posey. Mr. Chairman, can I have one little follow-up?

Chairman HALL. Without objection, you can have a little.

Mr. PoseEy. Just address some comments. I love commercial
space, roots on the Thor before it was even the Delta where yours
were, and we need commercial space, but I am a little bit cha-
grined when people say that commercial space is such a threat—
or manned spaceflight, human spaceflight is such a threat to com-
mercial. As I recall, there has never been a NASA mechanic or
electrician that has assembled any of these rockets yet. I remember
going back to your Apollo rockets and we had Boeing in the first
stage, Lockheed in the second stage, Douglas in the third stage,
IBM with instrumentation unit, Grumman was the payload. I
mean, I think those are all commercial activities, and I think they
spawn commercial growth of other activities. And so just a quick
nod of the head agreement, disagreement.

Captain CERNAN. But it had insight and oversight, which com-
mercial space today, to my knowledge, does not have.

Mr. POSEY. And should have.

Dr. GRIFFIN. Well, sir, if I might add, if the development is being
done with public funds, then I think it is only correct to have over-
sight of government agencies into those developments. If a develop-
ment is being carried out on private funds and then the product or
the service is offered to the market for whatever the traffic will
bear, then I would pat them on the back and say good on ’em. But
if public funds are going to be involved in the development, then
there has to be public oversight to ensure proper responsibility and
accountability for those funds.

Chairman HALL. The gentleman’s time has expired, and the
questions are completed and I thank the witnesses for their very
valuable testimony and tell you that the Members of the Com-
mittee may have additional questions. If they do, they will submit
them to you in writing.

I want to ask Mrs. Kronmiller to express our thanks to Mike
McCulley, too, for his long years of service in the United Space Alli-
ance, USA.

We will ask you all to answer those questions in writing, and the
record will remain open for two weeks for additional comments
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from Members. And thank you, Ms. Johnson, for your input. I
thank all of you, you're good witnesses, Dr. Zuber and these three
gentlemen. This is the best hearing I have ever presided over. I
t}f}ank all of you for your good work, and God bless you, every one
of you.

We are adjourned.

[Whereupon, at 12:41 p.m., the Committee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS
Responses by Mr. Neil A. Armstrong, Commander, Apollo 11

Question submitted by Chairman Ralph M. Hall

®1. One underlying rationale of Apollo was the peaceful demonstration of American
ideals and technological prowess in a highly visible yet exceptionally difficult
undertaking. You experienced first-hand the world-wide adulation from success-
fully accomplishing such a monumental objective. It is often argued that
spacefaring nations, especially those with human space flight capabilities, enjoy
greater prestige and the advantages of “soft power” among the community of na-
tions. From your experience can you offer examples of ways the United States
beneﬁ'?tted in its interactions with other nations because of NASA successes in
space?

Al. America’s lunar landing achievement was widely perceived as a world achieve-
ment. An American friend of mine was the Consul General in Puerto Allegre, Brazil,
during the flight of Apollo 11. He invited a few American friends in to watch the
first lunar landing. About 200 people showed up (nearly all Brazilians) who, at the
moment of landing were shouting “We did it, we did it!” President Nixon told the
Apollo 11 crew that he had been able to get confirmed meetings with foreign leaders
that he had previously been unable to obtain. Astronauts are warmly welcomed in
almost any country. The American achievements in space seem to be universally re-
spected. It is my hope and my belief that this respect can prove synergistic to other
areas of respect and cooperation.

Questions submitted by Ranking Member Eddie Bernice Johnson

Q1. The recent loss of a Russian Progress vehicle and the ensuing grounding of the
Soyuz rocket underline just how fragile our access to the International Space
Station may be for at least five years. How concerned should Congress be about
that situation, and how much priority should be given to the 2010 NASA Au-
thorization Act’s direction for NASA to provide a government back-up capability
to service the ISS?

Al. For the first half century of American human spaceflight, we have always been
in charge of our own destiny. When we had problems, we had the obligation to work
our way out of them. It sometimes required additional time and money, but we were
in charge. We are now in the position of not being able to control our own destiny.
If access to low earth orbit and the ISS becomes unavailable for some reason, we
have no satisfactory options.

In response to Chairman Gordon’s question in conjunction with my testimony of
last year, I stated that America’s top human space flight priorities should be leader-
ship, guaranteed access, and an exploration focus. Consistent with the second of
those priorities, I believe Congress should do all in their power to guarantee safe,
reliable access to low Earth orbit and the International Space Station.

Q2. As Members of Congress, we are frequently asked why we need to send humans
to the Moon or Mars at a time when too many Americans are having trouble
finding a job and making ends meet. What should we tell our constituents—
what is it about human space flight and exploration that makes it worthy of the
resource commitments we are asking the American people to make? What would
be the impact of “pausing” until we got our fiscal house in order?

A2. Our nation’s expansion into new territories or new areas of endeavor has al-
ways been met with substantial opposition. The Louisiana Purchase was criticized
on financial, political, diplomatic, and even constitutional grounds. The acquisition
won House approval by only two votes. The acquisition of Alaska from Russia also
met fierce criticism on grounds of operating cost, geographic location, and inad-
equate population. It was known as Seward’s Folly. America was militarily unpre-
pared for both World Wars.

We should remember that up to the present time, we have spent no money in
space. It has all been spent on Earth and predominately domestically.

While, in comtemporary terms, job creation is a prime objective, the real question
asks whether this expenditure of taxpayer’s money will result in a long-term benefit
to the nation.

History suggests that it will. Opening new frontiers will engender new opportuni-
ties for our children and our children’s children. Hopefully the resultant economic
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opportunities will counteract the massive debt that they are inheriting from our cur-
rent deficits.

Question submitted by Congressman Mo Brooks

Q1. In your experience, is a government-run human spaceflight program crucial to
America’s national security? In addition, noting the presence of China, Russia
and others in space, is this Administration’s approach to a commercially oper-
ated human spaceflight program a threat to America’s national security?

Al. Leadership in human space flight ensures that the United States will maintain
the technological edge and international stature to respond authoritatively and ef-
fectively to a wide variety of security threats. Other nations do, indeed, direct and
operate their human space activities as a part of their military structure while we,
generally, do not. I am unable to predict how that will affect our national security
in the future.

The U.S. Military has, historically, acquired their weaponry and infrastructure
needs from our commercial industry using procurement procedures that protect that
nation’s security and financial interests. Some of the probable participants in the
commercially operated human spaceflight programs are very familiar with past
practices including procurement, technical oversight, and auditing. Newcomers to
this process advocate less such process and oversight in order to reduce cost and
improve schedule. The national security consequences, as well as the technical and
financial risks of these varying approaches, deserve the attention of the Administra-
tion and the Congress.
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Responses by Captain Eugene A. Cernan USN (ret.), Commander, Apollo 17

Question submitted by Chairman Ralph M. Hall

Q1. In your testimony you touched on the loss of leadership and national prestige
that occurred by the decision to retire the space shuttle without having com-
mitted to a credible alternative. Would you please elaborate on your concern?

Al. Mr. Chairman, with the unfortunate exile of our Space Shuttles to a future
in museums around the country, we find our nation without the capability to put
an American in space on American hardware for some undetermined time in the
future. I personally believe under the present circumstances we could very well find
ourselves in this position until the end of the decade. If I am correct, it makes the
decision to retire the Shuttle, the only operational vehicle the Nation has readily
available while still in the prime of its life—unconscionable. This opinion obviously
shows my lack of confidence that commercial space will be a credible alternative for
human access to low Earth orbit at any time in the near future. We are not only
abdicating our commitment to our Nation’s leadership in space, but additionally to
our international partners to service their needs and cooperative efforts on the
International Space Station. And, with this goes our national prestige and geo-
political influence that impacts respect from nations worldwide. Not to be over-
looked with the retirement of the Space Shuttles, we have lost a major element of
our national security as well as the capability to respond to ISS contingencies that
can only be handled by the Shuttle’s human and cargo payload capability. Nowhere
in the near term is there anything we can rely upon to replace them.

Questions submitted by Ranking Member Eddie Bernice Johnson

Q1. The recent loss of a Russian Progress vehicle and the ensuing grounding of the
Soyuz rocket underline just how fragile our access to the International Space
Station may be for at least five years. How concerned should Congress be about
that situation, and how much priority should be given to the 2010 NASA Au-
thorization Act’s direction for NASA to provide a government back-up capability
to service the ISS?

Q2. As Members of Congress, we are frequently asked why we need to send humans
to the Moon or Mars at a time when too many Americans are having trouble
finding a job and making ends meet. What should we tell our constituents—
what is it about human space flight and exploration that makes it worthy of the
resource commitments we are asking the American people to make? What would
be the impact of “pausing” until we got our fiscal house in order?

AI-2. Madame Chairman, without the Space Shuttle, now at the high point of its
productive life, available to service the requirements of the International Space Sta-
tion with both crew and cargo payload capability no other existing launch vehicle
can approach today, we are abandoning control of our own destiny. We are exposing
ourselves to a potential catastrophic failure onboard the ISS that might very well
occur at some time within its extended lifetime, perhaps only preventable by Shuttle
access to low Earth orbit. Should there be additional problems in the Soyuz launch
vehicle, and based upon history, we certainly can expect, or should there be solvable
problems aboard the International Space Station, we predictably know will occur,
without government back-up capability we put the Station and crew at undue risk.
It makes absolutely no sense in my mind to retire the entire Shuttle fleet, the only
operational vehicle America has available for perhaps the balance of the decade
without a reliable, proven capability as a back-up.

With the termination of the Constellation and retirement of the Space Shuttle,
we have today as many as 40,000 aerospace industry jobs presently at stake. Within
this number are highly qualified and inspired engineers, technicians, and other
highly motivated and quality individuals, most of whom are now forced to seek em-
ployment elsewhere—difficult at best while we find our Nation’s unemployment rate
at or above nine percent. Every penny America has spent in space over the past
half century has been spent here on Earth resulting in jobs at all levels, with an
evolution of technology resulting in new industries leading to new businesses which
in turn employ new workers.

Our investment in space has always been an investment in the future of this na-
tion, not only in technology which leads to a better life here on Earth but an invest-
ment in the future of our youth as well. Space has created a wealth of new opportu-
nities, development of new resources, created jobs and, perhaps most important, has
inspired our young people. The dreamers of today are the doers of tomorrow, and
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without dreamers and without doers, I believe our potential growth as a nation is
severely limited. It’s important to remember what we do not do today, will be done
by others tomorrow—as evidenced by the Chinese long-term commitment in space
today.

Question submitted by Congressman Mo Brooks

Q1. In your experience, is a government-run human spaceflight program crucial to
America’s national security? In addition, noting the presence of China, Russia
and others in space, is this Administration’s approach to a commercially oper-
ated human spaceflight program a threat to America’s national security?

Al. Congressman Brooks, I believe it’s absolutely essential to have government
oversight in a government-industry partnership committed to human spaceflight. A
half-century of experience has given us the insight to know what it takes in order
to accept the challenge of human spaceflight. We have paid dearly for our mistakes
so as to achieve the success history now records. As a testimony to the importance
of the courage, dedication, and commitment of all those who made it all possible,
it’s important to remember “all who went to the Moon came home.”

I sincerely do believe such oversight is extremely crucial to America’s national se-
curity. Five decades of America’s leadership in space is the result of such a relation-
ship with our aerospace industry. The exploration of space itself is too risky, too im-
portant, with too many unknowns where Americans finds themselves vulnerable to
a host of unknown problems to blindly turn it over to a commercially operated
human spaceflight program with little or no track record. I believe this Administra-
tion has turned its back on its responsibility to the Nation and is expressing an un-
acceptable level of ignorance and disregard by not acknowledging the active pres-
ence of both China and Russia in their plans for access to near Earth orbit as well
as future dominance in deep space exploration.
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Responses by Dr. Maria Zuber, E.A. Griswold Professor of Geophysics
and Head of the Department of Earth, Atmospheric and Planetary Sciences,
Massachusetts Institute of Technology

Questions submitted by Chairman Ralph M. Hall

Q1. How would the availability of a heavy lift launch capability support or augment
space science missions?

Al. NASA’s science missions do not require the significant launch load capability
associated with a heavy lift launcher such as the proposed Space Launch System,
but nonetheless the development of a heavy lift capability will be beneficial for
science missions. First, the heavy lift development is essential for the human pro-
gram that represents a significant fraction of the NASA technology investment. A
strong technological base is critical for the NASA science missions to thrive, both
in terms of a critical mass of workers highly trained in space technology, and for
the development and testing of space-qualified parts and components. The imple-
mentation of human space exploration using the heavy lift capability also has sig-
nificant potential to advance NASA science missions. When humans travel to des-
tinations beyond Earth to explore, they will be able to deliver and deploy science
payloads in places that robots cannot currently access. Deep drilling beneath plan-
etary surfaces is one example of a scientific endeavor that would be enabled by the
heavy lift capability.

Q2. What is the role of human space exploration in inspiring your students? What
aspects of exploration interest them the most?

A2. A human presence in space is certainly one of the most inspirational endeav-
ors, particularly for young people. When children dream, the scope of their imagina-
tion knows no limits. The word “impossible” is not in their vocabulary. They are at-
tracted to the greatest challenges. At present, students are most attracted to the
challenge of sending humans to Mars. While this goal will not be achievable any
time soon due to economic challenges, bright students will continue to be attracted
to space exploration as long as there is positive progress towards this goal. The de-
velopment of a heavy lift capability is an important first step in providing a new
sense of purpose to the human space program.

Questions submitted by Ranking Member Eddie Bernice Johnson

Q1. In space exploration, how valid is the old adage, “It’s about the journey, not the
destination?” If so, how can we sustain interest and support for a building block-
type exploration program?

Al. If the adage is interpreted broadly, there is considerable merit to it, far less
so for a literal interpretation. The actual cruise to a destination, aside from launch,
approach, and other critical maneuvers, is unlikely to sustain the highest level of
public interest. But the development of the technology required to undertake a jour-
ney of exploration, including robotic reconnaissance, stands a much greater chance
of engaging the public. The emphasis on the importance of high-tech jobs with ex-
traordinary skills required to achieve challenging plans needs to be kept in the fore-
front of public discussion. Inspirational leadership is crucial for underscoring the
importance of the mission.

Q2. What are the potential benefits of the SLS and MPCV architecture for enhancing
the capabilities of NASA’s science program, and vice versa?

A2. The Space Launch System and Multipurpose Crew Vehicle collectively con-
stitute the technological space infrastructure that will form the basis for the next
phase of NASA’s human exploration of space. When humans achieve the flexibility
to travel to destinations beyond Earth, astronauts will be able to carry science ex-
periments to sample the surfaces of solar system bodies as well as to make observa-
tions of interplanetary space. Particular benefit will derive from activities that do
not fall within the current capability of robotic missions. Deep drilling beneath plan-
etary or asteroidal surfaces is one example. Another is deployment of complex struc-
tures such as solar cells or antennae in deep space; such deployments have been
demonstrated in low-Earth orbit during construction of the International Space Sta-
tion.

Q3. Based on your experience in leading the GRAIL mission, could you comment on
any aspects of NASA mission projects that may lend themselves to improvements
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or efficiencies without compromising safety and can be incorporated in human
exploration projects?

A3. Following best practices and engaging independent scrutiny are demonstrated
ways of assuring a standard of engineering discipline that allows very complex sys-
tems, like spacecraft, to operate successfully. But over the course of GRAIL’s devel-
opment, I was shocked at how many things were done because they were always
done that way rather than for any good reason that it contributed to increasing safe-
ty or lowering risk. I think it is very important to periodically review practices to
assure that steps taken are actually increasing safety. My experience is that
projects are being absolutely crushed by both oversight and paperwork that is tak-
ing time and resources away from studying the system to try to uncover potential
problems. Whenever someone in the management chain gets nervous, more reviews
get added; none ever seem to go away because they aren’t adding sufficient value.
Tabletop reviews populated overwhelmingly by technical experts who understand
the system in question were exceedingly helpful to GRAIL. An important thing to
remember in both the robotic and human space program is that more oversight does
not necessarily make a mission safer. Ascertaining whether various forms of over-
sight are really reducing risk should be an integral part of project management.

Q4. How can NASA, in practice, stimulate and inspire our students? Is it through
advanced technology projects related to future human exploration of Mars, the
scientific research to support future human exploration, or through simulation
projects and prize competitions? Are we talking about large dollar amounts for
these efforts? How can we best channel and sustain the unbridled enthusiasm
and intellectual curiosity of our students?

A4. The students at all levels with whom I interact are most interested in human
exploration of Mars, but they are also interested in other destinations that challenge
and excite them. The factor that seems to be most important to them is that the
United States maintains a commitment to support an active and forward-looking
space program. Realistically, such a program needs to have both human exploration
and science components. While there are many students interested in the scientific
part of the program, diminished support for human spaceflight is interpreted as a
retreat in leadership in space exploration.

Projects and prize competitions are useful in engaging students; indeed, such ac-
tivities are often influential (as are internships and other summer jobs) in exposing
students to the exciting challenges in science and engineering. But students will
also be asking where the jobs are when they graduate. Experience shows that only
a small fraction of students who were motivated to study science, mathematics and
engineering will end up working for the space program. But they do have an expec-
tation that there will be challenging jobs somewhere in the country that will allow
them to put their technical and scientific skills to work. The mission of NASA needs
to be matched to its resources. NASA should not have political mandates to achieve
goals that are inconsistent with its ability to implement.
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Responses by Dr. Michael D. Griffin, Eminent Scholar and Professor,
Mechanical and Aerospace Engineering, University of Alabama in Huntsville

Questions submitted by Chairman Ralph M. Hall

Q1. In your testimony you have a budget table that illustrates that between 2009 and
2016 some $50 billion has been removed from the Administration’s human ex-
ploration budget requests and projections. Our hearing charter and your testi-
mony both point out that the Administration has failed to heed its own Augus-
tine Commission recommendations regarding the minimum level of funding nec-
essary to have a human space exploration program worthy of a great nation. If
the present budget is insufficient, what budget is needed?

Al. At a time when the NASA budget was about $19 billion annually, the Augus-
tine Committee noted that an increase of approximately $3 billion/year was needed
to fund a robust human exploration program while maintaining the International
Space Station and our Science programs. This would have taken the agency to a
level of approximately $22 billion in annual funding. If provided with this budget
along with consistent, purposeful direction and stable, competent management, our
Nation could accomplish a return to the Moon and the initial establishment of a
lunar base by the early 2020s, even despite all the damage which has been done
over the last nearly three years. To put this figure in perspective, I will note that
the FY 93 NASA budget, the last under President George H. W. Bush, provided
$14.323 billion. If this budget level had simply been maintained level in constant
dollars, today’s NASA budget would be approximately $21.6 billion, assuming the
2.3% annual inflation which is characteristic of OMB projections. Thus, the Augus-
tine Committee was merely recommending a return to the budget levels in place at
NASA prior to the gradual decline which was implemented during the Clinton Ad-
ministration and which was halted, but not reversed, during the Bush Administra-
tion. It is clearly affordable, and if provided would allow real progress to be effected
at NASA.

Q2. The Exploration Systems Architecture Study resulted in a human space explo-
ration framework that not only included missions to the Moon but also estab-
lished a lunar outpost. You recently presented a paper to the 62nd International
Astronautical Congress which suggested commercial benefits of a lunar outpost.
Would you please elaborate on some of the economic, scientific and strategic ra-
tionales for an outpost?

A2. My point with that paper, which is provided along with the present comments,
was that even an elementary fiscal analysis will show that the cargo and crew logis-
tics market for the International Space Station is insufficient, even under very gen-
erous assumptions, to generate a “closed” business case for commercial space trans-
portation providers. Thus, something more is needed if the nation is to stimulate
the development of commercial space capability in a serious manner.

The same analysis shows that “something more” could be a lunar base. The cargo
resupply market for even an initial, four-person lunar base offers a sufficiently large
market that at least two suppliers could be sustained by this government market
alone, without incurring the enterprise risk of losing crew in an early accident. This
last concern is of particular importance, because with the U.S. government allowing
itself to rely upon commercial crew transportation to ISS, “enterprise risk” to the
company is also enterprise risk to U.S. sustenance of ISS itself.

Volumes have been written about the potential utility of a U.S.-led, internation-
ally developed lunar base. I am not sure that I can add significantly to the discus-
sion, except possibly by posing the following thought experiment. Let us suppose
that the U.S. does not redevelop the capability to go to the Moon and does not estab-
lish a permanent lunar base. At some point, China will develop this capability; all
present signs point to a date not later than the mid-2020s for such, and quite likely
sooner. I then ask: what does the global stature of the United States look like on
the day after the Chinese land on the Moon, and we cannot do so? Do we think that
other nations still regard the U.S. as the global leader in science and technology?
Do we think that their view will affect their preference for executing deals and
forming ventures with China vs. the U.S.? Do we think these preferences and
choices will affect U.S. economic and national security interests in the world at
large? I submit that the answers to these questions are obvious and unfavorable.
When we look at the cost to the United States of not establishing a lunar base, the
choices for our future in space are clear.
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Questions submitted by Ranking Member Eddie Bernice Johnson

Q1. Now that the Administration has finally given NASA the go-ahead to proceed
with the SLS and MPCV, how do we ensure that they avoid the fate of the Con-
stellation program? What does Congress need to look for to determine whether
or not the initiatives are going off the tracks once they are underway?

Al. It must be understood that the present Administration does not want to exe-
cute the SLS program, despite their signature on the 2010 NASA Authorization Act.
Thus, it behooves the Congress to pay close attention to the program to verify that
work being done under the auspices of the SLS program does in fact pertain to SLS
development, and that it is central to such development rather than “on the mar-
gin.” There is real danger that the Administration will manage the program in such
a manner that because of bureaucratic bloat and lack of focus, it becomes a legiti-
mate target for cancellation.

Q2. What is needed to help the program maintain momentum and maximize the pro-
gram’s inspirational value within the context of an incremental approach to
human exploration?

A2. Tt is not widely understood that NASA has received as much money, in “real”
or inflation-adjusted dollars, over the last 15 years as it received during its first 15
years, 1959-1973, a period which nicely encompasses the Apollo program and its es-
sential precursors, Mercury and Gemini. The fact that we are justifiably proud of
that seminal period in NASA and the nation’s history, and the fact that the results
of that time were purchased with no more money than we are spending today, indi-
cates that the problem facing our space program is one of focus, purpose, and strat-
egy rather than one of budgetary exigency.

It is true that in the time of Apollo, most of the funding necessary to accomplish
the lunar landing was provided over a very short period, 1962—-1966, with reductions
thereafter as development was completed and operations were undertaken. Today,
NASA’s funding is relatively stable, so a major development “peak” in funding is not
to be expected and, in fact, is not desirable. It is much more beneficial in the long
run for NASA and its managers to be able to depend upon stable, consistent funding
to accomplish a stable, consistent goal—the expansion of the human range of action
in space. To this end, an incremental development approach to the re-establishment
of our Nation’s lunar mission capability is highly desirable—if only we can agree
as a Nation that this is the fundamental near-term goal of our space program, and
cease the current practice of “moving the goalposts” every time a new president
takes office. When our Nation’s youth understands that American leadership in
space is, and will remain, a national priority, we will have all of the “inspiration”
from the space program that is needed.

Q3. What, in your view, are some key lessons lerned from Constellation that the SLS
and MPCYV programs should heed as we begin to focus on ther implementation?

A3. The primary lesson that was being re-learned by NASA during Constellation
development was the need to thin the ranks of the decision bureaucracy involved
in managing the program. Not everyone who wants to be involved in SLS or MPCV
should be allowed to do so. The expediency of decision making can be substantially
improved if smaller management teams can be employed.

Q4. You conclude in your prepared statement that the present budget request for
NASA is insufficient to accomplish any reasonable program of human explo-
ration. If that is the case and constrained budgets are likely for the foreseeable
future, what are Congress’s options?

A4. In the absence of a clear sense of purpose for the Nation’s human spaceflight
program, the Science Mission Directorate at NASA has experienced substantial and
excessive growth over the years. From an average of 17% during the Apollo years—
hardly a period devoid of scientific accomplishment in space—NASA’s science mis-
sion budget has grown to over 35% of the agency’s portfolio. The development of
human spaceflight was NASA’s founding purpose, and should remain its central
theme. In a time of constrained budgets, it is past time to reduce the fraction of
the NASA budget that is devoted to robotic missions to a level that is consistent
with the agency’s fundamental purpose—the expansion of the human space frontier.

Q5. Your statement raises concern about the small amount of oversight exercised by
NASA over companies participating in CCDEV-2, a preliminary commercial
crew concept development effort. Does the just-announced new model for follow-
on commercial crew development, where NASA uses normal government con-
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tracts and not Space Act Agreements, address your concerns about oversight? If
not, what more needs to be done?

A5. The now-planned use of FAR contracts rather than Space Act Agreements—
if maintained—does somewhat reduce my concern about the lack of NASA insight
and oversight on proposed new human spaceflight systems. However, the funda-
mental dichotomy still exists. These new developments are being touted as “com-
mercial,” but in fact are not commercial in any customarily accepted sense of the
word. Front-end government funding is being provided to selected developers, who
are pursuing their own designs to their own standards and who are objecting to the
level of oversight and control that is normally expected to carry out development
of new systems with public monies. While it is certainly true that private funds are
also being invested to carry out these developments, the appropriate management
approach to governing these “private-public partnerships” has yet to be dem-
onstrated. I believe there to be a legitimate concern that the U.S. Government will
be left with the responsibility for anything of a fiscal or technical nature which goes
wrong, without having the necessary level of control to balance that responsibility.

Questions submitted by Congressman Mo Brooks

Q1. Under what circumstances is a commercial human spaceflight program viable
and more cost-effective than a government-run human spaceflight program? If
so, how long do you think it will take for the commercial industry to become
a vibrant and reliable substitute for human access to low Earth orbit, and will
this approach lengthen the amount of time that America is reliant on the Rus-
sians and others?

Al. A commercial offering of almost any product or service that can be provided
“commercially”—meaning without government involvement save as a purchaser—
should in my experience always be more cost-effective than its government-fur-
nished equivalent. But that is not the point in question in today’s debate over space
policy. We do not use government because it is “efficient” according to any cus-
tomary sense of that word. We use government to provide goods and services which
the commercial sector is unable or unwilling to provide, or when such goods and
services are judged to be of a crucial and strategic nature, such that society’s de-
pendence on the private sector to furnish them would be unwise. Many such exam-
ples exist; i.e., the U.S. Marines are government employees, not mercenaries, for
reasons of this nature.

A similar situation exists with spaceflight today. While there is no doubt—none—
that private sector engineers and managers are fully capable of developing human-
rated spaceflight systems without government oversight, direction, and control,
there is no apparent commercial market for such systems, and so the only “cus-
tomer” is NASA; i.e., the U.S. Government. In such cases, the free market typically
will decline to invest in such developments, quite logically leaving the development
of systems intended for public use to be accomplished with public funds.

What we are seeing today is an arrangement proposed by the present Administra-
tion whereby front-end government funding is to be provided to selected developers
who will, supposedly, furnish human-rated space systems for U.S. Government use,
but over whose design, development, and operation the government—i.e., NASA—
will have little effective control. NASA will not own the vehicles nor the intellectual
property behind them when (or if) they are completed and, having paid to develop
them, will then have to pay for their use. This is not a “commercial” business ar-
rangement in any conventional sense, and in my view leaves a significant gap in
the chain of public accountability which is normally expected of those who accept
public funding for their enterprise.

Q2. With regards to funding for the Space Launch System, are the goals that Con-
gress has set for NASA achievable, in the event that NASA refrains from “tax-
ing” the program by diverting funds to unrelated and currently irrelevant pro-
grams?

A2. Yes.

Q3. With regards to the development of the Space Launch System, the word “simul-
taneous” in the FY 2011 CR bill language would be understood by most people
as meaning that actual hardware work would occur on the upper stage. NASA
gave me the impression that the upper stage hardware work would be delayed.
Don’t hardware and other components for any stage actually require awarding
contracts two-three years ahead of time? I am concerned that NASA is not fol-
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lowing Congressional intent and that delaying upper stage work will actually
make it cost a lot more to the taxpayer when it is finally done.

A3. You are correct. NASA (actually the Administration) does not actually want
to build the SLS. The behavior you cite is evidence of that fact. NASA is in fact
not adhering to the intent of Congress in this matter.

®4. Has NASA made any progress on developing technologies/systems for the next
generation of launch vehicles/spacecraft, and if pressed, how soon could these
be integrated into a system capable of sending U.S. astronauts to space?

A4. NASA does not need to, and has not, developed new technologies for launch
vehicles at the present time. What is needed is to utilize technologies we already
have to restore systems and capabilities we have lost. If we followed this path, we
could restore NASA’s capability to get people into space to support ISS operations
within four years, and could return to the Moon within a decade.
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Letter to Mr. Neil Armstrong .
September 20, 2011
Neil A. Armstrong

]
k]
Dear Mr. Armstrong,

The Students fer the Exploration and Development of Space (SEDS) is the nation’s largest
entirely student-run organization dedicated to space. Over the past year, as many
individuals have offered their opinions on the best way for the US government to foster the
next stage of space exploration, a critical perspective has been missing from this
conversation: that of America’s current students. Since we, as students, will be asked to
implemert the space programs of tomorrow, we thought it would be useful to add the
student perspective to the nation’s current space policy conversation.

So last March, our organization put together a letter, signed by over 300 of America’s
brightest college students in 'space-related fields from over 35 universities, to express the
opinion of college students on the future of U.S. human spaceflight.

We understand that you have been asked to speak to the House Science Committee of the
U.S. Congress this week, and we would be honored if you would carry with you some of the
messages that we 300 students put forth in our letter. The letter is attached for you to read.
We would also of course welcome any comments that you might have. Thank you for your
time and consideration.

Sincerely,

Rick Hanton .
Chairman, Students for the Exploration and Development of Space, USA
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Letter from College Students regarding the Future of Human Spaceflight

March 31, 2011

Dear President Obama and Members of Congress,

This year, as we celebrate both the fiftieth anniversary of human spaceflight and the
accomplishments of the retiring Space Shuttle flegt, the exploration of space remains as
critical as ever. Over the past year, many groups have offered their opinions on the best
way for the US government to foster space exploration. However, one critical perspective
has been missing from this conversation: that of the next generation. We, the signatories of
this letter — 30C students from universities and colleges across the nation — are writing
you today to ensure that our voice is heard in this ongoing discussion.

We are the ones who will be most affected by the decisions you make today. We are
undergraduate and graduate students working hard to prepare ourselves for fulfilling
careers as leaders and productive members of the civil, military, and commercial aerospace
industries. We are the astronauts, engineers, scientists, and entrepreneurs of tomorrow. .

We urge you to consider the following recommendations as you make the key decisions
that will chart out the future of our nation's space program:

Everyone wins when NASA partners with the commercial spaceflight industry.

NASA always has been and, we hope, always will be the world’s leader for human
spaceflight. No other organization can boast of the accomplishments or the institutional
legacy of NASA. However, NASA nesd not be the only way for people to get to space.

We believe that companies in the commercial spaceflight sector such as SpaceX, Virgin
Galactic, and Blue Origin offer huge opportunities for us as students, and for our nation.
Many of us are eagerly applying to work at companies in the commercial and
entrepreneurial space sector. We do so partly because we are excited by their “Silicon
Valley” spirit of innovation, their inspiring founders—Elon Musk of Paypal and Tesla Motors,
Sir Richard Branson of the Virgin Group, Jeff Bezos of Amazon—and their fast-paced work
environments. But we are also interested in working at these companies because we are
greatly encouraged by the prospect of a future where these companies work alongside
NASA.
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We strongly believe that NASA and the nation both benefit greatly from investing in
commercial spaceflight programs that will allow astronauts to fly on commercial vehicles;
and we urge you to fully fund and support those programs. They offer a win-win situation:
we ensure that the nation has a way--or, better yet, several independent ways--to get its
astronauts into space following the impending retirement of the Space Shuttle, while the
commercial sector will benefit from the support of NASA to grow faster and to hire more of
us future graduates.

Open the space frontier to all. ]

For fifty years, NASA's astronauts have been heroes to the nation. We share that respect
and admiration for the hardworking men and women of NASA’s astronaut corps. However,
access to space must not be limited just to this small group of people. Nearly all of us grew
up wanting to be astronauts, and NASA should play a role in ensuring that that dream is
open to all of us.

NASA and the US government can help make this dream a reality by doing two things: re-
invigorating NASA's rcle as a technology development engine focused on advanced
concepts, and fostering American businesses focusing on safely taking humans to space.
The technology that gets us to space today is essentially the same as what carried John
Glenn to orbit decades ago; and, if given the appropriate direction, NASA has the talent to
develep breakthrough new technologies that will dramatically increase the human presence
in the solar system. At the same time, commercial space companies large and small are
developing routine, safe, low cost vehicles that will allow many more of us to become
astronauts, payload specialists, and passengers. We urge you to embrace the commercial
spaceflight industry and help fulfill the dreams of so many Americans who want to fly to
space, whether for pleasure, for business, or for service to their country.

Allow NASA to explore the solar system again by embracing commercial spaceflight.
The International Space Station (ISS) is an amazing and unprecedented laboratory. It
represents the culmination of decades of hard work and billions upon billions of dollars. With
ISS just beginning to fully deliver on its promise, it is criticai that we keep the station in orbit
and in service. At the same time, we as a nation are also called to turn our attention beyond
ISS. We are united in believing that, by embracing commercial spaceflight and thereby
reducing costs, NASA can refocus its exploration program to look beyond Earth’s orbit.

Whatever the destinations--the Moon, Mars, and the asteroids each hold their own appeal--
what is important is that NASA be directed to send humans to explore our solar system, and
to do so not on brief sorties but as part of a sustained exploration effort that constantly
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expands our knowledge and opens us up to new technologies and new opportunities. We
are not a generation motivated by just flags and footprints; we desire exploration that is both
inspirational and financially sustainable, and that will open up the solar system for
exploration on a grander and more exciting scale than ever before.

This goal can be achieved by using new technologies achieved by NASA as well as new
commercial vehicles being built by a wide range of American companies. Already,
commercial firms are developing the capacity to deliver cargo and crew to ISS and to
robotically explore destinations like the surface of the Moon. We urge you to direct NASA to
use these commercial services wherever possible and to take advantage of the cost
savings they offer to push ever further out into the solar system. NASA’s mission isn't to be
stuck circling in Low Earth Orbit; NASA should be exploring the frontier and developing new
technologies.

Commercial companies will help grow tomorrow’s workforce through inspiring STEM
outreach and hands-on training.

Many people have spoken about the need to encourage more students to pursue careers in
science, technology, engineering, and mathematics (STEM). As students, we believe that
commercial companies—benefiting from the promotional resources and public attention that
private firms command—uwill do a spectacular job of inspiring the next generation of STEM
professionals. After all, what could be more inspirational than telling America’s youth that
they will have the opportunity to go to space themselves; not just a handful of the most
talented and fortunate, but all of them who desire to do s0? The prospect of working for
these firms or going to space using their vehicles and services will inspire a new generation
of engineers and scientists to take the most challenging classes in school and to develop
new technologies and experiments that will make a positive difference in the world.

The low costs and high flight rates offered by commercial spaceflight providers also present
a unique opportunity to allow students the chance to work on real projects that are flying to
space. It is critical that students begin to acquire hands-on experience to complement our
classroom studies, and commercial space flights allow low cost, low risk, and frequent
opportunities for young scientists and engineers to develop real space hardware.
Commercial spaceflight can play a key role in giving studénts valuable experience that will
make us more productive members of the space exploration community or any other high
tech field.

Conclusions
Thank you for your consideration of our thoughts on this important subject of human
spaceflight. Here’s a final story worth considering: as NASA inspired and amazed the world
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by lariding humans on the surface of the Moon in the late 1960s, the average age in
NASA’s Mission Control was only about twenty-eight. People not much older than we are
now played an enormous role in one of the crowning achievements in the history of the
world. We believe that if NASA is refocused on developing new technology and on
operating in partnership with the emerging commercial spaceflight sector, the youthful
energy and excitement that allowed the Apollo missions to inspire the world and to reach
unprecedented success will be rekindled. These commercial firms are the places we as
students are most eager to work; and that enthusiasm is spilling over to NASA as the space
agency begins to partner with this new industry.

The decisions you make today will decide whether we as a nation truly progress forward
with our space expioration endeavors, or whether we lose out on the promise of the

moment. We thank you for allowing us to make our opinions heard.

Sincerely,

The following list of students from universities nationwide:

Aaron M. Valentine .
Class of 2014: BS, Mechanical Engineering, Rensselaer Polytechnic Institute

Adam Yozwiak
Class of 2011: BS, Electrical and Computer Engineering, Cornell University

Adela Wee
Class of 2014: BS, Mechanical Engineering, Olin College of Engineering

Akash Shah -
Class of 2014: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Alan J. Carey
Class of 2013: BS, Aeronautical Engineering, Rensselaer Polytechnic Institute

Albert 8. Gore
Class of 2014: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign
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Alex Downs
Class of 2012: BS, Aerospace Engineering, University of Central Florida

Alex Whittemore
Class of 2012: BS, Electrical Engineering, Boston University

Alexander Muroyama
Class of 2012: BS, Mechanical Engineering, University of Maryland

Alison Bradbury
Class of 2013: BS, Systems Engineering, University. of Arizona

Andrew Harner
Class of 2011: MS, Aercnautics and Astronautics, Stanford University

Andrew Heine
Class of 2013: BS, Engineering with Mechatronics, Olin College of Engineering

Andrew Hermann
Class of 2013: PhD, Agricultural and Environmental Engineering, Purdue University

Andrew Reed Stewart
Class of 2011: PhD, Aerospace Engineering, Princeton University

Anna Ho )
Class of 2014: BA, Undecided, Massachusetts Institute of Technology

Anson R. Koch
Class of 2013: BS, Aeronautical Engineering, Rensselaer Polytechnic Institute

Asa Eckert-Erdheim :
Class of 2014: BS, Systems Engineering, Olin College of Engineering

Ashley Chandler
Class of 2012 PhD, Aeronautics and Astronautics, Stanford University

Ashley Clark
Class of 2011: MS, Aeronautics and Astronautics, Stanford University
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Ashley Sng
Class of 2014: BS, Aerospace Engineering, University of lllincis at Urbana-Champaign

Asif Yeahia
Class of 2011: BS, Aerospace Engineering, University at Buffalo

Atray Dixit
Class of 2012: BSE, Mechanical and Aerospace Engineering, Princeton University

Balakumar Vasudevan
Class of 2012: MS, Computer Science, University at Buffalo

Barbara Hendrick
Class of 2012: BSE, Mechanical and Aerospace Engineering, Princeton University

Barry Solomon
Class of 2012: MS, Aerospace Engineering, University of Maryland

Ben Chapman
Class of 2014: BS, Mechanical Engineering & Sustainability, Olin College of Engineering

Ben Kroop .
Class of 2014: BS, Engineering, Olin College of Engineering

Benjamin Asher
Class of 2012: BS, Aerospace Engineering, Embry-Riddle Aeronautical University

Benjamin Crawford
Class of 2012: BS, Astronomy, University of Arizona

Benjamin Pantzis
Class of 2012: BS, Computer Engineering, University of Florida

Benjamin Richman
Class of 2011: MS, Aerospace Engineering, University of Alabama in Huntsville

Benjamin Wicher
Class of 2012: BS, Mechanical Engineering, University at Buffalo
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Blaze Sanders
Class of 2012: MSE, Electrical Engineering, Johns Hopkins University

Brandon Seifert
Class of 2014: BA, Undeclared, University of Colorado, Boulder

Brenda Scheufele
Class of 2012: M.Eng, Aeronautics and Astronautics, Stanford University

Brett Rowley )
Class of 2014: BS, Mechanical Engineering, Olin College of Engineering

Brian Jennings
Class of 2012: BS, Aeronautical and Mechanical Engineering, Rensselaer Polytechnic
Institute

Brian Moore
Class of 2013: BS, Biomedical Engineering, Texas A&M University

Brian Senta
Class of 2011: BS, Physics, University of lilinois at Urbana-Champaign

Brian Shiro
Class of 2010: MiS, Space Studies, University of North Dakota

Brian E. McDaniel
Class of 2011: BS, Engineering Physics, St. Louis University

Brittany Torgrude
Class of 2013: BS, Engineering Management, University of Arizona

Bruce Davis
Class of 2012: PhD, Aerospace Engineering, University of Colorado, Boulder

Bruno Lesage
Class of 2012: MS, Aerospace Engineering, University of Colorado, Boulder

Bryan Chan
Class of 2011: MS, Aeronautics and Astronautics, Stanford University
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Bryan Cannon
Class of 2012: BSE, Neuroscience, University of Michigan

C. Augustus Huebner
Class of 2013: BS, Aerospace Engineering, Virginia Tech

Cameron Crowell
Class of 2012: BS, Aerospace Engineering, Virginia Tech

Carissa Walker
Class of 2011: BS, Aerospace Engineering, University of lliinois at Urbana-Champaign

Carl Stephens
Class of 2013: MD, Medicine, MPH, Epidemiology, University of Texas at' Houston

Charles Domercant :
Class of 2011: PhD, Aerospace Engineering, Georgia Tech

Charlie Behling
Class of 2014: BS, Mechanical Engineering, Olin College of Engineering

Chelsea Welch’
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

Chloe Vilain
Class of 2014: BS, Engineering with Computing , Olin College of Engineering

Christina Marie Johnson
Class of 2013: PhD, Botany, Miami University of Ohio

Christine Jensen
Class of 2012: BS, Aerospace Engineering, lowa State University

Christopher Nie
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

Christopher Teubert
Class of 2012:'BS Aerospace Engineering, lowa State University
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Christopher J. Ogden
Class of 2011: BA, Business Administration, University at Buffaio

Chun-Hui (Jeffrey) Lin
Class of 2011: BS, Electrical Engineerirg, California Institute of Technology

Colby Sato
Class of 2014: BS, Biological Engineering, Olin College of Engineering

Colin Winslow
Class of 2012: BS, Information Sciences and Technology, University of Arizona

Colin Zwiebel
Class of 2012: BS, Electrical and Computer Engineering, Olin College of Engineering

Colton Kohnke
Class of 2014: BS, Geophysics, Colorado School of Mines

Coralie Jackman
Class of 2011: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Corrianne Lamkin
Class of 2012: BS, Aerospace Engineering, Georgia Tech

Corrie Russel
Class of 2014: BS, Electrical Engineering, Johns Hopkins University

Cory Kunkel )
Class of 2012: BS, Aerospace Engineering, University of Cincinnati

Dan Buifer
Class of 2011: BS, Mechanical Engineering and Electrical Engineering, Colorado School of

Mines

Dan Chuchawat
Class of 2012: BS, Aerospace Engineering, University of Illinois at Urbana-Champaign

Dan Koerber
Class of 2013: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign
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Dan Regan
Class of 2013: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Daniel King
Class of 2014: BS, History, Point Loma Nazarene University

Daniel Loscalzo
Class of 2011: BS, Civil Engineering, University at Buffalo

Daniel M. Pastuf
Class of 2011: BS, Aerospace and Mechanical Engineering, University at Buffalo

Daniel Nevius
Class of 2011: BS, Electrical Engineering and Computer Science, Harvard University

Daphne F. Rein-Weston
Class of 2012: BSE, Mechanical and Aerospace Engineering, Princeton University

Darren Pais
Class of 2012: PhD, Mechanical and Aerospace Engineering, Princeton University

David Barker
Class of 2009: BS, Astrophysics and Astrodynamics, Union College

David Butz
Class of 2014: BS, Commercial Aviation, University of North Dakota

David Clifton
Class of 2012: BSE, Mechanical and Aerospace Engineering, Princeton University

David DeBoth
Class of 2011: BS, Physics, Florida Institute of Technology

David Gerson
Class of 2014; BSE, Aerospace Engineering, Stanford University

David Peterside
Class of 2012: BS, Biological Engineering, University of Florida
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David Slaby
Class of 2012: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

David J. Holewka
Class of 2012: BS, Aerospace and Mechanical Engineering, University at Buffalo

Dean Liao
Class of 2010: BS, Aerospace Engineering, Georgia Tech

Derek Cleveland Mullins
Class of 2011: BS, Mechanical Engineering, University of Central Florida

Dina Cavicchia
Class of 2011: BA, Physics Education, University of Central Florida

Divyanshu Agarwal
Class of 2013: BS, Aerospace and Ocean Engineering, Virginia Tech

Donald Gregorich .
Class of 2014: BS, Undeclared, University of Maryland

Donald Delano Durm lI
Class of 2012: BS, Aerospace Engineering, University of Central Florida

Doug Astler
Class of 2012: BS, Aerospace Engineering, University of Maryland

Doug Nettles
Class of 2013: BS, Mechanical Engineering, Colorado School of Mines

Doug Weathers
Class of 2011: BS, Aerospace Engineering, New Mexico State University

Elizabeth Tang
Class of 2012: PhD, Aerospace Engineering, Georgia Tech

Ellen Farber
Class of 2013: BS, Computer Science, Harvard University
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Ellen Thomas
Class of 2013: BS, Psychology, University of Arizona

Emily Calandrelii

Class of 2012: MS, Aeronautics and Astronautics, Massachusetts Institute of Technology

Emily Metivier
Class of 2013: BS, Mechanical Engineering, Boston University

Emmanuel Tsaparikos
Class of 2011: MS, Space Systems Engineering, University of Michigan

Emmeline Y Kao
Class of 2012: BSE, Mechanical and Aerospace Engineering, Princeton University

Eric Anden

Class of 2012: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Eric Reisenbuckler
Class of 2014: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Eric Sahr
Class of 2013: BS, Geology, University of Arizona

Eric Starr
Class of 2012: BSE, Mechanical and Aerospace Engineering, Princeton University

Eric Womer
Class of 2012: BS, Aerospace Engineering, Boeston University

Erica Chin
Class of 2013: BS, Biomechanics, Olin College of Engineering

Erin Stempinski
Class of 2012: MS, Botany, Miami University of Ohio

Ethan E. Harstad
Class of 2011: BS, Aerospace Engineering, lowa State University
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Evan Morikawa
Class of 2011: BS, Engineering with Computing, Olin College of Engineéring

Fernando Arstizabal
Class of 2011: BS, Agricultural Engineering, University of Florida

Flora Vinson
Class of 2011: BS, Biological Engineering, University of Florida

Frank Mycroft
Class of 2012: MBA, Harvard University

Gabriella Alvarez
Class of 2014: BS, Aerospace Engineering, Georgia Tech

Garrett Hennig
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

Geoffrey Bower
Class of 2011: PhD, Aeronautics and Astronautics, Stanford University

Gregory Bachison
Class of 2011: BS, Aerospace and Mechanical Engineering, University at Buffalo

Gregory Doidge
Class of 2013: BS, Aerospace Engineering, University of Illinois at Urbana-Champaign

Gregory M Pitner .
Class of 2012: BS, Electrical Engineering and Applied Physics, Rensselaer Polytechnic

Institute

Gregory L. Wagner
Class of 2014: PhD, Mechanical Engineering, University of California

Hallie A Gengl
Class of 2012: BS, Earth and Space Science, Arizona State University

Hans Eugene Waldenmaier
Class of 2011: MS, Botany, Miami University of Ohio
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Harrison Chau
Class of 2012: BS, Aerospace Engineering, University of Maryland

Harrison Searles
Class of 2012: BA, Economics & BA, Philosophy, University of Massachusetts Amherst

Harvey Elliott
Class of 2014: PhD, Atmospheric, Oceanic, and Space Sciences, University of Michigan

Hee Yong Jeon
Class of 2014: BS, Aerospace Engineering, Georgia Tech

lan Andrzejczak
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

ian Daniher
Class of 2013: BS, Electrical Engineering, Olin College of Engineering

lan Haubert )
Class of 2013: BS, Aerospace Engineering, University of Arizona

Jacqueline Alexander
Class of 2014: BS, Aerospace Engineering, Georgia Tech

Jake Gamsky
Class of 2011: BS, Physics, University of Kentucky

James Bader
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

James Burgess
Class of 2013: BS, Mechanical Engineering, University of Kentucky

James Michasl
Class of 2011: PhD, Mechanical and Aerospace Engineering, Princeton University

Jandlyn Bentley
Class of 2014: BS, Interdisciplinary Studies, Massachusetts College of Liberal Arts
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Jared Carusillo
Class of 2010: BS, Finance and Economics, Fordham University

Jason Curtis
Class of 2012: BS, Engineering with Computing, Olin College of Engineering

Jason Dunn
Class of 2009: MS, Aerospace Engineering, University of Central Florida

Jason Goerlich
Class of 2011: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Jason Hewkin
Class of 2011: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Jason Murray
Class of 2011: BS, Chemical Engineering, Georgia Tech

Jeff Cunningham
Class of 2011: BS, Aerospace Engineering, University of Central Florida

Jeff Gordon )
Class of 2011: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Jennifer Dowling
Class of 2012: BS, Aerospace Engineering, Georgia Tech

Jesse Cummings
Class of 2014: BS, Aerospace Engineering, University of Maryland

Jessica Allen
Class of 2011: BS, Mechanical Engineering, University at Buffalo

Jessica Hall
Class of 2012; BA, Physics and Philosophy, Miami University of Ohio

Jessica Hicks
Class of 2011: MS, Information Sciences, University of North Texas
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Jessica Wayer
Class of 2012: MS, Aerospace Engineering, Georgia Tech

Jim Crowell
Class of 2012: BS, Earth and Space Science, Arizona State University

Joao P. Porto
Class of 2014: BS, Mechanical & Aerospace Engineering, Cornell University

Joe Every
Class of 2013: BS, Mechanical Engineering, Colorado School of Mines

Joe Johnson
Class of 2011: MS, Aeronautics and Astronautics, Stanford University

Joel Houston
Class of 2011: BS, Astrophysics, University of lllinois at Urbana-Champaign

Joe! Meuting
Class of 2013: BS, Acrospace and Mechanical Engineering, University of Arizona

Joey Sasser
Class of 2011: MS, Aeronautics and Astronautics, Stanford University

John Baader
Class of 2014: BS, Mechanical Engineering, University of lllinois at Urbana-Champaign

John Gallo
Class of 2011: BS, Aerospace Engineering, University of [llinois at Urbana-Champaign

John Wirth
Class of 2012: BS, Aerospace Engineering, University of [llinois at Urbana-Champaign .

John Wittrock
Class of 2013: BS, Computer Science, George Washington University

John Pierce Wise, Jr. )
Class of 2013: BS, Biology, University of Southern Maine

17



94

Johnathon Stark
Class of 2012: BS, Aerospace Engineering, University of Colorado, Boulder

Jon Barr
Class of 2011: MSE, Aerospace Engineering, University of Michigan

Jon Mason :
Class of 2013: MS, Space Studies, University of North Dakota

Jonathan Claussen
Class of 2011: PhD, Agricultural and Biological Engineering, Purdue University

Jonathan Mihaly
Class of 2012: PhD, Aeronautics, California [nstitute of Technology

Jonathan M. Huang
Class of 2012: BS, Aeronautical and Mechanical Engineering, Rensselaer Polytechnic

Institute

Joni De Guzman
Class of 2013: BS, Aerospace Engineering, University of Illinois at Urbana-Champaign

Jordan Holquist )
Class of 2012: BS, Aerospace Engineering, University of lifinois at Urbana-Champaign

Jordan Bell
Class of 2014: BS, Aerospace Engineering, Georgia Tech

Jorge |. Pala
Class of 2014: BS, Aerospace Engineering, University of Texas at Austin

Josh Levy
Class of 2012: BS, Electrical Engineering, University of Florida

Joshua Furnish
Class of 2014: BS, Engineering, Olin College of Engineering

Joshua J. Chesser
Class of 2011: BS, Political Science, University of Oklahoma
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Joshua Sosa
Class of 2014: BS, Computer Science, University of Arizona

Joshua Tiras
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

Joshua V. Neison- .
Class of 2011: MS, Space Studies, University of North Dakota

Julia Rees )
Class of 2012: BSE, Mechanical and Aerospace Engineering, Princeton University

Julia Thompson
Class of 2014: PhD, Engineering Education, Purdue University

Julian Sy '
Class of 2013: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Julie Xie .
Class of 2012: BS, Mechanical & Materials Science and Engineering, Harvard University

Kailin Hsu
Class of 2012: BA, Physiology & Neurobiology, University of Maryland

Kaitlin Vahling
Class of 2014: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Kaitlyn Walker
Class of 2012: BS, Mechanical and Civil Engineering, Colorado School of Mines

Kapil Varshney
Class of 2012: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Karthik Balakrishnan
Class of 2011: MS, Aeronautics and Astronautics, Stanford University

Katherine Johnson
Class of 2012: BS, Psychology, University of Arizona
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Kathryn O'Connell
Class of 2012; BSE, Mechanical and Aerospace Engineering, Princeton University

Katrina Hornstein
Class of 2012: MS, Aeronautics and Astronautics, Stanford University

Kendra Toole
Class of 2011: BS, Aerospace Engineering, Boston University

Kerry Fessenden
Class of 2011: BS, Aerospace Engineering, St. Louis University

Kevin Gowsell
Class of 2011: BS, Botany, Miami University of Ohio

Kevin Hardegree-Ullman
Class of 2011: BS, Astronomy, University of Arizona

Kevin McClure
Class of 2014: BS, Robotics Engineering, Olin College of Engineering

Kevin Zagorski
Class of 2012: BS, Mechanical Engineering, Boston University

Kier Fortier
Class of 2014: BS, Aerospace Engineering, University of Colorado, Boulder

Kimly Do
Class of 2014: BS, Mechanical Engineering, Olin College of Engineering

Krista Harbold
Class of 2013: BS, Computer Engineering, George Washington University

Krista Nixon
Class of 2012: BS, Geological Engineering, Colorado School of Mines

Kristi Bradford
Class of 2012: BA, Astrophysics, Harvard University
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Kyle Lovstt
Class of 2014: BS, Aerospace and Mechanical Engineering, University at Buffalo

Kyle Shannon
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

Kyle Stephens
Class of 2012: BS, Optical Sciences and Engineering, University of Arizona

Lars Osborne .
Class of 2012: BS, Mechanical Engineering, Montana State University

Laura Chen
Class of 2011: BS, Engineering Mechanics and Physics, University of lllinois at Urbana-

Champaign

Laura Stiles
Class of 2013: PhD, Aerospace Engineering, University of Colorado, Boulder

Lauren Sykora
Class of 2011: BSE, Mechanical and Aerospace Engineering, Princeton University

Lenae Johnson
Class of 2013: BS, Engineering Physics, Colorado School of Mines

Lindsay Jones
Class of 2014: BS, Environmental Science, California State University, Channel Islands

Lindsey Ramkellawan
Class of 2014: BS, Biological Engineering, University of Florida

Lisa A. Alagna
Class of 2011: BS, Applied Mathematics, University at Buffalo

Louis Poirier
Class of 2012: MS, Aeronautics and Astronautics, Stanford University

Lucas Bannister
Class of 2013: BS, Mechanical Engineering, Boston University
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Mackenzie D. Ott
Class of 2014: BS, Aeronautical Engineering, Rensselaer Polytechnic Institute

Matlory Casperson
Class of 2012: MS, Aerospace Engineering, University of [Hlinois at Urbana-Champaign

Manuel Lépez
Class of 2012: MS, Aeronautics and Astronautics, Stanford University

Marc Fusco
Class of 2012: MS, Space Studies, University of North Dakota

Maria Barna
Class of 2011: BS, Aerospace Engineering, St. Louis University

Mariah Law
Class of 2014: BS, Space Physics, Embry Riddle Aeronautical University

Martin Czerep
Class of 2011: MS, Aerospace Engineering, University of Colorado, Boulder

Martin Salisbury
Class of 2011: BS, Electrical Engineering, University at Buffalo

Marty Otzenberger
Class of 2011: BS, Engineering Physics, Colorado School of Mines

Mary Snooks
Class of 2013: BS, Geology and Geological Engineering, Colorado School of Mines

Mary Whitney
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

Mathew Smeltzer
Class of 2013: BS, Aerospace Engineering, University of Oklahoma

Matt Daniels
Class of 2013: PhD, Management Science and Engineering, Stanford University
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Matthew Cannella
Class of 2014: PhD, Aerospace Engineering, University of Colorado, Boulder

Matthew Hartle
Class of 2012: BS, Chemistry, Colorado School of Mines

Matthew Hill
Class of 2014: BS, Chemical Engineering, University at Buffalo

Matthew Tyrpak :
Class of 2014: BS, Aerospace Engineering, Georgia Tech

Michael Boor
Class of 2011: BS, Electrical and Computer Engineering, Cornell University

Michael Hardisty
Class of 2014: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Michael A. Lotto
Class of 2014: BS, Aerospace Engineering, University of Colorado, Boulder

Michael S. Andrle
Class of 2013: PhD, Aerospace Engineering, University at Buffalo

Michael Zwach
Class of 2012: BS, Electrical Engineering, Purdue University

Michelle Cano
Class of 2013: BS, Computer Science, George Washington University

Michelle Cheng
Class of 2012: MOP, Physiology, North Carolina State University

Morgan Lavine
Class of 2012; BS Electrical and Computer Engineering, Olin College of Engineering

Nathan Dostart )
Class of 2014: BS, Mechanical Engineering, University of llinois at Urbana-Champaign
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Nathan Mogk
Class of 2012: BS, Materials Science and Engineering, University of Arizona

Nathan Wong
Class of 2011: BS, Engineering Mechanics and Astronautics, University of Wisconsin,
Madison :

Neel Patet
Class of 2012: BS, Aercspace Engineering, University of liiinois at Urbana-Champaign

Nicholas Boechler
Class of 2011: PhD, Aeronautics, California Institute of Technology

Nicholas Picon
Class of 2014: BS, Aerospace Engineering, Georgia Tech

Nick Xydes
Class of 2013: BS, Mechanical Engineering, Santa Clara University

Nicolas Lee
Class of 2012: PhD, Aeronautics and Astronautics, Stanford University

Nicolas M. Gaudio
Class of 2013: BS, Aeronautical Engineering and Physics, Rensselaer Polytechnic Institute

Nikita Gokhale
Class of 2013: BS, Aerospace Engineering, Georgia Tech

Orian J. Breaux
Class of 2012: BS, Aeronautical Engineering, Rensselaer Polytechnic Institute

Oyku Akkaya
Class of 2012: BSE, Mechanical and Aerospace Engineering, Princeton University

Patrick Haddox

Class of 2011: BS, Engineering Mechanics and Physics, University of [llinois at Urbana-
Champaigh
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Paul Booth
Class of 2013: BS Engineering with Computing and Mathematical Sciences, Olin College of
Engineering

Paul Schattenberg
Class of 2011: BS, Aerospace Engineering, Texas A&M University

Paul van Susante
Class of 2011: PhD, Engineering Systems, Colorado School of Mines

Pedro Jofre
Class of 2013: BS, Agricultural and Environmental Engineering, Purdue University

Phil Hornstein
Class of 2011: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Phillip Michel
Class of 2013: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Phillip Reyes
Class of 2012: BS, Aerospace Engineering, St. Louis University

Rachid Zougari
Class of 2013: BS, Electrical Engineering, Virginia Tech

Reinhold Povilaitis
Class of 2012: BSE, Materials Engineering, Arizona State University

Richard Wang
Class of 2011: BS, Mechanical Engineering, California Institute of Technology

Richard Otero
Class of 2011: BS, Aerospace Engineering, Georgia Tech

Richard E. Hanton
Class of 2011: BS, Computer Engineering, lowa State University

Robbie Bunge ’ .
Class of 2011: MS, Aeronautics and Astronautics, Stanford University
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Robert McMullen
Class of 2013: BS, Mechanical Engineering. Olin College of Engineering

Robert John Lossing
Class of 2011: MS, Environmental Science and Engineering, Colorado School of Mines

Robert John Rovetto
Class of 2011: MA, Philosophy & Applied Ontology, University at Buffalo

Robin Schneider
Class of 2014: PhD, Geochemistry, Colorado School of Mines

Robyn Macdonald
Class of 2013: BS, Aerospace Engineering, University of lllincis at Urbana-Champaign

Rohit Mahakali
Class of 2011: MSE, Aeronautics and Astronautics, Purdue University

Ryan Isham
Class of 2012: BS, Biological Engineering, University of Florida

Ryan McCort
Class of 2014: BS, Aerospace Engineering, University of Colorado, Boulder

Ryan McLinko
Class of 2011: MS, Aeronautics and Astronautics, Massachusetts Institute of Technology

Salman igbal
Class of 2012: BS, Aerospace and Mechanical Engineering, University at Buffalo

Samantha Marquart
Class of 2011: BA, Political Science, Massachusetts Institute of Technology

Samuel Hoffman
Class of 2012: BS, Mechanical & Electrical Engineering, Boston University

Samuel Marcus
Class of 2013: BS, Integrative Physiology, University of Colorado, Boulder
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Sara Casay
Class of 2013: BS, Computer Science, George Washington University

Sara Meschberger
Class of 2012; BA, Communications and Linguistics, University of Arizona

Sara Streeb
Class of 2011: BS, Chemistry, University of lllinois at Urbana-Champaign

Sarzh Barrett
Class of 2013: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Sarah Yenchik
Class of 2013: BS, Physics, University of Utah

Saravanan Lakshmanan
Class of 2012: MS, Aerospace Engineering, University at Buffalo

Saraya Sikora
Class of 2012: MS, Environmental Engineering, University of Florida

Scott Perry
Class of 2011: MS, Aeronautics and Astronautics, Stanford University

Sean Chait : :
Class of 2014: BS, Aerospace Engineering, Georgia Tech

Sean Gellenbeck
Class of 2013; BS, Aerospace Engineering, University of Arizona

Sean Lyons
Class of 2012; BS, Aerospace Engineering, University at Buffalo

Sean McClain ]
Class of 2013: BS Computer Engineering, lowa State University

Sean Smith
Class of 2013; BS, Mechanical Engineering, University of Kentucky
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Seiya Shimizu
Class of 2012: MS, Aeronautics and Astronautics, Stanford University

SGT William Lee
Class of 2011; Electronics Engineering, Prime Power School

Shannon Weber
Class of 2013: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Shashank Saxena
Class of 2015: BS, Aerospace Engineering, Texas A&M University

Shen Ge
Class of 2011: MS, Aerospace Engineering, Texas A&M University

Sherrie Hall
Class of 2011: BS, Aerospace Engineering, Georgia Tech

Sonal Shah
Class of 2014: BS, Chemical Engineering, University of Kentucky

Stella Garcia
Class of 2011: BS, Biological Engineering, University of Florida

Stephen Mcintosh
Class of 2013: BS, Computer Science, Stevens Henager College

Steve Massey
Class of 2012: BS, Electrical Engineering and Computer Engineering, St. Louis University

Steven Zinnen
Class of 2011: BS, Electrical and Computer Engineering, Olin College of Engineering

Swetha Chandrasekar
Class of 2014: BS, Bioengineering, Olin College of Engineering

Theodore Picou
Class of 2011: BS, Biology, Georgetown University
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Thomas Colvin -
Class of 2012: MS, Aeronautics and Astronautics, Stanford University

Thomas Marsh
Class of 2013: BS, Mechanical Engineering, University of Arizona

Timothy Alvarez
Class of 2013: BS, Management Information Systems, University of Arizona

Timothy Szwarc
Class of 2013: PhD, Aeronautics and Astronautics, Stanford University

Timothy J. Holland
Class of 2012: MS, Space Studies, University of North Dakota

Tomislav Ticak .
Class of 2013: PhD, Microbiology, Miami University of Ohio

. Travis Pollok
Class of 2012: BS, Aerospace Engineering, Texas A&M University

Triana Henz
Class of 2012: BS, Astronomy, University of Arizona

Tristan Kreutzberg
Class of 2011: M.Eng, Atmospheric, Oceanic and Space Sciences, University of Michigan

Troy Cole
Class of 2012: BS, Aerospace Engineering, Tuskegee University

Tucker Gritton
Class of 2014: BS, Aerospace Engineering, University of Illinois at Urbana-Champaign

Tyler Maddox
Class of 2012: BS, Aerospace Engineering, University of Central Florida

Tyler Reid
Class of 2011: MS, Aeronautics and Astronautics, Stanford University
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Umair Khan
Class of 2013: BS, Aerospace Engineering, University of Colorado, Boulder

Vaibhav Kumar
Class of 2012: MS, Aeronautics and Astronautics, Stanford University

Wahab Alshahin
Class of 2012: BS, Aerospace Engineering, University of lllinois at Urbana-Champaign

Wesley Gardner
Class of 2014: BS, Physics, Math, and Computer Science, St. Louis University

Zachary Pace
Class of 2014: BS, Physics and Mathematics, University at Buffalo

Zachary H. Liquorman
Class of 2012: BA, Philosophy, University at Buffalo

Zachary T. Searer
Class of 2012: BS, Aerospace Engineering, University at Buffalo

Zachary Wach
Class of 2012: BS, Materials Science and Engineering, Johns Hopkins University

Note: All signatures represent the individual opinjons of the students listed, and not
necessarily that of the entire university with which they are affiliated.
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The human exploration and development of the space fronticr for the benefit of society is a commen theme in
national and international space policy discussions. At the same time, it is increasingly recognized that private
enterprises and individuals may have distinct and more immediate interests in space developments, deriving from
the unique attributes of the space environment. The extent to which governments can and should encourage such
private interests, and the means by which this might best be done while continuing to preserve and protect the larger
public interest, is a topic at the forefront of space policy. In this paper, we consider various imperatives for the
human development of space, public and private, and the relative strengths brought to the task by each. Two
possible public policy initiatives designed to promote the creation of free markets and the private development of
space infrastructure are explored — one centered on crew and cargo resupply to the International Space Station and

the other on lunar base resupply.

L._INTRODUCTION

As has been discussed by numerous authors, the early
development and exploitation of space systems and
capabilities was primarily motivated by the
supcrpower compctition of the Cold War. Many such
systems were of a directly military nature, such as
intercontinental ballistic missiles, reconnaissance
satellites and missile defense systems. The
development of these systems was largely
responsible for creating the industrial base which
made other applications possible. Many derivative
applications, including communications, weather
observation, Earth resources analysis, and global
navigation, offered benefits in both the civil and
national security arenas. But even space systems
having apparently altruistic purposes, such as
astronomical observation, space physics, and
planetary exploration, also played a strong role in
Cold War competition; each new scientific
achievement was touted as a victory for either the
United States or the Soviet Union.

Nowhere was the competitive nature of the early
space enterprise more clearly defined than in the
development of human spaceflight. Human
spaceflight, the sector offering the least-obvious
immediate benefit to society, was nonetheless the
most globally significant. From the straightforward
development of the technological and industrial base
that was required, to the less obvious but possibly

more important matter of stature in the eyes of the
world, the benefit to the United States from winning
“the moon race” was incalculable. In retrospect, the
Cold War was won in space, from ICBMs and
strategic defense and “live via satellite” and Viking
and Hubble and GPS to, most visibly, Apollo and
Shuttle.

But as individual competitions are won or lost,
circumstances change, and the grounds for
competition change. Human competitiveness is
certainly an enduring motivation, but as a sustainable
underpinning for any given enterprise, it is less so. If
an enterprise is 1o be sustainable in the long term, it
must offer accrued benefits greater than the cost of
attaining them. Private enterprises must furnish a
positive fiscal return on investment. Public
enterprises must provide an important benefit to
society. Judgments in the laiter case are considerably
more difficult to make than in the former. Indeed, it
may be observed that a considerable amount of
political debate concerns the effort to determine a
course of action when the “return on investment”
occurs on time scales incompatible with normal
investment criteria, is not easily expressed in
monetary terms, or is considered to be so important
to a society that it should not be left to the vagaries of
the market. These observations bear dircctly upon
the ability of governments to create and' maintain a
stabie policy environment for space development.
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To date, the development and application of space
systems has been an overwhelmingly governmental
activity. The notable counterexample has been the
communications satellite industry, followed more
recently and to a considerably lesser cxtent by the
commercial satellite imagery industry. Both have
benefitted from both favorable governmental policies
and a substantial government market but, having
overcome high early barriers to entry, now appear to
be viable. Despite these examples, however, it
remains true that most space system developments
have been publicly funded and directed enterprises,
or minor commercial adaptations of such. This is
particularly so for the launch vehicles which provide
access to space — the sine qua non of any future
development of the space frontier.

But many today believe that private interests and
enterprises have it within their capacity to develop
and operate not only conventional communications
and imaging satellites, but also large launch vehicles,
human spaceflight systems, etc., and that government
involvement in these areas, other than as a reliable
customer, is no longer needed.

Two successful launches in June and December 2010
of the SpaceX Fualcon 9, developed without
government direction and with substantially Jess
government financial support than has been typical in
the past, lend credence to this view. Other successful
privately initiated space enterprises ‘are expected to
follow and, if successful, portend good news for
proponents of space development. Governments will
want to cncourage such activities. However, the
most appropriate means of doing so is not yet clear;
more questions have been posed than answers found.

Ultimately, the establishment of successful
commercial space activities and entities is unlikely
without the creation and promulgation of thoughtful
public policy designed to promote them, as well as
the growth of non-government market demand. To
that point, it will be useful to review the features of
both private and public enterprises, identifying the
necessary aspects of any public policy designed to
encourage and enhance the development of space.

1l. PRIVATE ENTERPRISE

Sustainable private enterprises require, among other
things, the ability to attract investment capital and to
provide a competitive return on that investment. For
any given expected return, those opportunities
appearing to offer lower risk, sharter payback times,
and lesser initial capital requirements are more
attractive to javestors than conirariwise. These

factors are important to any discussion of private
investment in space enterprises.

It recent decades, the least risky investments have
been U.S. Treasury bills, offering approximately a
2.5% annual return. At a slightly higher risk, high-
grade corporate bonds have vielded an annualized
return of about 5.5% over the period from 1926-
2010.  With more risk, the equity markets have
provided an annualized return of about 10% for this
same period. Inflation from 1926-2010 has averaged
about 3.2%, so the annualized real return for high-
grade corporate bonds is about 2.3% and that for the
stock market is likewise about 6.8%.

Riskier investments must offer substantially higher
returns and other favorable terms if they are to be
preferred over, say, a typical equity market index
fund. Thus, venture capital investors typically seek
returns of 40% or more with a three-to-four year
payback time, with capital commitments of a few
million, or a most a few tens of millions, of dollars.

Additional conditions must also exist for the
development of a sustainable private market for any
particular good or service. The product must be of a
nature that it can be monetized. Many things which
might be in the public interest are nonetheless
extremely difficult to evaluate in financial terms. An
obvious example is “national security”. The cost of
this product is easily measured, whereas its value is
most elusive, being nothing less than the value of
one’s entire society.

Markets do not function effectively when costs and
benefits cannot be directly linked in an arms-length
transaction.  When costs are concentrated and
benefits are diffused, the result is “the tragedy of the
commons”. In the acrospace sector, this manifests
itself when, for example, the easily identifiable fixed
costs of launch facilities, laboratories, or the air
traffic control system are balanced against the less
directly observable benefits of owning such things.

Conversely, when costs are diffused but benefits are
concentrated, the problem of “special interests”
arises, - Whether for milk producers or commercial
space launch providers, subsidies and subsequent
market distortions are a likely result.

Finally, private enterprise cannot exist without the
sanction of the society in which it is embedded.
Some clearly profitable activities arc. not permitted
because they violate accepted societal mores or are
judged to be broadly harmful; these impermissible
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activities vary considerably from culture to culture
and time to time, but the principle remains valid.

At the opposite extreme are those enterprises deemed
too important to be hostages to the vagaries of the
market. This definition too varies with place and
time; Roman armies made extensive use of
mercenary troops, whereas no great power does so
today. Similarly, some societies choose not to leave
the development and operation of extensive
transportation, ~ energy, or  communications
infrastructures in private hands, while others do.

Some enterprises, strategic or otherwise, do not by
their nature offer the practical possibility of free-
market competition. The electric power generation
and distribution industry and the cable television
industry offer examples at opposite ends of the scale
of jmportance to a sociely. They have in common
that they cannot easily be obtained through
alternative sources in a free-market competition.
‘When these services are provided by means of
private ventures, such ventures are generally very
carefully regulated.

The conditions for the existence of a sustainable
private enterprise are thus seen to be rather
restrictive.  When a proposed venture is of a
permissible nature, when it can be monetized, when
straightforward transactions for its products are
possible between provider and consumer, when the
venture can provide a refturn on investment
commensurate with its perceived risk, when that
i is of ble size, and when the
return can be expected within a few years, it is likely
that compstitive private enterprises will provide the
most efficient satisfaction of a consumer need. When
these conditions are not met, then the venture will be
addressed by other means, if at all.

. PUBLIC ENTERPRISES

At the opposite end of the spectrum are publicly-
directed enterprises.  Because public activities
inherently involve the confiscetion of individual
wealth by the larger society, in an amount and for
purposes of which the “donor” may not approve, the
question as to which societal activities should be
pursued as public ventures goes to the heart of human
culture, of how a society chooses to organize itself.
This question is far broader than, but bears directly
upon, the present topic of space development.-

There are several broad categories of activity in
which societies have historically and with some
consistency chosen to invest. When clearly strategic
purposes are involved, such as expanding the
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society’s sphere of influence by developing a
frontier, or pursuing internatioual partnerships and
alliances, publicly funded and directed activities are
the near-universal rule. Private enterprise may be
involved, as with foreign military sales and the like,
but will be in support of and subsidiary to public
policy.

When the public interest requires the production of
non-market goods and services, government
investment will be employed to bring about a result
that the market cannot. Such products and services
are typically of a special-purpose nature, available
from a limited number of suppliers, and of interest to
only a limited number of customers.

Even where a potential commercial market may exist
and can be foreseen, and even when the ultimate
value of the product is not in dispute, government
investment may be required if the barriers to entry are
very high or the payback time is excessive relative to
competing private investment opportunities. In the
19" Century, the American development of the
Transcontinental Railroad, estimated in 1863 to cost
about $10 billion in present dollars, posed just such a
case’. In a more recent example, the world market
for global pavigation satellite services (GNSS),
including core hardware and location-based services,
is estimated to be $275 billion® presently, and
growing at 11% per annum. Such a market is
sufficient on its face to justify commercial
deployment of a satellite navigation constellation, if
one did not exist. However, it was not sufficient to
attract the tens of billions of dollars of development
cost required over a two-decade span to bring the
U.8. Global Positioning System (GPS) to fruition.

Satellite navigation is an example of a more general
case, Especially in the decades following World War
I, it has been understood that acquisition of
knowledge through basic research, and the
advancement of technology before profitable
ventures are readily foreseeable, are worthy goals
that can sometimes be attained by means of public
investments when market forces cannot do so.

Finally, when a venture is judged to be very risky or
the consequences of failure are very costly, a public
venture may be undertaken in order to spread the risk
and its consequences over the largest possible base.

None of these concerns by themselves specifically
precludes commercial activity, but they do pose
impediments to such activity. All of them are
relevant to the development of space applications in
general, and of human spaceflight in particular.
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1t is specifically noted that "efficiency” is not offered
here as a likely rationale for a public enterprise. No
rational decision maker expects a government effort
to be “efficient”, as the term is customarily
employed. The claim that private ventures are to be
preferred over public ventures because industry is
more efficient than government, while generally true,
is irrelevant, Any private concern which cannot
function more efficiently than a government entity
which produces the same things would by definition
require a subsidy merely to operate on par with the
public venture.

Public ventures may be initiated and supporied by a
society for numerous reasons, as outlined above, but
“efficiency” will not often be one of them.

IV. PRIVATE ENTERPRISE AND SPACEFLIGHT
The human development of space remains, after more
than fifty years, a discretionary activity of a half:
dozen advanced societies (United States, Russia,
China, Europe, Japan, and Canada), only two of
which possess the present capability merely to get to
spacc on their own. Moreover, human spaceflight at
present consists of a few crew-rotation flights
annually to a single space station two hundred miles
above the Earth, the development of which has
consumed the human spaceflight budgets of fourteen
partner nations for the last fifteen years. This scems
unimpressive when viewed against the plans and
" dreams of space advocates a half-century ago.

Clearly, no compelling case has been made that
rational private investors should undertake major
space development efforts. One can argue that
regulatory uncertainty and other government policies,
such as Shuttle payload pricing prior to the loss of
Challenger, contributed to this, but inherent
structural factors exist as well. Let us consider a
simple commercial space investment in order to
understand the impediments to the market-driven
development of space flight in general and human
space flight in particular.

The lowsst risk commercial space investments so far
have been in the communications satellite market.
As an example, we consider the case of a high-end
communications satellite with fifty-six transponders,
delivered on-orbit for a half-billion dollar net-
present-value (NPV) initial investment. We assume a
three-year development, with returns in equal real-
dollar increments beginning in Year 4 and continuing
for fifteen years until the depletion of stationkeeping
fuel, at which point the asset has no further value.

As this is written, the market for a 36 MHz
equivalent geostationary transponder is in the range
of SI-2 million/year, depending upon terms and
conditions. 1f we assume an average of $1.5 million
per year, then the satellitc in our example will
generate $84 million of annual revenue. Inflating the
out-year revenues at the June 2011 CPI rate of 3.6%
yields an internal rate of return (IRR) for this project
of 13.0%, or a 9.4% real return. This is to be
compared to the 6.8% average real return from the
equity market. The 2.6% difference between the two
is the “risk premium” thc market requires  for
investment in a communications satellite venture —
the least risky of space investments.

If the investor uses a discount rate of 10% to asscss
the net present valuc of his returns (i.e., the market
return he chose to forego in favor of this venture),
payback of the initial investment occurs at the end of
Year 13, after ten years of operation. Any profit on
the investment in excess of that which could have
been obtained from the equity market occurs in Years
14-18.

This example illustrates the key features of private
space enterprises: large initial investments, lengthy
payback times, and significant risk premiums. And
as noted, communications satellites have proven to be
the most successful of the commercial space ventures
proposed to date.

Let us now consider the nascent commercial human
space transportation industty. As an example,
consider an enterprise which is formed to develop 2
launch system to deliver approximately 9000 kg
(20,000 1b) to the International Space Station orbit at
400 km altitude and 51.6° inclination. The anchor
market for the company is the U.S. logistics support
requirement for ISS; ie., 15,000 kgfyear for cargo,
and two crew rotation flights per year offering four
seats per flight.

While it is difficult to assess a business that does not
yet exist, we can examine the viability of a proposed
enterprise subject to certain bounding assumptions.
To that end, we assume here that:

1) The company must develop a launch vehicle, a
launch facility, an 18S-compatible cargo delivery
vehicle, and a crew vehicle.

2) The crew vehicle will be a human-rated variant
of the cargo vehicle, with additional investments
for the required crew systems; thus, investments
for the I8S cargo delivery vehicle apply to the
crew vehicle as well,

Page | 4



Best commercial practices are ernployed in an
aggressive development program, with Year 1
net-present value (NPV) non-recurring costs for
the major system elements as follows:
Launch Vehicle
Launch Facility 50 M
I8S Cargo Delivery Vehicle — 200 M

Crew System Upgrades — 100™M
Total Expenditures $700 M

$350 M

4) The cargo launch and delivery system will be
developed over a four-year period, with revenues
beginning in Year 5.

5) Crew transportation revenues begin in Year 6.

6) The ISS remains in operation through Year 20 of
the enterprise; i.e., there is a sixicen-ycar market
for commercial cargo service, and a fifteen-vear
market for crew transportation service.

7) The company captures half of the ISS market;
i.e., 7500 kg/year of cargo and one crew rotation
flight per year.

8) December 2008 NASA Commercial Resupply
Service (CRS) ISS cargo contract pricing of
$59K/kg is assumed when service begins in Year
5, and is inflated at the June 2011 3.6% CPI for
out-year deliveries.

9) Crew transportation is priced at $125 M/seat in
Year 6, double the average price of Russian
Soyuz service in 2014-163, and inflated at 3.6%
in subsequent years.

10) The company offers launch service in the non-
ISS market also, with pricing at $150 M/launch
beginning in Year 5, inflated at 3.6% per year
thereafter.

11) Four non-ISS launches are carried out in Year 3,
the first year of operations, increasing at the rate
of two launches per year to twelve in Year 9 and
remaining constant thereafter, yielding a steady-
state launch rate for all customers of at least
fourteen per year, depending upon how the 1SS
cargo flights are manifested. (For comparison,
various versions of the Delta launch vehicle were
launched twelve times in 1967, and thirteen
times in 1998 with one failure. Atlas and Atlas-
Agena launched thirty-three times in 1966, with
three failures. In 1967 and 1978, fourteen Atlas
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vehicles were launched, and in 1995 twelve were
launched.)

12) The company operates with a net profit margin
of 10% across all lines of business (39% higher
than 7.2% average for the aerospace and defense
sector®™ ).

13) No developmental failures resulting in additional
expenditures or delays to the program schedule
ocour.

14) No operational failures resulting in the
interruption service or additional expenditurcs
oceur in the course of the 179 flights which
occur per the market capture assumptions above
in Years 5-20.

15) No modifications or upgrades requiring
significant additional investment are necessary in
Years 5-20.

Subject to these assumptions, this enterprise would
offer an IRR of 20.5%, well below the 25-30% that
might be expected for a venture with this level of
risk. At this IRR, the separate ISS cargo and crew
businesses yield negative returns on the investment
required to bring those capabilities to market. The
combined ISS cargofcrew business still offers a
negative return at the enterprise IRR. Internally, the
ISS market is subsidized by the assumed non-ISS
launch market.

At a discount rate of 10%, payback of the initial
investment occurs late in Year 10, afier six years of
operations.

More aggressive assumptions yield only marginal
improvement. For example, if the company captures .
the entire ISS cargo market beginning in Year 5 and
wins half the crew market starting in Year 6, the IRR
increases to 22.8%, with payback late in Year 9.
Similarly, capturing half the cargo and all of the crew
market yields an IRR of 22.7%, with payback again
late in‘Year 9. The company has to capture the entire
ISS logistics market through Year 20 to attain an IRR
of 24.7%, with payback early in Year 9.

Obviously, a wide variety of assumptions could be
used to model a prospective enterprise of this nature.
To this poiat, it is useful to recall that “all models are
wrong, but some are useful”®. The assumptions
employed here were chosen to be challenging but not
wholly wnrealistic when considered individually.
However, as a group they would appear to be quite
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optimistic, yet cven so this business is not an
attraclive investment by customary standards.

This analysis argues that existing market incentives
are insufficient to bring about human space
development by private enterprise even under very
optimistic assumptions. The ISS logistics market is
too small, no single competitor can expect to capture
it all, the rate of retum is low in relation to other
investments having less risk, and in any case that
market is temporary. Moreover, even with the
generous  assumptions cmployed here, the ISS
business operates at a loss. The enterprise IRR
improves if the human spaceflight market is ignored.

. Finally, though not discussed here in any detail, the
history of human spaceflight accidents strongly
argues that the enterprise risk increases significantly
if the crew transportation market is pursued.

V. PUBLIC ENTERPRISES AND SPACEFLIGHT
If human spaceflight has so far failed to attract the
investment necessary for private development for the
reasons discussed above, it is equally true that the
long-term benefit to society that is necessary for a
sustainable public enterprise has not been
demonstrated. Logsdon’ claims that this is because,
after Apollo 11, “there was no compelling rationale to
continue voyages of human exploration”, that Apollo
was “unique”.

The question of what constitutes a “compelling
rationale” for a public enterprise is crucial to space
development. As early as 1969 the Agnew
Commission® put forth a plan to continue human
expleration of the Moon and move onward to Mars,
utilizing and expanding upon the technology and
systems created for Apollo. While undoubtedly
compelling to the members of the committee, the
plan was not accepted by President Nixon. But
because the plan was not accepted does not mean it
would not have been “compelling” to a different
leader, or at a time when an unpopular war was not
diverting American attention to other matters of
possibly greater strategic significance. Indeed, if the
definition of “compelling” is “that which would have
caused President Nixon to make different decisions”,
many things of great value to American society were
apparently not “compelling” between 1968 and 1974.

Thus, if Apollo was “unique”, it is because a specific
decision was made not to continue to utilize and
evolve the Apollo-era systems for the purposes for
which they had been built — human space exploration
beyond Earth orbit. The present author has shown®
that this could have been done within even the

constrained fiscal resources allocated to NASA at the
time. Thus, although regular and continued human
exploration beyond low Earth orbit was not
sustained, it was in fact sustainable. Apollo as an
enterprise was therefore not inherently “unique™. It
was made so as the result of a conscious decision by
an American president. The uniqueness of Apollo
was a consequence, not a prima facie condition.

But - crucially -- substantially stronger arguments are
needed to initiate a major public enterprise than to
sustain  one. Once set aside, the nascent
interplanetary exploration infrastructure of the Apollo
era was as difficult to re-establish as private
spaceflight has been'to create. No 1).S. president has
chosen to reinvigorate the nation's human spaceflight
program by providing the funding necessary 1o reach
a sensible, attainable goal beyond low Earth orbit
(LEO). Absent a crisis response akin to the U.S.
reaction to the flight of Yuri Gagarin, this seems
unlikely to change.

chsdon7 argues that this is so because, today, there
Is no societal question for which "going to an
asteroid, or indeed anywhere clse beyond Earth orbit™
is the answer. But in fact there are numerous such
questions, among them:

1) What is the nature and value of a human future
in space?

2) What directions will human society take as a
result?  What social and cultural values will
evolve and prevail, and how will we influence
these developments if we are not there?

3) How is national security affected if we are not
active on the human space frontier?

4) Can the nation remain open, vital, relevant,
competitive and forward-looking in science,
technology, culture, and commerce, if it is not
engaged in developing the frontier of its time?

These questions will eventually be answered by
means of human space exploration. But so far, the
value of those answers has not been seen by U.S.
policy makers to be worth the cost of obtaining them.
As global technical capability continues to advance,
other societies will be confronted with the same
options, and may choose differently.

V. BLENDED VENTURES
If neither private nor public investment alone is
adequate to bring about sustainable human space
development, then advocates must turn to the
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possibilities inherent in a blend of the two. This is a
classic means of structuring an enterprise where the
potential for both public good and private gain can be
foreseen, provided the economic barriers to entry can
be surmounted.

If government can provide appropriate incentives, the
risk and return on private ventures can be improved
1o the point where rational investors can be attracted.
‘When private enterprise can be engaged, greater
execution efficiency is likely, resulting in a higher
level of accomplishment, more quickly, for given
expenditures. The political view of what constitutes
a worthwhile "public good™ is thereby alsc rendered
more favorable. There is thus real value for the
larger society in the development of a commercial
space industry, even if the core market for such an
industry continues for some decades to be the
fulfiliment of public goals.

The structuring of an enterprise so as to foster a
viable industry where none exists, in a manner that is
attractive to both voters and investors, requires very
carefully crafted public policy. There are many ways
in which the size and power of the government
market can be used to help bring about new industrial
capability. Historical approaches include prizes,
direct subsidies, tax incentives, joint ventures,
development of common-use public infrastructure,
and the provision of guaranteed markets.

Prizes can be effective in drawing attention to a
particular area, and in stimulating state-of-the-art
competition, as for example with the Orteig Prize for
the first trans-Atlantic flight and the Ansari X-Prize
for the first human suborbital space flights. In both
of the above cases the prizes were offered by private
entities, but government could do so as well.

Prizes by themselves do not offer a useful tool for
sustainable development, because a typical prize
rewards only a single winner. A series of prizes can
potentially accomplish what a single prize cannot;
ie., the progressive development of capability in
response to a carefully structured system of rewards.
In a graduated-prize system, muitiple early winners
must be accommodated if there is to be a reasonable
expectation that an .industrial base, rather than a
single company, is to evolve.

Subsidies offer the most direct method of reducing
the required private investment in an enterprise to a
level that renders the financial return attractive to
private co-investors. The use of subsidjes is tempting
when it is believed that the product being developed
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and offered is in the public interest, despite the lack.
of market viability.

However, the political risk that the prorised public
investment will continue for the required duration can
be very high. If not all potential providers can be
included in the subsidy, those who are not become
political opponents, calling into question the criteria
by which some providers are selected for investment
and others are not. In a democracy, it is difficult in
the extreme for public officials to “pick winners” in a
manmer that is susiainable for the long term. I it is
difficult to rationalize selecting a “winner”, when
others claim that they, too, could be winners if
subsidized, how much more difficult is it to sustain -
such subsidies if one of the putative “winners”
actually fails?

Subsidized development programs can be difficult to
marage in practice. A subsidy is essentially a
government co-investment, and most investors do not
closely manage the enterprise in which they have
invested. However, if the government does not
provide direction to accompany its investment, and
the enterprise encounters difficulty, opponents will
note the lack of oversight and control which is
normally expected to accompany the expenditure of
public funds. If the government does provide
significant direction, and difficulty is encountered,
private investors and corporate managers will ascribe
the failure to the fact of that direction. And even if it
is successful, an enterprise managed according to the
rules customarily imposed upon government
managers will Iikely sacrifice the very operating
efficiencies that the use of a private enterprise was
intended to achieve.

Finally, the ethical justification by which public
funds are allocated to a private concern, without the
compensating ownership of the end item and the
intellectual property associated with it that is
accorded to other investors (who, as a group, actually
“own” the company), is questionable at best.

It is sometimes argued that government awards of
negotiated or “prime” contracts to (typically) large,
well-established industrial concerns are essentially
subsidies by another name. While standard practice
in the aerospace industry today, such contracts were
not legal in the U.S., other than in wartime and. in
post-war extensions, until 1949, Until that time, the
so-called “arms-length” commercial contract was the
standard in government procurement as well; ie.,
other than a deposit of “earnest money”, the customer
does not pay in advance of delivery. Working capital
is provided by the contractor. The customer pays for
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the product when it has been delivered or, in the case
of very large purchases, provides progress payments
upon completion of agreed-upon work packages.

Negotiated contracts do carry the same burden of
concern about “picking winners” as does the grant of
an outright subsidy. However, these contractual
instruments differ significantly from subsidies in
terms of the open and exacting process by which
winners are selected, the exhaustive oversight and
specific direction provided by government officials
during the development phase, and the public
ownership of the resulting product and its associated
intellectual property. While generally inefficient, this
approach to the public acquisition of private sector
goods and services is intended to be fair to all
potential providers and to provide official
accountability for the expenditure of public funds.
By and large, it achieves those ends. However,
because the provider is carrying out the product
development at government behest and with public
funds, this acquisition approach offers no public-
private synergy, does little or nothing to spur private
development of comparable capabilities, and in fact
is usually detrimental to that goal.

Tax incentives are an alternate form of subsidy, with
the key difference that, to qualify, the receiving entity
must be sufficiently successful that it pays taxes.
Thus, as with prizes, public officials are not
“picking” winners, they are identifying and
rewarding them. However, for investors in potential
space enterprises the present value of even very
substantial future “tax breaks® may well be
insufficient to attract the necessary investment.
Further, the required subsidy to achieve the “critical
mass” necessary for the effective execution of any
development program will likely be less than can be
provided via tax incentives. It seems likely that tax
incentives can be used as one element of a broader
strategy to encourage private space development, but
cannot by themselves accomplish the desired result.

Joint venturcs offer the theoretical possibility of
combining resources in pursuit of a common goal.
However, the substantial difference between private
and public sector management paradigms make
effective cooperation extremely difficult. If no
money changes hands, the requirement of public
accountability for the conduct of business by the
private entity is eased. However, unless the private-
sector parmer can obtain a return on investment
through effective use of the completed public-private
development, attractiveness to investors is not
assured. Of further concern is the likely stability of
the government commitment.

It may be observed that a true joint venture works
wel] when the contributing partmers can establish and
respect clear boundaries between the sponsoring and
implementing entities. This is more easily achieved
between partners of roughly equal siatus; ie.,
government-to-government  agreements  between
sovereign nations, or corporate partners operating
according to the strictures of civil law. When
partners have inherently unequal statys in law and
employ significantly different management methods,
success is difficult to attain.

Similar to the joint venture, but lacking the need for
specific agreement between public and private
entities, is the casc where public-scctor infrastructure
is developed and operated with the presumption that
private-sector econormnic activity is thereby facilitated.
Obvious examples in the United States and elsewherc
include the public road network, public-use airports,
and the air traffic control system. No private entity
could have developed these systems, but the fact of
their public development has enabled a previously
unimagined Jevel of private economic productivity.
While such examples demonstrate the clear value that
can be obtained, the development of common-use
infrastructure may fail to provide the direct and
immediate stimulus that is sought. For example, the
development of interstate highways does not
necessarily foster more advanced automotive .
technology, and an air traffic control system designed
around a petwork of ground-based radio beacons is
misplaced in a world with GPS navigation.

A very direct approach to encouraging private sector
development in specific areas is the sovereign
guarantee of a market for a specific product or
service at an established price. This approach
rewards winners rather than pre-selecting them, and
expends no public funds unless and until the product
or service is delivered.

The level at which the price is to be set is a matter
requiring considerable care. If the price is set at any
level below the marginal cost of the equivalent
government-provided service, the requirement of
public benefit is met. However, even assuming the
private concern conducts operations more efficiently
than does the government, such a price may not allow
sufficient operating margin for amortization of the
initial investment over a reasonable period.

The opposite extreme sets the price at the fully-
burdened cost of the equivalent public-sector product.
Unless the private concem is less efficient than the
government, this price level should allow
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amortization of the private investment over a
reasonable payback time. However, policy concerns
arise in this case because the public benefit is not as
easily demonstrated. If public sector capability is to
be retained as a hedge against the possibility of
contractor failure, price-gouging, surge requirements,
or service interruptions of whatever nature, and if the
market price is set at the fully-burdened cost to the
taxpayer of retaining such capability, then in effect
the taxpayer is paying for two sets of investment and
infrastructure, one public and one private.

Societies do not generally choose to depend
exclusively on the free market where the provision of
strategically important goods and services is
concerned, especially in a nascent market with few
existing providers. Core public-sector institutional
capability in such areas is likely to be retained even
as efforts are made to develop comparable private
sector capacity. In such cases, it is reasonable to set
the guaranteed price at a compromise level between
the marginal and fully-burdened cost extremes.

Entrepreneurs will always argue that the fully-
burdened cost should be used to set guaranteed
market prices. Indeed, it is commonly argued (by
entreprencurs) that established companies are
“gstablished” only in consequence of the Cold War —
an unearned “gift”, as it were — and that newer
companies should therefore receive similar largess in
the form of present-day development funds, which is
accommodated by higher marker pricing.

In economic terms, this is not rational. The Cold
War is a “sunk cost” for all of post-WWII human
society, but most especially for the United States and
Russia. With that said, those sunk cosis clearly did
produce certain collateral benefits, among them an
aerospace industry that certainly would not have
reached its present level of capability in the absence
of Cold War tensions. To argue that newer
generations of taxpayers should bear additional
burdens to re-create capabilities which have
previously been created, is to argue for an outcome
that is both unfair and inefficient. New resources
should go to the creation of new products, not the re-
creation of old products by new entities.

Established companies also benefit from higher
prices, but possibly not to the extent that they benefit
from the bariers to entry that result from lower
prices. It is to be expected that various interest
groups will argue the merits of whichever policies
best serve themselves. The challenge for those who
craft those policies is to offer sohstions which balance
separate interests against larger goals.

115

If government markets are to be guaranteed for the
purpose of helping to bring about new industrial
capability, it is the author’s view that the market
price should be set at a level somewhat below that at
which the relevant products and services can be
procured from established suppliers. Such a policy
encourages established vendors to inmovate, or else to
furnish goods and services to the public sector at a
continuing loss. On the other hand, a guaranteed
market price set anywhere close to the established
price for which government can obtain service should
be a generous target for an entrepreneurial vendor - if
indeed that vendor can actually bring to the market
the operating efficiency that is universally claimed in
the entrepreneur’s business plan.

All of these mechanisms, with minor variations, can
be found in use in space development programs
today, and several would seem to be effective tools to
be selectively applied by governments toward the
strategic goal of space development. However, it is
the present author’s view that the provision of
guaranteed markets is among the most promising and
least utilized of the various approaches.

The NASA Commercial Resupply Services (CRS)
contracts for ISS cargo delivery offer a working
example of a guaranteed market However, the
analysis presented here demonstrates that the ISS
market, whether for cargo or crew or both, is too
small and likely too short-lived to bring about the
robust commercial space industry that most space
development advocates would like to see. The ISS is
simply not a program having the strategic scope to
provide the required market incentives. Something
more is needed.

Let us then consider the logistics requirements for a
hypothetical lunar base. Like the ISS, its
development and operation will require, broadly, two
classes of transportation: one for large and expensive
infrastructure and periodic crew rotation, and another
for a continuing stream of food, water, light

equipment, and other essential but rather
conventional items. Transportation for large or
unique cargo and for crew will likely be

accomplished by means of heavy-lift vehicles; ie.,
Saturn V class and larger, for some time to come.
These will likely require public-sector development.
Other items can be transported on considerably
smaller vehicles, jf desired, and acquire significant
value only by occasion of their placement on the
Iunar surface.
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If a lunar base is sized initially to harbor six
crewmembers, then its support requirements will be
similar to those of ISS, for which the U.S. share of
the obligation is again 15,000 kg/yr. As the base
expands — a scenario which is considerably easicr to
envision than expansion of the ISS — this cargo
market must increase.

Lunar surface cargo will be an order of magnitude
more valuable, merely by virtue of its location, than
ISS cargo. To see why this is so, consider our earlier
example of a privately-developed rocket sized to
deliver about 9000 kg to ISS orbit. Such a vehicle
could deliver zbout 10,500 kg to 2 28.5° orbit,
launching due east from Cape Canaveral. We assume
this payload to consist of a translunar injection stage
and a robotic cargo vehicle. The required total AV
from LEO to the lunar surface by way of low lunar
orbit (LLO) is about 6.0 km/s. That total can be
allocated in different ways, but if the transhunar stage
is sized to deliver 4.1 km/s AV using lox/hydrogen
with a propellant mass fraction of 0.85 and a specific
impulse (I,;) of 445 s, a 3000 kg cargo vehicle can be
placed in LLO. This vehicle must supply the
remaining 1.9 km/s AV required to descend to the
lunar surface. If it employs storable propellants with
an Iy, of 310 s and a propellant mass fraction of 0.8,
1250 kg of cargo can be delivered to the lunar base,
inclusive of the tare weight. Thus, at best, less than
an eighth of the 10.5 metric tons initially delivered to
LEO actually arrives as useful cargo on the moon.

Let us now consider the same private venture as
before, except that it is formed to deliver cargo to
support a lunar base. For the sake of discussion, we
presume that the translunar stage and robotic lander
can be developed for the same approximate cost as
was assumed for the ISS cargo/crew vehicle. Thus,
the NPV of enterprise development expenditures
remains $700 M. We again assume the company
captures half the lunar logistics market, 7500 kg/yr,
but now the delivered price is $590 K in the base
year, ten times that for ISS, and begins in Year 6 of
the venture, reflecting the greater difficulty inherent
in the task.

With our other assumptions held constant, the IRR
for the lunar cargo business by itself is over 27%.
However, seven launches annually will suffice to
deliver this cargo, leaving a half-dozen launches
available for other than ISS or lunar payloads. If the
company sells these launches at the same $150 M
price previously assumed, the TRR increases to about
30.5% for just thesc two markets. If the 1SS cargo
mission is undertaken, the $200 M cargo vehicle

development must be added to the expenditures, and
the enterprise IRR actually drops to about 28.5%.

These conclusions derive from very simple models,
but the trend is clear. After exploring two scenarios,
the most favorable commercial space venture
foreseeable in the ncar term consists of supplying
low-intrinsic-value cargo to a lunar base, not cargo or
crew resupply of the 1SS.

Moreover, unlike the situation with ISS, such trade
could commence as soon as 2 lunar base location is
determined, well before any future human lunar
landing. Much Iunar cargo will be of such a nature
that it can be pre-emplaced years ahead of human
missions while remaining valuable. The most
obvious example is water, which will always be
among the most valuable commodities on the moon.
One may imagine the thriving space transportation
industry that would evolve, should a government or
partnership of governments offer a market price of
$590 K in 2012 USS$ for the delivery of water in
sealed tanks to selected locations on the lunar
surface. Similar possibilities may be envisioned for
many other commeodities and services that would be
needed. Thus, a clear commitment by the United
States to the leadership of an international lunar base
development would, in addition to its numerous other
benefits, also provide the most significant foresecable
market for the collateral development of a true
commercial space industry.

VI. CONCLUSION

The human development of space can be brought
about more effectively than has been the case so far
by means of appropriately structured public policies
designed to maximize the likelihood of private gain
in that development. However, if such enterprises
are to be sustainable, care must be taken to establish a
proper incentive structure for both parties.

Those who govern must not be, or appear to be,
"picking winners"; 2 sense of transparency and basic
fairness must underlie the process by which monies
are dispersed. The expenditure of public funds must
be accompanied by accountability for expenditures
and responsibility for attaining the desired outcome.

Private investors must believe that the political risk
of losing their investment is minimal; established
programs. cannot be cancelled merely because a new
head of state is elected, or because the majority party
changes in the legislature. Public enterprises can
provide an excellent anchor customer for a
sustainable private venture, but cnly government
displays a long-term consistency of purpose while
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providing a market of sufficient size to make the
enterprise worthwhile.

Current U.S. government policies do not achieve
these ends. The ISS market is too limited but, in the
absence of a serious commitment to any credible
subsequent effort, it is “the only game in town”, If
there is to be a viable commercial spaceflight
industry, an anchoring public enterprise of
significantly larger scope is necessary. In the
author’s opinion, development of an international
lunar base provides the best near-term option for such
a program. To be effective, public policy makers
must heed the old investment advice — go big or stay
home.
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