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REVIEW OF THE PROPOSED NATIONAL AERO-
NAUTICS AND SPACE ADMINISTRATION
HUMAN SPACEFLIGHT PLAN

WEDNESDAY, MAY 26, 2010

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

The Committee met, pursuant to call, at 10:00 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Bart Gordon
[Chairman of the Committee] presiding.
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HEARING CHARTER

COMMITTEE ON SCIENCE AND TECHNOLOGY
U.S. HOUSE OF REPRESENTATIVES

Review of the Proposed National
Aeronautics and Space Administration
Human Spaceflight Plan

MAY 26, 2010
10 A.M.—12 P.M.
2318 RAYBURN HOUSE OFFICE BUILDING

I. Purpose

On May 26, 2010 at 10:00 a.m. the Committee on Science and Technology will
hold a hearing on the proposed National Aeronautics and Space Administration
(NASA) Human Spaceflight Plan. The purpose of the hearing is to continue the ex-
amination of the proposed NASA human spaceflight plan and to review issues re-
lated to the budget, cost, schedule and potential impacts of the plan.

The hearing will 1) examine the administration’s proposed goals, strategies and
plans for NASA’s human spaceflight and exploration programs, including the revi-
sions announced by the president on April 15, 2010; 2) the assumptions, basis, feasi-
bility and sustainability of those plans within the FY 2011 budget plan and outyear
funding plan; 3) the key challenges and risks involved in implementing the proposed
change of course for NASA; and 4) what outstanding questions and issues need to
be addressed, and what information is needed as Congress considers the proposed
future direction for NASA’s human spaceflight and exploration programs.

II. Scheduled Witnesses

Panel I:

Mr. Charles F. Bolden, Jr.
Administrator
National Aeronautics and Space Administration

Panel II:

Mr. Neil A. Armstrong
Commander, Apollo 11

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

Mr. A. Thomas Young
Lockheed Martin (ret.)

Dr. John P. Holdren, Director of the Office of Science and Technology Policy, was
invited to testify by the Committee but was unavailable due to another commitment.

II1. Background and Issues

Background

Congress has been presented with the administration’s proposal to make drastic
changes to the United States human spaceflight and exploration program that has
been authorized and funded by successive Congresses since 2005. Key components
of the new plan presented by the president in February and later modified in the
president’s April 15th speech at the Kennedy Space Center include the following:

e The International Space Station (ISS) will be extended at least through 2020;

e An ISS crew rescue vehicle (potentially but not necessarily based on the
Orion crew exploration vehicle design) will be developed and flying “within
the next few years”;

e There will be a human mission to an asteroid by 2025;
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Astronauts will orbit Mars by the mid-2030s;

e By 2015, NASA will have either finalized the design of a Heavy Lift Vehicle
(HLV) and be ready to start building [per the president’s April 15th speech],
have done some design work on an HLV concept [per the OSTP Director’s
public statements], or have “defined” a Heavy Lift architecture [per NASA
statements to staff]; NASA will also have either developed or started develop-
ment of a new liquid hydrocarbon engine and have carried out fundamental
research on heavy lift propulsion, and will have done all of the above for $3.1
billion over the five-year period;

o NASA will support/fund the development of multiple [3—4, according to
NASA] commercial crew transport services by 2016 at a total cost to NASA
of $6 billion; and

e NASA will invest $7.8 billion in Flagship Technology Demonstrations, $3 bil-

lion in Robotic Precursor mission, and $4.9 billion on Space Technology over

the next few years.

Mr. Norman Augustine, who chaired last year’s Review of U.S. Human
Spaceflight Plans Committee, has testified that the administration’s proposed plan
is closest to his panel’s Option 5B—one of the “flexible path” options. According to
the Augustine committee report, Option 5B “employs an EELV-heritage commercial
heavy-lift launcher and assumes a different (and significantly reduced) role for
NASA . . . [and] would also entail substantial reductions in the NASA workforce
and closure of facilities to obtain the expected cost reductions.”

In announcing its proposals, the administration indicated that a new human
spaceflight plan was needed because the exploration program of record was
“unexecutable” under the projected budgets.

In the four months since the administration’s proposed plan was announced, a
number of significant issues have been raised that still have not been satisfactorily
addressed by administration witnesses. A number of those issues are discussed in
the following section.

Issues

1. No credible basis has been provided to date to support the claim that
NASA can successfully execute the proposed plan within the FY 2011 and
assumed outyear budget profile.

One of the most significant findings of last year’s Augustine committee was that
“Human exploration beyond low Earth orbit is not viable under the FY 2010 budget
guideline.” Following the same methodology used by the Aerospace Corporation,
staff of the Science and Technology Committee analyzed the FY 2011 budget request
using the same budget categories used in the Aerospace analysis for the Augustine
committee, namely, Shuttle, International Space Station (ISS), Exploration, Ken-
nedy Space Center (KSC) modernization, and exploration-related technology. The
staff analysis determined that the funding available for human spaceflight/explo-
ration technology in the proposed FY 2011 budget plan is essentially the same as
was available in the “not viable” FY 2010 budget guidance over the years FY 2010
2015. In addition, if one compares the FY 2011 budget plan and outyear funding
profile with that of the Augustine committee’s “Less Constrained” budget, it turns
out the budget for the administration’s proposed plan through 2025 [the date of the
asteroid mission] is $47 billion lower than the amount the Augustine committee
determined would be needed to make any of its exploration options viable over that
same period. Figure 1 below illustrates the mismatch between the Augustine com-
mittee’s budget and both the “not viable” FY 2010 budget guidance and the pro-
posed FY 2011 budget plan. [A spreadsheet comparing the various budgets is in-
cluded in Appendix A].
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The addition of an ISS crew rescue development program without a corresponding
increase in the NASA budget would appear to further weaken the credibility of any
assertion that the proposed plan is executable. In staff briefings, NASA personnel
indicated that a preliminary estimate of the cost of developing a crew rescue vehicle
is on the order of $5—7 billion. Since the administration has stated the goal of flying
the crew rescue vehicle “within the next few years,” it is reasonable to assume that
several years of operations would also have to be budgeted for within the FY 2011-
FY 2015 budget. Given the likely need to procure and fly two vehicles per year to
the ISS, each on an Evolved Expendable Launch Vehicle (EELV), the annual oper-
ating cost could be estimated at $1+ billion. Thus, the total cost over the five year

eriod of the crew rescue vehicle development/operations program could approach
510 billion. That is equivalent to a $1-2 billion per year unfunded lien on the NASA
budget. To put that shortfall into context, if one zeroed the FY 2011 funding for the
Exploration Technology Demonstrations program, the Robotic Precursor program,
and the KSC 21st Century Space Launch Complex initiative, it would only cover
$1.2 billion of the potential shortfall. To cover a $2 billion shortfall, one would also
have to eliminate the increased funding for Earth Science, Aeronautics, and Space
Technology. To date, NASA has not identified the planned offsets for the cost of the
crew rescue vehicle.

2. Lack of credible analysis or data and ensuing uncertainties contribute to
increased risk of higher costs and longer delays than estimated and in-
creased risk of unavailability of services.

One of the central elements of the administration’s plan is a proposal to rely on
aﬁ-yeé—é:o-be-developed “commercial crew” transport services to low Earth orbit and
the ISS.

The administration’s plan assumes that it will support the development and dem-
onstration of up to 3—4 commercial crew systems at a cost of $6 billion over the five-
year period FY 2011-2015. [That funding is in addition to funding for launch infra-
structure to facilitate commercial launches that is proposed as part of the “21st Cen-
tury Space Launch Complex” initiative.] However, the basis of the $6 billion esti-
mate has not been provided to Congress, despite repeated requests. In addition, the
administration has been unable to provide the percentage of private sector cost
sharing assumed in its $6 billion budget estimate. There are several grounds for
questioning the credibility of the administration’s estimate. The Aerospace Corpora-
tion, in its response to questions submitted by Space and Aeronautics Subcommittee
Chairwoman Giffords, provided its independent analysis of the range of potential
costs to develop a single crewed capsule/launch abort system of varying degrees of
complexity/crew-carrying capacity. A chart provided by Aerospace that summarizes
the analysis is included in Appendix A. For the presently envisioned 2—4 passenger
commercial crew vehicles, the Aerospace analysis would suggest that the burden of
proof needs to be put on the administration to demonstrate why the cost to the gov-
ernment has not been underestimated by at least a factor of two or more, even ac-
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counting for benefits to be accrued by following as yet unspecified “commercial prac-
tices” while still ensuring safety standards are met. The $6 billion estimate is fur-
ther called into question by NASA’s preliminary estimate of the cost to develop a
single “simple” crew rescue vehicle, with the crew rescue vehicle development cost
estimate being essentially the same as what the administration estimates could
fund the development of up to 3—4 different commercial crew transport vehicles with
launch abort systems.

In its report, the Augustine committee concluded that: “While there are many po-
tential benefits of commercial services that transport crew to low Earth orbit, there
are simply too many risks at the present time not to have a viable fallback option
for risk mitigation.” However, the administration’s proposed plan does not include
any government backup option. In the absence of a government alternative, NASA
would presumably have no choice but to cover any increased cost if it is to preserve
its access to the low Earth orbit. Administrator Bolden, in testimony before Con-
gress said “I have to look at the possibility that the commercial sector may have dif-
ficulty, and we will do everything in my power to facilitate their success.”

In the absence of a significant non-NASA, truly commercial market, NASA would
have to assume responsibility for ensuring the continued viability of at least two
commercial companies [unless the government is willing to accept the existence of
a commercial monopoly determining its crewed access to space]. However the exist-
ence of any significant non-NASA market has not been independently validated.
Given that, it is instructive to note that at a recent Federal Aviation Administration
Commercial Space Transportation Advisory Committee meeting, Administrator
Bolden noted that destinations other than the ISS would be needed for the commer-
cial providers in order to keep ISS commercial crew costs down, and that NASA
might have to invest in creating them: “ ‘We need a destination in low Earth orbit
to which we can go’, Bolden said ‘So that means that NASA and the commercial en-
terprises need to partner, maybe with DoD, maybe with the intelligence community.
I don’t know who. But we need to partner with a lot of people to develop a second
orbital network of structures or something that act as a destination for people who
want to make this commercial industry viable.” ” [Aerospace Daily, 5/20/10]. In addi-
tion, in an aviationweek.com article dated May 21, 2010, it was stated that “company
reps agreed that even with a second destination . . . it will be hard to sustain a com-
mercial market with the two annual ISS flights envisioned. ‘A market like that is
probably not enough to sustain competition,” says George Sowers, vice president for
business development at ULA [United Launch Alliancel. It could sustain two pro-
viders, if NASA’s willing to pay extra to have two. It’s kind of like EELV all over
again.”

Thus, if one accepts the administration’s assumption that commercial crew pro-
viders can be ready to provide operational crew transfer services to the ISS in
2016—a schedule estimate that has not been independently validated and was made
without even first having determined what acquisition approach will be followed—
all the would-be commercial providers can assume in terms of a NASA market is
that they may split a total of 10 trips to the ISS before the end of the planned ex-
tension of the ISS in 2020. It is reasonable to assume that in the absence of other
markets, those providers will expect NASA to assume the great majority of the risk
and cost—whatever that cost might turn out to be.

3. Lack of detail and continued changes call into question the stability and
sustainability of the proposed plan

A series of changes to the proposed plan raises questions about the stability of
the plan and whether further changes will be forthcoming. The budget justification
was provided to Congress one month after the FY 2011 budget release; few details
were provided to support the magnitude of the changes being proposed.

On April 15, 2010, the president announced changes to the plan-a major one being
the addition of a crew rescue vehicle to the human spaceflight portfolio-and one that
represents a significant new requirement being levied on the FY 2011 NASA budget
guideline. There were no details on what the change would entail, how it would be
funded, and what the impact to other programs would be. In that same speech, the
president announced that he was committed to “finalizing a [heavy lift] rocket de-
sign no later than 2015 and then begin to build it.” Yet, in subsequent discussions
with NASA, Committee staff were told that primary emphasis was on the develop-
ment of an engine for the first stage of a heavy launch vehicle and just the “defini-
tion of a heavy lift architecture” by 2015. Finally, the president added an explicit
goal of carrying out the first human mission to a near-Earth asteroid by 2025.

With respect to the crew rescue vehicle program, Administrator Bolden said in his
prepared statement for the April 22, 2010 hearing by Senate Appropriations Sub-
committee on Commerce, Justice, Science, and Related Agencies: “Accommodating
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this effort within NASA’s budget will change the amounts requested for the programs
described below [technology development and demonstrations; heavy-lift and propul-
sion research and development; robotic exploration precursor]l. An update to the
NASA FY 2011 budget justification will be provided as soon as possible, but in the
next few weeks.”

On May 12, 2010, Administrator Bolden testified at a Senate Commerce, Science,
and Transportation hearing that “NASA expects to submit a revised FY 2011 budget
request to Congress in the near future that will identify funding requirements for the
restructured Orion crew capsule”.

Given the number and significance of the changes being made to the initial pro-
posed plan, the lack of details on the scope of programs and how they might change
to support the addition of a crew rescue vehicle, the variations in the administra-
tion’s description of how heavy lift development will proceed, and the lack of an up-
dated budget request that reflects the changes, it may be difficult for Congress to
have confidence in the stability of the plan that it is being asked to support.

4. Proposed long-term exploration strategy lacks clarity and consistency

The Constellation Program was designed and congressionally-authorized with a
stepping-stone approach in mind “to ensure that activities in its lunar exploration
program shall be designed and implemented in a manner that gives strong consider-
ation to how those activities might also help meet the requirements offuture activities
beyond the Moon” and a range of future destinations “¢o 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]

However, in presenting his proposed new plan on April 15th, the president stated
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 hu-
mans to an asteroid by 2025, followed by a human mission to orbit Mars by the mid
2030s.

Subsequent to that announcement, NASA continues to include the Moon as a des-
tination but with no timetable, indicating a lunar landing would not occur until
some time after the asteroid mission. Administrator Bolden’s May 12 prepared
statement for the Senate Commerce Committee noted that “under the new plan, we
will . . . build a technological foundation for sustainable, beyond-LEO exploration,
with more capable expeditions in lunar space, and human missions to near-Earth
asteroids, the Moon, Lagrangian points, and, ultimately, Mars.” In addition, Admin-
istrator Bolden’s prepared statement for the May 12 Senate hearing noted that the
Exploration Robotic Precursors program would involve “a lunar lander by 2015” and
the Enabling Technology Development and Demonstration program would involve
activities “that will lead to ground and flight demonstrations in lunar volatiles.” It
is not clear whether the Moon is or is not a significant part of the exploration strat-
egy, and if so, what the purpose of lunar exploration would be under the president’s
plan. If the Moon is not a near-term part of the exploration strategy, it is not appar-
ent why programs to send landers to the Moon and demonstrations in lunar
volatiles would be needed within the next five years.

Without a consistent outline of the logical progression for deep space exploration
beyond low-Earth orbit authorized in law, how the knowledge from each mission
would build on one another, and when a heavy-lift vehicle and crew capsule would
be available to support deep space exploration, it is difficult for Congress to have
a clear understanding of the plan it is being asked to support.

Implications for Congressional Consideration of the FY 2011 NASA Budget Request

Given the drastic changes being proposed by the administration, including can-
cellation of the current Constellation Program, the burden of proof has to rest with
the administration to first demonstrate that its proposed plan is executable. That
burden of proof includes providing compelling evidence that:

1) The proposed plan is executable within projected budgets;

2) The elements of the plan are sufficiently well defined and analyzed such that
the risks of higher than estimated costs and schedule delays are minimized;

3) The plan is well thought-out and stable and has taken account of potential
impacts on other sectors; and

4) The proposed long-term exploration strategy is clear and consistent.
If that burden of proof is met, Congress will still need to determine whether or

not the measures proposed are in the best interest of the Nation and of the nation’s
human spaceflight program. However, if the administration is unable to provide
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Congress with the confidence that its proposed plan is executable, Congress will
then need to take steps to develop an alternative that is executable.

Appendix A of this hearing charter contains additional background on the ques-
tions and decisions for Congress that are raised by the administration’s proposed
plan.



Appendix A

Background: The Questions and Decisions
for Congress on Human Spaceflight and the
Proposed New Strategy

1. What Are the Priorities of the Goals and Objectives of the New Strategy That Con-
gress is Being Asked to Support?

Various statements in the FY 2011 budget request and speeches by NASA and
other officials state a range of goals and objectives making it difficult to discern the
priorities of the goals being proposed for the U.S. human spaceflight program.

e The NASA Administrator’s message in the NASA FY 2011 budget request
stated “As we invest in the most cutting-edge research and technology to enable
human exploration beyond Earth, we will also work to cultivate an expanded
space exploration industry through a commercial crew program that seeks to
spur competition and innovation in American industry, ultimately resulting in
commercial human spaceflight services. Once established, these services will
not only allow astronauts to travel to the International Space Station, they
will ultimately open space travel to many more people across the globe.”

In his April 15, 2010 remarks at Kennedy Space Center, the president stated:
“Our goal is the capacity for people to work and learn, operate and live safely
beyond the Earth for extended periods of time, ultimately in ways that are
more sustainable and even indefinite.” He also said: “Early in the next decade,
a set of crewed flights will test and prove the systems required for exploration
beyond low-Earth orbit. And by 2025, we expect new spacecraft designed for
long journeys to allow us to begin the first-ever crewed missions beyond the
moon into deep space. We'll start by sending astronauts to an asteroid for the
first time in history.”

While various goals are being presented as part of the administration’s proposed
human spaceflight program, the realities of fiscal constraints within the U.S. gov-
ernment budget require that Congress understands the priorities for those goals. If
the administration’s goal is to send humans beyond low-Earth orbit, including to a
near-Earth asteroid, as a starting point, by 2025, then a set of decisions must be
made to support that goal. If the goal is to stimulate a space tourism and explo-
ration industry, then certain questions must be asked and decisions must be made
about the government’s role in enabling the development of a new industry, and the
advantages and disadvantages to the government and the taxpayer must be consid-
ered.

2. Should the Constellation Program be Canceled?

The Constellation Program consists of the Ares I crew launch vehicle and Orion
crew exploration vehicle, the Ares V heavy-lift launch vehicle, associated ground
systems and lunar systems. Constellation is the architecture established to deliver
Americans to the ISS and later to the Moon and other destinations in the solar sys-
tem following the retirement of the Space Shuttle. The FY 2009 budget request for
NASA stated that Constellation’s Orion vehicle was also intended to serve as a
back-up for commercial services being fostered to service the ISS: “It [Orion] will
be capable offerrying up to six astronauts (plus additional cargo) to and from the
International Space Station if commercial transport services are unavailable.” Con-
stellation was authorized in both the NASA Authorization Act of 2005 [P.L. 109—
155] and the NASA Authorization Act of 2008 [P.L. 110-422].

NASA provided the Committee the following status information for the Constella-
tion Program, as of May 2010:

“The following are some of the Orion Project’s key achievements:

e The Orion PDR [Preliminary Design Review] was conducted during the sum-
mer of 2009, and completed in August 2009. The PDR was an extensive review
of Orion’s detailed subsystems and integrated systems designs to date. The
PDR board unanimously recommended proceeding with detailed designs to-
ward Critical Design Review (CDR) in February 2011.

o In 2009, NASA conducted preliminary capsule recovery tests at both the
Navy’s Carderock facility in Maryland and in the ocean near Kennedy Space
Center (KSC) in Florida. Using a mockup of the Orion capsule, these Post-
landing Orion Recover Tests involved search and rescue teams simulating sta-
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bilization and recovery of the Orion capsule in a variety of sea state conditions.
Results were intended to lead to design features for both the spacecraft and
recovery equipment, as well as contributing to development of the final recov-
ery procedures.

Fabrication of the Orion Ground Test Article crew module is progressing at
the Michoud Assembly Facility in Louisiana. Completion is estimated for the
fall of 2010, followed by completion of the service module and launch abort
system ground test article, currently scheduled for 2011. NASA is using a fric-
tion stir welding technique on this ground test article, and is hoping to dem-
onstrate the longest continuous friction stir weld ever attempted.

NASA performed its first developmental flight test of the Orion Launch Abort
System (LAS) at the White Sands Missile Range, New Mexico. The Pad Abort—
1 test, successfully conducted May 6, 2010, was the first integrated firing of
all three motors in a real flight environment. Orion’s Launch Abort System
(LAS) includes three newly designed solid rocket motors: 1) abort motor, 2) jet-
tison motor, and 3) attitude control motor. Each motor contributes substan-
tially to the state of the art in solid rocket propulsion technology. All of these
motors have been successfully demonstrated in full-scale static firings on the
ground individually.

Orion project successfully conducted a Software PDR.

The Orion project successfully completed a formal Integrated Baseline Review
to assess the adequacy of the integrated project baseline (cost, schedule, risk,
and technical) following the system PDR.

following are some of the Ares I Project’s key achievements.

Having completed its PDR in 2008, the Ares I Project is now working toward
its CDR, which is scheduled for September 2011.

In September 2009, NASA and ATK conducted the first successful test of the
Ares I's five-segment development motor in Promontory, Utah. Beyond vali-
dating the basic performance characteristics of the stage, the test has enhanced
modeling and understanding of key attributes that have historically been very
difficult to predict analytically such as erosive burning, thrust oscillations and
thrust tail off. The next static test, DM-2, is currently scheduled for September
2010.

In October 2009, the Ares I-X test flight took place at Kennedy Space Center
in Florida. Data from more than 700 on-board sensors showed that the vehicle
was effectively controlled and stable in flight. Thrust oscillation frequencies
and magnitude data from the Ares I-X flight also were consistent with meas-
urements from recent Shuttle flights that were instrumented, leading us to
conclude that the oscillation vibration on the Ares I would be within the
bounds that the Ares I is currently being designed to. In the end, this test
flight provided tremendous insight into the aerodynamic, acoustic, structural,
vibration and thermal forces that Ares I would be expected to experience.

J-2X Test Hardware Status: Having passed its CDR in 2008, development and
verification testing at the component and subsystem level continues. Current
planning includes a fully assembled engine, minus the full nozzle extension,
to be available the end of calendar year 2010, followed by receipt of an addi-
tional developmental engine in 2011. Static fire testing for engines is currently
slated to begin in the February-March 2011 time frame.

The following are some of the recent infrastructure achievements for the Constellation
Program:

The Operations and Checkout building at KSC was completed in January
2009, marking activation of High Bay Facility. When outfitted, the O&C will
support final assembly of the Orion spacecraft.

The final 600-foot Lightning Protection Tower at KSC’s Pad B was completed
in February 2009. This was where the Ares I-X test flight launched from in
October 2009.

Workers at KSC topped out the tenth and final segment of the new mobile
launcher (ML) after it was lifted by crane and lowered onto the ninth segment
in January 2010. When completed, the tower will be 345 feet tall and have
multiple platforms for personnel access. Its base was made lighter than Space
Shuttle mobile launcher platforms so the crawler-transporter can pick up the
heavier load of the tower and a taller rocket.
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e A-3 Test Stand at Stennis Space Center in Mississippi. Construction of the
long duration altitude test stand for the J-2X engine is nearly 75 percent com-
plete. When completed in 2013, the A-3 facility will provide a unique critical
capability to simulate environments at greater than 100,000 ft altitude nec-
essary to demonstrate altitude starting and perform full-duration hot-fire test-
ing.

Space Environmental Test Facility (SET) at Glenn Research Center’s Plum
Brook Station in Ohio: Construction started in 2007 and is about 75 percent
complete. SET is planned for conducting qualification testing of the fully inte-
grated Orion spacecraft, including vibration, acoustics, and EMI testing.

Fabrication of the Orion Crew Module mockup for Neutral Buoyancy Labora-
tory testing and training events. These events are targeted at both the in-space
EVA aspects on the outside of the vehicle as well as for internal cabin mobility
within a simulated space gravity environment.

Fabrication of a partial gravity testing and training facility (Advanced Re-
duced Gravity Off-Load System). This facility allows for simulations of a non-
Earth surface gravity environment (lunar, Mars, etc) for both shirt-sleeve and
spacesuit testing and training.

As of May 2010, NASA reported that it had spent a total of $10.3 billion on Con-
stellation.

In addition, the Constellation Program has contributed a number of new tech-
nology developments and innovations. A partial list was provided by Mr. Douglas
Cook, NASA Associate Administrator for the Exploration Systems Mission Direc-
torate, at a March 24, 2010 hearing of the Space and Aeronautics Subcommittee on
“Proposed Changes to NASA’s Exploration Programs: What’s Known, What’s Not,
and What are the Issues for Congress?”:

e “Automated rendezvous and docking is one that we are working on the Orion.
In the upper stage we are making further progress on the technology offriction
stir welding. We are working on composite structures. We have made some ad-
vances in lightning protection on space vehicles, advanced batteries. We are
using solar arrays on the spacecraft. We are making advances in guidance,
navigation, and control and other avionic software that will be possible. We

have actually . . . advanced development work out at Ames . . . in . . . ad-
vanced thermal protection systems for spacecraft. We are working on closed life
support, and we . . . are actually charting some new territory in modeling of

the environments and characteristics of the spacecraft during launch and entry
through new modeling techniques and software.”

The FY 2011 budget proposes to cancel Constellation and includes $1.9 billion in
FY 2011 and $600 million in FY 2012 to fund:
Termination and liability for existing contracts (including severance pay);
o Closeout costs of content and property disposition;

e Costs to render safe facilities no longer in use, mothballed, or targeted for
demolition;

Potential environmental remediation of agency direct and support contractor
facilities no longer in use; and

e Coverage for transitional civil servants as new programs are being initiated.

The April 15, 2010 speech by the president proposed restructuring the Orion crew
capsule that was an element of the Constellation Program to focus on providing
crew escape capability for the International Space Station by means of an “Orion
Lite”. A Fact Sheet issued by the Office of Science and Technology Policy described
the rationale for the scaled-down Orion as “providing stand-by emergency escape ca-
pabilities for astronauts on the Space Station. We will be able to launch this vehicle
within the next few years, creating an American crew escape capability that will in-
crease the safety of our crews on the Space Station, reduce our dependence on foreign
providers, and simplify requirements for other commercial crew providers.” According
to the revised plan, this effort will also “help establish a technological foundation
for future exploration spacecraft needed for human missions beyond low Earth orbit.”
Last week, NASA officials informed Committee staff that NASA is in discussions
with OMB and OSTP on several options for pursuing a crew rescue vehicle. Those
options include 1) restructuring Orion to be developed as a crew rescue vehicle, and
2) initiating a competition that would be open to new concepts for a crew rescue
vehicle. A decision to pursue the latter option would necessitate canceling the Orion
contract and incurring contract termination costs, while also starting a new contract
competition and development program.
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Congressional Direction on Limitations on the Use of FY 2010 Appropriations

In the Statement of Managers accompanying the FY 2010 Consolidated Appro-
priations Act, “The conferees note that the Constellation program is the program for
which funds have been authorized and appropriated over the last four years, and
upon which the pending budget request is based. Accordingly, it is premature for the
conferees to advocate or initiate significant changes to the current program absent
a bona fide proposal from the Administration and subsequent assessment, consider-
ation and enactment by Congress.” The Statement of Managers also states that
“Funds are not provided herein to initiate any new program, project or activity, not
otherwise contemplated within the budget request and approved by Congress, con-
sistent with section 505 of this Act, unless otherwise approved by the Congress in a
subsequent appropriations Act. Funds are also not provided herein to cancel, termi-
nate or significantly modify contracts related to the spacecraft architecture of the cur-
rent program, unless such changes or modifications have been considered in subse-
quent appropriations Acts.” Similar language was included in the Act itself. Accord-
ing to NASA, the Constellation Program is currently proceeding per the enacted FY
2010 appropriation.

According to NASA, all work that is currently under contract for Constellation
will continue. The Administrator has instructed the Constellation Program to re-
frain from initiating new work not currently under contract, and also to refrain from
expanding the scope of any work that currently is under contract. As of March 11,
2010, NASA had canceled five planned procurements, including planned studies: the
Exploration Ground Launch Services (EGLS) solicitation at the Kennedy Space Cen-
ter (KSC); the Vehicle Assembly Building High Bay modification solicitation at KSC;
the Water Basin construction solicitation at the Langley Research Center; the Altair
Conceptual Design Contracts solicitation at the Johnson Space Center; and the Ares
V heavy-lift design trades solicitation at the Marshall Space Flight Center.

In testimony to the Committee on Science and Technology on February 25, 2010,
Administrator Bolden stated that: “in . . . a letter that I sent recently to 27 members
of the House who questioned what we were doing with the Constellation Program
.. . I told them . . . we were in compliance with the direction of the 2010 Appro-
priations Act and that I have directed no cancellations or terminations and that we
intended to comply with the law.”

Members of Congress have continued to express concern over NASA’s actions re-
garding the legislative direction in the FY 2010 Appropriations for NASA. In a May
10, 2010 letter to the Director of the Office of Management and Budget, Senator
Barbara Mikulski, chair of the Senate Commerce, Justice, Science and Related
Agencies Appropriations Subcommittee that funds NASA wrote:

e “I am advised that NASA has undertaken a series of steps to direct industry
to retain certain funds made available in fiscal year 2010 to cover prospective
termination costs so as not to potentially violate the terms of the Antideficiency
Act (31 U.S.C. 1341). I am deeply troubled by this approach as it effectively
seeks to terminate Constellation activities in apparent violation of the terms
of the Omnibus provision.”

e In addition, Senator Mikulski wrote: “I urge you, in conjunction with the Vice
President and the President’s Chief of Staff to immediately devise a path for-
ward to avoid cancelling contracts in fiscal year 2010 and to avoid invoking
termination liability set asides from existing contract dollars and activities on
the Constellation Program.”

o “I further urgently request that you review NASA’s budgeting practices regard-
ing termination liability to articulate a clear and appropriate standard to deal
fairly with industry, provide a schedule to implement this standard and iden-
tify the fiscal reserves required to effectively comply with this standard.”

Senator Richard Shelby, ranking member of the Commerce, Justice, Science and
Related Agencies Appropriations Subcommittee, took the step of co-signing a provi-
sion to H.R. 4899, the Supplemental Appropriations Act, 2010:

o “Provided further, That notwithstanding any other provision of law or regula-
tion, funds made available for Constellation in fiscal year 2010 for ‘National
Aeronautics and Space Administration Exploration’ and from previous appro-
priations for ‘National Aeronautics and Space Administration Exploration’
shall be available to fund continued performance of Constellation contracts,
and performance of such Constellation contracts may not be terminated for
convenience by the National Aeronautics and Space Administration in fiscal
year 2010.”
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At issue is the appearance that NASA’s actions on Constellation contracts may
not be following directions in law and the implications that those actions have for
progress on the Constellation Program—the current program of record that has been
authorized by Congress and for which Congress has appropriated FY 2010 funds for
implementation.

Justification and Analytical Basis for Cancellation

e In a September 15, 2009 hearing on the results of the Review of U.S. Human
Space Flight Plans Committee, Chairman Gordon asked of the Review’s
Chair, Mr. Norman Augustine, “we do have a program that has been author-
ized we have spent billions of dollars on . . .. So are you prepared to say that
one or all of the other options are substantially better than Constellation and
worth having a major turn now?”

O Mr. Augustine responded “I think it would be our view just what you
said, that there should be a compelling reason to change an existing pro-
gram, and we believe that the existing program, given adequate funds, is
executable and would carry out its objectives.”

e In the Committee’s February 25, 2010 hearing on NASA’s Fiscal Year 2011
Budget Request, Chairman Gordon noted: “the justification from moving from
Constellation to a different approach is expense, and so if we-if it is not going
to be l”ess expensive, then there has to be a better explanation [of] . . . why this
move.

Since the FY 2011 budget release, additional details on the justification for
the proposal to cancel rather than modify or restructure the Constellation
program have not been provided. In addition, the actual cost to terminate the
program is still not known.

e To understand the factual analysis that informed the Augustine committee,
Subcommittee on Space and Aeronautics Chairwoman, Gabrielle Giffords sent
a series of questions to the Aerospace Corporation, which was tasked to sup-
port the Augustine committee in its review. Regarding a full assessment of
Constellation cost and schedule, Aerospace stated “Aerospace did not perform
a traditional parametric or grass-roots Independent Cost Estimate (ICE) for
the Constellation Program or its major elements . . . . Aerospace was tasked
to perform a high-level schedule assessment of Constellation.”

Issues Related to the Proposal to Include a Crew Rescue Vehicle

In addition, in light of the change on April 15th that now includes a crew rescue
vehicle (which could involve restructuring the Orion vehicle), the Congress will need
to understand a number of issues including: what that vehicle will be, the acquisi-
tion approach that NASA will follow (restructuring the Orion contract or pursuing
a new vehicle competition and development program), how NASA plans to address
the cost and schedule for the rescue vehicle, the impacts of those costs on other
NASA programs, and the plan and timeline for moving forward with a deep space
crew exploration capsule.

Issues Related to Proposal to Include a Crew Rescue Vehicle

o What are the details of a crew rescue vehicle, including how many crew it will
accommodate and how will the program be modified to meet the proposed
timeline of “the next few years”?

o What, if any, supporting infrastructure is needed for a crew rescue vehicle and
what will it cost?

o What are the timeline and plans for deciding on and developing a crew cap-
sule to explore destinations beyond low-Earth orbit and what costs are as-
sumed for that development?

o What are the implications of the decision on a crew rescue vehicle on the civil

servant and contractor workforce, as well as on the space industrial base?

If the addition of a NASA funded crew rescue vehicle has reduced the capabili-

ties that commercial crew systems will have to provide, will the $6 billion com-

mercial crew budget be reduced accordingly? If not, why not?

To date, NASA has not provided this information to Congress.

e In his prepared statement for the April 22, 2010 Senate Appropriations Sub-
committee on Commerce, Justice, Science, and Related Agencies, NASA Ad-
ministrator Bolden said: “Accommodating this effort within NASA’s budget
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will change the amounts requested for the programs described below [tech-
nology development and demonstration; heavy-lift and propulsion research
and development; robotic exploration precursor]. An update to the NASA
bud}fet’ Justification will be provided as soon as possible, but in the next few
weeks.”

e On May 12, 2010, Administrator Bolden testified at a Senate Commerce,
Science, and Transportation hearing that “NASA expects to submit a revised
FY 2011 budget request to Congress in the near future that will identify fund-
ing requirements for the restructured Orion crew capsule.” In addition, Mr.
Bolden stated during the hearing that the Orion variant will launch on an
Evolved Expendable Launch Vehicle (EELV), however there are no details on
what the EELV would cost, whether design changes would be required, when
the vehicle could be available and how it would be funded within the FY 2011
budget plan for NASA.

Prior to the April 15, 2010 announcement about Orion, Administrator Bolden
was quoted in a March 30, 2010 article in Aviation Week and Space Tech-
nology as expressing his interest in a “common crew capsule” during a Senate
Appropriations Hearing held on March 23, 2010. “For his part, Bolden says
he favors development of a ‘common crew module’ that could fly on several dif-
ferent commercial launch vehicles.” According to the article Mr. Bolden also
stated: “I would like to help the commercial entities design a single crew mod-
ule, because it’s good for us to train,” he says. “You don’t have to train crews
for multiple crew modules, and that can be used interchangeably on any
launch vehicle.” 1t is not clear whether NASA has discussed this option with
potential commercial crew providers, whether they have any interest in such
an approach, and whether it is consistent with a “commercial” approach to
crew transfer.

3. Is the Proposed ISS Extension Program Funded and Organized to Accommodate
the Extension?

The NASA Authorization Act of 2008 [P.L. 110-422] states that “The Adminis-
trator shall take all necessary steps to ensure that the International Space Station
remains a viable and productive facility capable of potential United States utilization
through at least 2020.”

The NASA FY 2011 budget request includes the proposal to extend use of the ISS
beyond 2016, likely through 2020 or beyond, in order to utilize the orbiting facility
as a basic research facility and a test bed for exploration technology development
and demonstrations. NASA is requesting $2.78 billion in its proposed FY 2011 budg-
et to support these efforts and to initiate activities to increase ISS functionality.
Under the revised April 15th plan there are no changes to extension of the ISS,
however the revised plan restructures Orion to “provide stand-by emergency escape
capabilities for the Space Station.” There are several issues on the research and con-
tingency plans to support enhanced utilization and an extension of the ISS that
have yet to be defined.

Issues That Need to Be Addressed on ISS Extension

e The proposed FY 2011 budget plan does not make clear how much of the in-
crease will be used to support enhanced ISS utilization. Although the budget
proposes $50 million a year for ISS research as part of the budget for 1SS
operations, there are no details on what the budget would support. NASA has
indicated to Committee staff that the content of the ISS research budget has
not yet been defined.

e In addition, the budget request does not identify the proposed budget for
microgravity research as mandated in Section 204 of the NASA Authorization
Act of 2005 [P.L. 109-155]: “Beginning with fiscal year 2006, the Adminis-
trator shall allocate at least 15 percent of the funds budgeted for ISS research
to ground-based, free flyer, and ISS life and microgravity science research that
is not directly related to supporting the human exploration program.” Con-
gress will need to understand the extent to which the budget request will sup-
port congressionally-mandated research and enhanced utilization of the ISS.

e Multiple users and stakeholders are discussed with respect to ISS utilization,
including universities and basic researchers, NASA mission programs, com-
mercial and private entities as well as other Federal agencies that are part-
ners in the ISS National Laboratory. In his prepared statement to the Senate
Committee on Commerce, Science, and Transportation in a hearing on U.S.
Human Spaceflight held on May 12, 2010, Administrator Bolden stated that
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“NASA will initiate an independent organization, as recommended by the Au-
gustine Committee and the National Research Council that will support the
space station research community.” Congress will need further details to un-
derstand how the priorities for utilization resources will be established among
these users and stakeholders, the roles and responsibilities of this proposed
independent organization and how it will be selected and funded.

The NASA Authorization Act of 2008 directed NASA to develop a contingency
plan for cargo transportation to and from the ISS should the commercial
cargo services be delayed, unavailable for extended periods, or experience a
failure. NASA’s “Logistics Contingency Plan for the International Space Sta-
tion” transmitted to the Committee in response to the 2008 Authorization di-
rection does not provide a clear contingency plan. The report stated that:
“Cargo vehicles require 2-3 years of lead time for production and processing,
and international partner vehicles have a production schedule based on cur-
rent predicted needs. There is no plan to have additional vehicles in produc-
tion to cover for delays in commercial cargo services. However, actual cargo
manifesting can be adjusted closer to the planned flight dates. Therefore, the
primary contingency plan is to closely monitor on-orbit systems and cargo de-
mands and adjust as needed. This may include not having to fly spares as
soon as currently predicted, or reducing utilization to meet an emerging need.”

While the proposed FY 2011 budget plan includes an extension of the ISS to 2020,
Congress continues to lack several details and plans that are needed to ensure that
the infrastructure, plans, and resources would be in place to support the ISS exten-
sion and utilization.

4. Should Congress Support the Proposal to Develop and then Rely on Commercial
Cargo and Crew Capability as the Nation’s Access to Low Earth Orbit?

The proposed plan in the FY 2011 budget does not include a U.S. government ca-
pability to launch American astronauts and to deliver cargo to the ISS. NASA plans
to rely on commercially provided cargo transportation services for ISS resupply
starting in the 2011 timeframe using its Commercial Resupply Services (CRS) con-
tract. NASA is currently funding two partners in the Commercial Orbital Transpor-
tation Services (COTS) Program to develop and demonstrate commercial cargo deliv-
ery capability to the ISS—Space Exploration Technologies Corporation and Orbital
Sciences Corporation.

When the Space Shuttle is retired, NASA anticipates that crew access to the ISS
will be provided by acquiring seats on Russian Soyuz spacecraft until the 2016 time-
frame.

Under the president’s proposal, the agency plans to cease using Soyuz spacecraft
at that time and anticipates using commercially-provided crew transport services in-
stead. Funding in FY 2011 for ISS cargo/crew is about $857 million; a total of $5.77
billion is projected for the period of FY 2011 through FY 2015. The FY 2011 budget
requests an additional $312 million—a 62% increase in the cost of the COTS pro-
gram—to expedite ISS cargo development and to help ensure mission success. Ac-
cording to NASA’s budget justification, “The Commercial Crew Program will provide
$6 billion over the next five years to support the development of commercial crew
transportation providers to whom NASA could competitively award a crew transpor-
tation services contract . . .” The revised April 15th plan makes no changes to the
plan to rely on the use of commercial services to deliver cargo and crew to and from
the ISS, although in adding a crew rescue vehicle, the revised April 15th plan elimi-
nates the crew rescue requirement for potential commercial crew providers.

Does Congress Have the Analytical Basis to Support a Decision on Commercial
Crew?

In her opening statement for the March 24, 2010 Subcommittee on Space and Aer-
onautics hearing on NASA’s human spaceflight programs, Chairwoman Giffords
summarized the status of a series of issues examined at a series of Committee and
subcommittee hearings held:

“The clock is ticking. It is now almost two months since the Administration’s FY
2011 budget request for NASA was submitted to Congress, and there are still too
many unanswered questions surrounding it.”

“In place of good explanations and solid rationales for such sweeping and frankly
puzzling changes, we have been given a combination of unpersuasive arguments and
‘we’re working on the details’ responses.
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For instance, the commercial crew proposal is lacking all of the basic information
that a would-be investor would demand before committing funds to a project. For ex-
ample:

What’s the proposed cost to the government to develop these systems?

How much, if any, of the development cost will be shared by the companies?
How much will it cost NASA to buy these services?

What else will NASA have to provide to make—and keep—the companies’ oper-
ations viable?

When can we credibly expect these services to be operationally available and
will they meet our expectation of what is safe enough?

What recourse will NASA have if the companies fail to meet safety standards,
cost, schedule and performance?

Finally, is there any significant non-NASA market for these services; is it a
viable one; and is it one we should use scarce tax dollars to promote?”

It is now two months after the March hearing, the Committee still lacks critical
details and information about the plan.

It is unclear what the government is buying for the proposed $6 billion to fos-
ter the development of commercial crew capability—a capsule, a launch vehi-
cle, or both? The FY 2011 budget request states that “Unlike the COTS pro-
gram, which exclusively funded entirely new and integrated systems (launch
vehicles plus capsules), this program will also be open to a broad range of
commercial proposals including, but not limited to: human-rating existing
launch vehicles, developing spacecraft for delivering crew to the ISS that can
be launched on multiple launch vehicles, or developing new high-reliability
rocket systems.”

NASA has provided no information as to whether the $6 billion requested is
the government’s total share needed to complete the proposed commercial
crew demonstrations or whether additional government support would be re-
quired for developing commercial crew capability. This information is purport-
edly to be informed by responses to a Request for Information, which was re-
leased on May 21, 2010.

O However, this issue takes on greater significance in light of comments re-
ported in a recent issue of Space News by the director of business devel-
opment for United Launch Alliance (ULA), one of the potential commer-
cial crew transport providers. The April 5, 2010 article says that “As
NASA devises its strategy for fostering development of a commercial suc-
cessor to the space shuttle, the Nation’s primary rocket builder is cau-
tioning the agency not to count on industry for a substantial upfront in-
vestment in an endeavor rife with uncertainty.”

In response to Chairwoman Giffords’ request noted earlier, the Aerospace
Corporation stated that it was given the cost to assume in its affordability
analyses for developing multiple commercial crew systems; it did not inde-
pendently develop that cost.

Details on the basis for the budget estimate of $6 billion for developing com-
mercial crew capability are still needed.

O The Augustine committee report estimated the DDT&E cost to NASA
would be $3 billion and would involve two commercial competitors and
a government-provided rocket. The Aerospace Corporation’s responses to
Chairwoman Giffords stated that: “Aerospace did not independently de-
velop the basis for the $3B initial estimate. The Committee did not ask
Aerospace to independently verb the $3 billion figure. In fact, no
verification could be performed given the Committee’s statement that this
dollar amount was simply NASA’s portion of the total cost.” The Aero-
space responses also noted that “The Committee’s final estimate of the
cost of the program to NASA was approximately $5 billion. It was as-
sumed that additional private investment funding would be required to
complete the DDT&E.”

O NASA officials told Committee staff that NASA plans to use the $6 bil-
lion to support developing commercial crew capability in 3—4 companies.

O The Aerospace Corporation’s responses to Chairwoman Giffords further
indicate the approximate cost estimate proposed by the Augustine com-
mittee is consistent with the historical cost of developing a single crew
transportation system to carry 1-2 crew (Figure A.1). However,
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Aerospace’s analysis suggests that for a crew of 4, development costs for
a crew capsule and a launch abort system could be substantially higher.
When adding a launch vehicle, the costs could increase even more. Aero-
space notes that “Gemini is the closest historical program to the commer-
cial crew capsule. While we have chosen to plot development cost vs. crew
size, the complexity of the system is a function of human-rating require-
ments, destination and capability.”

O Indeed, the data plotted in the Aerospace responses give serious grounds
for concern that the Augustine committee’s assumed cost estimate may
understate the actual costs of developing commercial crew by at least a
factor of two or more, especially when the additional cost of providing a
“suitable version of an existing booster,” e.g., human-rating an EELV, is
added—something that Aerospace has independently estimated could cost
up to an additional $11 billion, depending on the capsule/launch abort
system chosen, if ground infrastructure costs are included. It goes with-
out saying that given NASA’s constrained budget, the impact of any such
cost growth in the proposed commercial crew program would have to be
absorbed by NASA’s other programs.

O Given the lack of independent analysis provided to Congress to justify

the $6 billion estimate and the Aerospace Corporation’s own analysis of

potential commercial crew development costs, the credibility of NASA’s
proposal remains to be demonstrated.
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e In addition to the development cost, NASA has provided no independently de-
rived estimates of the potential cost of procuring crew transportation services.
According to the Aerospace Corporation, “The Committee provided the com-
mercial crew transportation assumptions that assumed a price of $200M FY
09 per flight at a rate of 2 flights per year. Using a historical cost growth fac-
tor for operational systems, Aerospace increased the cost per flight to $250M
FY09. The Committee did not define the crew capacity of the commercial crew
vehicle. Based on the 2 Gemini-class crew module discussed above . . . . the
cost per seat would be on the order of $125M FY09 but would vary with crew
size.

e The timeline for the availability of commercial crew is also in question. The
Aerospace Corporation did not independently develop or verify the 2016 esti-
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mate for the availability of the commercial crew capability. In fact, Aerospace
was told to assume a date of 2016 for when a commercial capability would
become available. Aerospace said that “The Committee provided the schedule
estimate for the commercial crew scenario as an input assumption, which was
then used for the subsequent affordability analyses.” Aerospace also said that
it “has not performed any analysis or assessment of the length of time it would
take to develop, demonstrate, and contract for an operational commercial crew
transport service.”

Information on when the government will need to contract for crew services
to meet an anticipated commercial crew timeframe and the cost of crew serv-
ices is needed to evaluate the government’s complete plan and cost for getting
American astronauts to the ISS on commercial vehicles.

O Aerospace raised questions related to the acquisition steps the govern-
ment would need to follow to develop and procure commercial crew trans-
port services—steps which Aerospace stated “typically take on the order
of many months,” but the Augustine committee did not request any anal-
ysis of the impact of those steps on the cost or schedule for commercial
crew—and there is no indication that the impact of those steps was con-
sidered when the Administration’s plan was formulated. Indeed, Aero-
space said in response to one of Chairwoman Giffords’ questions that
“This is a critical question. While we raised these questions in the develop-
ment of our work for the Committee, we were not tasked to develop this
analysis. Subsequent to the release of the Committee Report, we have met
with the NASA Administrator and key staff to discuss these issues. To our
knowledge, NASA is currently evaluating these steps. Based on
Aerospace’s prior experiences on a wide range of government acquisition
activities, the acquisition-related steps are numerous, and include such
steps as described in the Question 4 above. These steps typically take on
the order of many months.”

Details on how development of a crew rescue vehicle for the ISS would “sim-
plify requirements for other commercial crew providers” need to be understood
in terms of, for example, any changes in the potential cost and schedule esti-
mate for developing commercial crew capability. For example, will the sim-
plification involve a consequent reduction in the $6 billion allocated for devel-
oping commercial crew capability?
Details on which sector—government or commercial—would fund the needed
supporting infrastructure, including mission control, have not been provided.
O In addition, details about programs that would support the commercial
crew capability and a commercial space market are also needed. For ex-
ample, the proposed FY 2011 budget also requests $428.6 million in FY
2011 and $1.9 billion over five years for a 21st Century Space Launch
Complex, in part to attract new customers, including potential commer-
cial crew companies, to the Florida space range. NASA has not provided
the requirements for the proposed complex, a detailed plan for the initia-
tive, or a rationale for the funding requested. In addition, the administra-
tion has not provided a break-out of how the money would be spent. The
requirements for the proposed Complex will be derived from a Request
for Information that NASA plans to issue in the near term, according to
NASA officials who briefed Committee staff on the status of planning for
the Complex. Although NASA officials indicate that detailed planning for
the proposed Complex would involve interaction with the U.S. Air Force,
which operates the Cape Canaveral Air Station, the Air Force is cur-
rently in the process of analyzing its launch enterprise strategy for which
it has requested $51 million in FY 2011 for launch modernization at
Cape Canaveral and Vandenberg—a funding level that is almost an
order-of-magnitude less than is being proposed just for the Cape in
NASA’s FY 2011 budget request. Without details on the requirements for
the Space Launch Complex, a detailed plan, a rationale for the level of
funds requested and further information on how the money would be
spent, it will be difficult for Congress to evaluate the credibility or ur-
gency of the 21st Century Space Launch Complex initiative.

Another policy issue to be addressed in considering the proposal to turn U.S. as-
tronaut transportation over to the private sector is the extent of the government’s
role in supporting and sustaining a “commercial” market.
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In his opening statement at the Committee’s February 25, 2010 hearing on
NASA’s Fiscal Year Budget Request, Chairman Gordon posed the following ques-
tions:

e “Do you have concrete evidence that you can provide us that shows that there
will be sufficient non-NASA commercial crew transport markets to keep these
companies viable, or is NASA going to be on the hook to do whatever it takes
to keep them in business since NASA will have no other means of getting into
orbit?” “That is, will NASA’s actions make these companies “too important to
fail” despite the lack of any significant existing markets for their proposed
services—uwith all of the implications for the American taxpayer inherent in

that phrase?”
O In response, Administrator Bolden stated: that “unfortunately, it is not—
we at NASA have not done any market surveys nor have . . . I offered

to do that or asked to do it, so I am depending upon surveys and informa-
tion that has come from the industry themselves.”

According to an unofficial transcript of a hearing that reviewed NASA’s human
spaceflight plans held by the Senate Committee on Commerce, Science, and Trans-
portation on May 12, 2010, NASA Administrator Bolden stated:

o “I have always said, I will do everything in my power to facilitate the success
of the commercial entities in access to low-Earth orbit. I have to have that.”
He also said, “You know, I have to look at the possibility that the commercial
sector may have difficulty, and we will do everything in my power to facilitate
their success.”

Captain Eugene Cernan testified at that same hearing that Mr. Bolden dis-
cussed with him his concern about when commercial crew capability might
become available, had said that NASA might have to subsidize them, and
that “i¢ may be a bailout like GM and Chrysler; as a matter of fact, it may
be the largest bailout in history,” according to the unofficial transcript of the
hearing.

Does Congress Have the Facts and Analysis to Have Confidence in the Safety of Pro-
posed Commercial Crew Services?

The Subcommittee on Space and Aeronautics examined several issues related to
safety and human spaceflight in its December 2009 hearing, “Ensuring the Safety
of Human Space Flight.” The hearing made clear that establishing and enforcing
safety standards for the transport of crew on commercially provided orbital crew
transportation services is in many ways uncharted territory. A process has yet to
be advanced by the government on how the “airworthiness” of commercial
spaceflight vehicles used to transport government passengers will be “certified.” Sev-
eral issues need to be addressed in order for Congress to have the data and analysis
of how safety will be ensured in proposed commercial human spaceflight systems.

In her opening statement at that hearing, Chairwoman Giffords said:

“As several of the witnesses at today’s hearing will testify, the Constellation
program strove to respond to the recommendations of the Columbia Accident
Investigation Board in the design of Ares and Orion.

The result is a system that is calculated to be significantly safer than the
Space Shuttle, and 2 to 3 times safer than the alternative approaches consid-
ered by NASA.

Given that, I think the burden of proof has to be put on those who would devi-
ate from Constellation program to demonstrate that their alternative crew
transportation systems will be at least as safe, if not safer than the Ares/Orion
system.”

Addressing the latter issue that Chairwoman Giffords raised involves several
questions and issues:

o What will be required to verify commercial providers’ compliance with future
government-developed safety standards for human spaceflight?

o Commercial companies are currently developing launch systems that would
potentially be used to carry crew. What are the implications of implementing
safety standards after a vehicle has been designed and developed?

o What is needed to develop and implement new safety processes, testing and
verification procedures?

o What is involved in establishing a new regulatory regime for certification?
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e What training and familiarization with non-NASA crewed spacecraft and
launch vehicles would astronauts flying on such non-NASA spacecraft and
launch vehicles need in order to deal with off-nominal conditions, contingency
operations and emergencies?

o What contingencies would be in place should commercial crew providers expe-
rience delays, failures, or be unavailable for an extended period of time?

e How will any differences in safety risk among potential crew transportation
systems be addressed, even if those systems meet safety standards?

Mr. John Marshall, a member of the Aerospace Safety Advisory Panel who testi-
fied at the hearing made a comment in his prepared statement: “there is no cookie-
cutter approach to safety in space.” Mr. Marshall articulated in his prepared state-
ment several challenges that need to be addressed in ensuring the safety of NASA
astronauts on commercial crew transportation providers to low-Earth orbit:

O “Establishing detailed safety requirements that NASA deems essential to
safe flight. These must be in a clear and enforceable form that can be
placed on contract(s) and tested for compliance.

O . . . establishing minimum acceptable safety levels to guide system de-
signs and set the baseline for both NASA and their contractors as to what
is ‘safe enough’ is critical.

O Even with clear safety requirements and levels, much of the inherent safe-
ty of complex systems like spacecraft depends upon the design choices and
decisions where risks are weighed against performance, costs, and of
course, schedules. An open and effective system has been developed within
NASA to accomplish this. A similar process needs to be institutionalized
by any commercial provider as well, whereby all potential hazards are
properly vetted by both government and contractors. This will not be easy
and may require more than the ‘hands off approach envisions by some.

) Establishing disciplined program and process-related checks and balances
so that NASA can verify that the contractor has evidence of compliance
with the launch vehicle design requirements in the as-built vehicle and
successful completion of the activities necessary to demonstrate mission
readiness.”

O

In discussions about safety, there have been repeated references to NASA’s over-
sight of safety for any commercial crew system. Accordingly, in testimony to the
Senate Committee on Commerce, Science, and Transportation’s May 12, 2010 hear-
ing on the future of U.S. human spaceflight, Dr. John Holdren, Director of the Office
of Science and Technology Policy said, “Safety will remain under the oversight of
NASA. This gentleman on my left was in charge of safety for the Astronaut Corps
when he was an astronaut. He knows how important that is. While Charlie Bolden
is Administrator of NASA, there’s going to be no shortfall in the oversight of the pri-
vate sector in delivering astronauts to Earth orbit in terms of safety. I just wanted
to make that one point because it has come up from time to time.” What “oversight”
means in terms of NASA’s role and the costs to accomplish the oversight have not
been discussed and needs to be understood.

5. Should Congress Support NASA’s Advanced Technology Initiatives?

According to NASA, the agency’s Exploration Systems Mission Directorate
(ESMD) will manage activities aimed at advancing technologies needed to expand
human exploration opportunities, reduce mission costs, and contribute NASA inno-
vation to broader national challenges and applications, will be funded in and man-
aged by ESMD. ESMD’s Exploration Technology and Demonstrations activities are
proposed to be funded at $652.4 million in FY 2011; a total of $7.82 billion is pro-
jected for the period of FY 2011 through FY 2015 to develop and carry out flagship
technology projects.

ESMD will also lead research and development (R&D) activities related to space
launch propulsion technologies. The agency proposes in its budget justification that
this propulsion R&D effort include development of a U.S. first-stage hydrocarbon en-
gine for potential use in future heavy lift (and other) launch systems, as well as
basic research in areas such as new propellants, advanced propulsion materials
manufacturing techniques, combustion processes and engine health monitoring. The
proposed FY 2011 funding level for heavy lift and propulsion technology is $559 mil-
lion; a total of $3.1 billion is projected for the period of FY 2011 through FY 2015.
The April 15th plan included a decision date for a heavy lift vehicle by 2015. The
issues related to heavy lift are described in a later section of the charter.

In addition, the FY 2011 budget request proposes a program of robotic precursor
missions to send spacecraft to “to candidate destinations for human exploration such
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as the Moon, Mars and its moons, Lagrange points, and nearby asteroids to scout
targets for future human activities, and identify hazards and resources that will de-
termine the future course of expanding human civilization into space.” The FY 2011
budget plan proposes an investment of $125 million in FY 2011 and a total of about
$3 billion for FY 2011- 2015 on the robotic precursor program. The revised April
15th plan makes no changes to the proposed robotic precursor mission program.

Issues Related to Advanced Technology Initiatives

e In his testimony to the Senate Commerce, Science and Transportation Com-
mittee hearing on May 12, 2010, Administrator Bolden provided a list of the
initial technology development projects that will be pursued as part of the ad-
vanced technology programs as well as list of the dates by which those
projects will be completed. His prepared statement, however, cautions that
the initial plans may change: “Please note these are preliminary ESMD plans
that may need to be modified following finalization of Agency plans regarding
the restructuring of the Orion crew capsule.”

A recently released pre-publication version of a report by the National Acad-
emies, Capabilities for the Future. An Assessment of NASA Laboratories for
Basic Research stated that “The fundamental research community at NASA
has been severely impacted by the budget reductions that are responsible for
this decrease in laboratory capabilities, and as a result NASA’s ability to sup-
port even NASA’s future goals is in serious jeopardy.” The study found that
“Over 80 percent of NASA facilities are more than 40 years old and need sig-
nificant maintenance and upgrades to preserve safety and continuity of oper-
ations for critical missions.” The report further stated that “Deferred mainte-
nance grew from $1.77 billion to $2.46 billion from 2004 to 2009, presenting
a staggering repair and maintenance bill for the future.” In addition, “The
equipment and facilities at NASA’s fundamental research laboratories are in-
ferior to those . . . at comparable laboratories at DOE, at top-tier universities,
and at many corporate research institutions.” The president’s budget request
does not appear to contain specific funds to deal with the facilities issues
raised in the National Academies report.

In his prepared statement to the Subcommittee on Space and Aeronautics’
hearing held on March 24, 2010, Mr. A. Thomas Young, Lockheed Martin
(ret.), stated: “The technology program identified in the proposed budget lacks
definition and focus.”

Congress needs the details on the basis and justification for the funding levels
proposed for the technology programs, an understanding of the priorities for the pro-
grams and how they relate to the overall strategy and the implications of the need
to fund a crew rescue vehicle on the technology initiatives. To date, this information
has not been provided.

6. ghould ?Congress Support the Plan to Make a Decision on a Heavy-Lift Vehicle
y 20157

The Constellation Program includes the Ares V cargo launch vehicle which, ac-
cording to the FY 2010 budget request for NASA, “is designed to provide the heavy-
lift capability for the Constellation architecture. The vehicle consists of a 6-engine
core stage, two five-and-half segment solid rocket boosters, and an Earth departure
stage (EDS) powered by a restartable J-2X engine. The EDS serves as the vehicle’s
second stage, and is key to injecting the lunar lander and EDS stack into the low
Earth orbit staging for rendezvous and dock with Orion. After the EDS performs the
trans-lunar injection burn for the lander and Orion, it will be jettisoned.”

The proposed human spaceflight plan does not include development of a heavy-
lift vehicle. Instead the plan focuses on research and development in heavy-lift capa-
bilities that would inform a decision on a launch vehicle. This is a point of departure
from the Augustine committee report—often referenced as a key input into the pro-
posed new plan—which included the importance of a heavy-lift launch vehicle
among its principal findings. Mr. Augustine noted in testimony to the Senate Com-
mittee on Science, Transportation, and Commerce on May 12, 2010 that a key dif-
ference between the Augustine committee’s Option 5B and the administration’s plan
is that: “One is that our option went ahead with the development of the heavy-lift
launch vehicle right away, rather than wait up to 5 years.”

To demonstrate a concrete timetable and commitment for expanding human ex-
ploration further into space, the president announced in his April 15, 2010 remarks
that, in addition to investing in heavy-lift technologies, NASA would “finalize a
rocket design no later than 2015 and then begin to build it. That’s at least two years
earlier than previously planned . . . .” The Office of Science and Technology Fact
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Sheet on the president’s April 15th address stated that “This new rocket would even-
tually lift future deep-space spacecraft to enable humans to expand our reach toward
Mars and the rest of the Solar System. This new rocket would take advantage of the
new technology investments proposed in the budget—primarily a $3.1 billion invest-
ment over five years on heavy-lift R&D.” That Fact Sheet calls out “development of
a U.S. first-stage hydrocarbon engine for potential use in future heavy lift (and other)
launch systems.”

While the date of 2015 has been proposed as a decision point on the heavy-lift
vehicle, it is not clear what that decision point means.

e In his prepared statement for the May 12, 2010 Senate Commerce, Science
and Transportation hearing on U.S. human spaceflight plans, Dr. John
Holdren, director of the Office of Science and Technology Policy, stated: “The
President also directed in his speech that NASA be in a position to select a
heavy-lift rocket design by no later than 2015 for its future mission beyond
Earth’s orbit.” Dr. Holdren’s statement went on to say that “It is currently an-
ticipated that this decision would set the general configuration of the vehicle,
as well as target performance levels and other attributes. A more detailed and
mature design for this vehicle likely would need to be completed following this
initial decision, as part of a subsequent development effort.”

e In his prepared statement for the Senate hearing, Mr. Bolden said, “the Presi-
dent specifically recognized the need for a heavy lift launch capability to carry
humans beyond LEO by requiring a decision a vehicle design no later than
2015. Such a decision would include setting performance goals, identifying lift
capability and selecting the general vehicle design—work that will ultimately
lay the path for launching a spacecraft for crewed missions into deep space.”

By 2015, will NASA be in the position of building a vehicle, having completed
most of the design and development process, or will NASA be in the position of just
having defined which type of vehicle to design and develop? What is the return on
the $3.1 billion investment that Congress is being asked to support? These poten-
tially different decision milestones in 2015 will have significant implications for the
timeline of developing a heavy-lift vehicle to support exploration beyond low-Earth
orbit and to achieve the administration’s goal of human travel to a near-Earth aster-
oid by 2025.

What Additional Information Does the Congress Need Regarding the Proposed Heavy
Lift Launch Vehicle?

NASA’s May 2010 Request for Information on “Heavy Lift Launch System and
Propulsion Technology” requests that industry “Provide information regarding your
potential launch or space transportation architectures (expendable, reusable, or a hy-
brid system) that could meet multiple customer needs (e.g., NASA, DoD, and Com-
mercial).” The Request for Information raises a number of questions: What is
NASA’s strategy for developing heavy-lift capability? Will DOD co-fund the develop-
ment? Will the system be designed to meet multiple agency requirements, and if so,
what are the advantages and disadvantages to this approach? How does the involve-
ment of other agencies and the commercial sector affect the timeline and process
for moving forward on a heavy-lift architecture?

In addition, according to NASA’s planning timeline, NASA would fund develop-
ment leading to a hydrocarbon engine demonstration that would occur in the 2015
timeframe; an operational hydrocarbon engine would be available in the early
2020s. NASA has not provided a rationale for completing an engine development
program in parallel with developing a heavy-lift launch architecture that may or
may not use that engine. Important questions remain regarding how an engine re-
search and development program will proceed and when a heavy-lift vehicle would
be available to support crewed missions beyond low-Earth orbit. NASA has ex-
plained that prior to sending a crewed mission to an asteroid in 2025, several
crewed precursor flights would be needed including cislunar and circumlunar mis-
sions. Without supporting details to establish when the required spacecraft, heavy
lift vehicle and other required systems will be in place, the timeline for achieving
a human mission to an asteroid must remain uncertain.

Congress needs to understand:

o When will a heavy-lift vehicle need to be ready, including an operational new
engine if one is used, in order to support initial circumlunar and cislunar mis-
sions in preparation for a crewed mission to an asteroid in 2025? Is NASA’s
plan viable?

o What are the estimated costs of developing a new engine and how do they com-
pare to the anticipated long-term cost savings for that engine? How does it
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compare to the cost of pursuing evolvable heavy lift capabilities using the Con-
stellation architecture approach?

e When will a crew exploration vehicle for travel beyond low-Earth orbit need
to be ready to support initial circumlunar and cislunar missions proposed to
take place prior to 2025? When does a decision on that vehicle and subsequent
(Zi)l?v?elopment need to take place to support that timeline? Is NASA’s plan via-

e?

o Will the success or failure of heavy lift research and development and other
advanced technologies, such as in-space refueling, dictate where and when
human exploration missions can be conducted?

o Will the heavy lift vehicle be a government or commercially provided system?

7. To What Extent Can the Plan that Congress is Being Asked to Support Be Exe-
cuted Within the Proposed Budget?

Among its principal conclusions the Augustine Committee found that:

e The current U.S. human spaceflight program is on an “unsustainable trajec-
tory,”

o “Human exploration beyond low-Earth orbit is not viable under the FY 2010
budget guideline,” and

o “Meaningful human exploration is possible under a less-constrained budget,
increasing annual expenditures by approximately $3 billion in real purchasing
power above the FY 2010 guidance.”

The goal of a sustainable human spaceflight program is stated as a recurring
theme of the FY 2011 budget request: “The Exploration Systems Mission Directorate
(ESMD) will lead the Nation on a course of discovery and innovation that will pro-
vide the technologies, capabilities and infrastructure required for sustainable, afford-
able human presence in space.” Following the president’s remarks on revisions to his
proposed human spaceflight strategy, Presidential Science Advisor, Dr. John
Holdren characterized the president’s new plan as “more flexible, more practical,
niore productive, and more affordable, but also more visionary” than the existing
plan.

According to Mr. Augustine, who spoke at the April 15th Kennedy Space Center
event, the overall portfolio of the proposed plan is “very close to” the Augustine com-
mittee’s proposed option 5B. As described in the Augustine committee report, option
5B “employs an EELV-heritage commercial heavy-lift launcher and assumes a dif-
ferent (and significantly reduced) role for NASA. It has an advantage of potentially
lower operational costs, but requires significant restructuring of NASA . . . . The
choice between NASA and EELV heritage is driven by potentially lower development
and operations cost (favoring EELV-heritage systems) is driven by potentially lower
development and operations cost (favoring the EELV-heritage systems) vs. continuity
of NASA’s system design, development and mission assurance knowledge and experi-
ence, which would provide higher probability of successful and predictable develop-
ments (favoring NASA systems). EEL V-heritage launch systems, due to their lower
payload performance, would require significantly greater launch and mission com-
plexity to achieve the same total mass in orbit. The EELV option would also entail
substantial reductions in the NASA workforce and closure offacilities necessary to ob-
tain the expected cost reductions.”

It is worth noting that DOD is reported to be developing plans for replacing its
existing EELVs due to escalating costs of the EELV program. Furthermore, in the
near term, DOD has expressed concern about the impact producing a human-rated
EELV might have on the Air Force. In a recent interview in Defense News, the Air
Force’s Deputy Undersecretary for Space Programs said:

“If some commercial company or companies want to use the EELV for human ac-
cess to the space station, we’d have to look very closely at changes to the rockets’ de-
sign in order to accommodate people. And any of those changes we’d have to manage
very closely so that they don’t ripple in to the Air Force design, which has been very
successful with 31 successes out of 31 attempts. My view is, if it works, don’t fix it.”

When it analyzed the integrated options described in its report, including option
5B, the Augustine committee used two budget scenarios: the FY 2010 budget re-
quest for human spaceflight, as directed within the Augustine committee’s charter,
and a “less-constrained planning budget” that increased “from the FY 2010 budget
number to a sum $3 billion higher in 2014, and then rose at an expected inflation
rate of 2.4 percent thereafter”.

Table 1, below, shows the year by year budget figures projected for the Augustine
committee’s less constrained scenario, the FY 2010 budget request, extended with
inflation (as prepared by the Aerospace Corporation for the Augustine committee),
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and the FY 2011 budget request, also extended with inflation. The budget figures
for the Augustine committee’s less constrained scenario and the FY 2010 budget re-
quest include the Space Shuttle, ISS, total Exploration budgets, and Exploration in-
frastructure sustainment at KSC. The FY 2011 budget column includes the same
elements, the 21st Century Launch Complex and half of the Space Technology Pro-
gram (minus the Innovative Partnership Program budget), with the assumption that
half of Space Technology investments will be devoted to Science. What becomes
clear from Table 1 is the growing gap between what the Augustine committee found
was necessary for “meaningful human exploration” and what is requested within the
FY 2010 and FY 2011 budgets for NASA’s human spaceflight programs and explo-
ration technology development as one looks at the outyear budget totals. While the
overall FY 2011 NASA budget includes a $6 billion increase over five years above
the FY 2010 budget, Table 1 shows a significant gap between the Augustine commit-
tee’s less constrained scenario and the FY 2010 and FY 2011 budget projections for
human spaceflight/ technology programs. Under the administration’s FY 2011 budg-
et request, the new strategy proposed for human spaceflight, while similar to the
Augustine committee’s Option 5B, would be funded at a level that falls almost $11
billion below the Augustine committee’s projected resource need for that content
within the first five years (from FY 2010-FY 2015) of implementation. That gap
grows to $27 billion over ten years and by FY 2025, the FY 2011 budget guidance
falls $47 billion short of what the Augustine committee determined would be nec-
essary for a meaningful exploration program.

As part of its conclusions, the Augustine committee found that there was no “rea-
sonable exploration program (e.g., with different heavy-lift vehicles, or a different ex-
ploration destination) [that] would fit within the FY 2010 budget guidance.” In addi-
tion, in the chapter on “Concluding Observations” the Augustine committee states
that “Perhaps the greatest contributor to risk in the space program, both human and
financial, is seeking to accomplish extraordinarily difficult tasks with resources in-
consistent with the demands on those tasks.” Mr. Augustine echoed this guidance in
his testimony on May 12, 2010 to the Senate Committee on Commerce, Science, and
Transportation: “The most important request I would make to this Committee on be-
half of my colleagues on the Human Space Flight Committee was that whatever pro-
gram is approved, that its goals match the budget. Otherwise, I think we’ll all be
back here ten years from now having this same discussion.” The comparisons shown
in Table 1 do not provide grounds for confidence that the proposed FY 11 strategy
is sustainable, affordable and matched to the resources requested for it.
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Table 1. Comparison of Budgets for Human Spaceflight/Technology

Change Change Change
Augustine From From From
Report (Less Previous Previous Previous
Constrainted Year FY2010 Year FY2011 Year
(all in millions of $) Options) (Augustine) Budget (FY10) Budget (FY11)
Assumed Inflation (%) 2.40 1.40 1.80
FY2010 9,387.20 9,387.20 9,236.20
FY2011 §,774.00 386.80 02400 | -363.20 8,647.90 | -588.30
FY2012 10,317.00 543.00 ,816.00 | -208.00 ,557.10 -80.80
FY2013 10,867.00 550.00 ,617.00 | -199.00 ,681.30 124.20
FY2014 11,681.00 14.00 6581.00 64.00 .978.20 296.90
FY2015 11,961.00 280.00 ,802.00 121.00 L067.10 .80
FY2016 12,248.00 287.00 8,925.23 123.23 9,230.3 163.21
FY2017 12,542.00 294.00 5,050.18 124.95 9,396.45 166.15
FY2018 12,843.01 301.0 176.88 126.70 9,565.56 169.14
FY2019 13,152.00 308.9¢ 30536 | 12848 | 9,737.77 | 172.18 |
FY2020 13,467.65 315.65 43564 | 130.28 | 9,813.0 175.28
FY2021 13,790.87 323.22 567.7 32.10 | 10,091.4 178.43
FY2022 14,121.85 330.98 89,7016 33.95 | 10.273.1 181.65
FY2023 14,460.78 38.92 9,837.5 35.82 | 10.458.0 184.92
FY2024 14,807.84 347.06 9,975.23 37.73 | 10,646.2 188.24
FY2025 15,163.22 55.39 10,114.88 139.65 | 10,837.9 191.63
Aggregate FY2010 Through
FY2015 63,987.20 53,327.20 53,167.80
Aggregate FY2010 Through
FY2020 128,239.86 99,220.49 101,010.97
Aggregate FY2010 Through
FY2025 200,584.42 148,417.53 153,317.85
Through Through Through
FY2015 FY2020 FY2025
Difference in Aggregates
| Augustine -FY10 Budget 10,660.00 | 29.019.37 | 52,166.89
Difference in Aggregates
Augustine -FY11 Budget 10,819.40 27,228.89 47 266.56
Difference in Aggregates
FY10 Budget - FY 11 Budget 159.40 -1,790.48 -4,900.33

Sources: The Aerospace Corporation, NASA, and “The Economic Assumptions
Underlying the Fiscal 2011 Budget, Christina D. Romer, Chair, President’s Council of
Economic Advisers, February 1,2010.”

8. What Will Be the Impacts to the Human Spaceflight Workforce and Industrial
Base Under the Proposed Human Spaceflight Strategy?

The retirement of the Space Shuttle and the proposed direction for NASA will
have major implications for the U.S. aerospace workforce and space industrial base.
In conceiving the Constellation Program, NASA integrated measures to facilitate
the transition of the Space Shuttle workforce to Constellation; the industrial base
was also considered. In implementing Constellation, NASA had established a bridge
so that a number of Shuttle and Space Station employees could devote a portion of
their time to developing experience and skills that are relevant to the Constellation
Program and that will facilitate their eventual transition to Constellation.

The proposed new direction for NASA’s human spaceflight programs raises new
issues and questions about the critical skills and knowledge of human spaceflight
operations that will need to be sustained over time, the ability to attract new talent
to the aerospace workforce and the potential state of the U.S. space industrial base.
In particular, what are the critical workforce skills and industrial capabilities that
need to be preserved as national assets, and what are the most effective ways to
preserve those assets? What would any significant cutback or change in direction
from the current Constellation Program mean for the aerospace workforce and space
industrial base? These issues and questions were examined in a Committee on
Science and Technology hearing on December 10, 2009 on Decisions on the Future
Direction and Funding for NASA. What Will They Mean for the U.S. Aerospace
Workforce and Industrial Base?

As Subcommittee on Space and Aeronautics Chairwoman Giffords stated in her
opening remarks:
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e “Make no mistake about it. The decisions we collectively make about the future
of our space program will have a lasting impact on our workforce, our indus-
trial base, and our standing in the world.

e As a result, I want our witnesses to give us their views on what we need to
consider when making those decisions so that the outcome will inspire our best
and brightest to pursue careers in aerospace-careers that will be vital to our
future competitiveness, national security, and quality of life.”

Witnesses at that hearing commented on the link between the NASA workforce
and industrial base and national security, how long-term experience affects the suc-
cess of human spaceflight and the need for continued, engaging participation in in-
spiring programs to maintain and pass on that experience to the next generation.

Mr. A. Thomas Young, Lockheed Martin (ret.) stated:

«

o “ . . spaceflight is not a typical technological activity. Because of the special
characteristics of spaceflight . . . a workforce is required that has the culture
and capabilities aligned with these characteristics. A workforce with the nec-
essary intellectual strengths and possibly even more important, the experience
and longevity to establish the sensitivity as to what is required for spaceflight
success. Today in government, universities and industry we have such a work-
force. It has evolved over decades of extraordinary successes and tragic failures
. . .. It is truly a national treasure. Without a challenging and meaningful
space program, this national capability will atrophy.”

Ms. Marion Blakey, President and Chief Executive Officer of the Aerospace Indus-
tries Association stated:

o “NASA is linked to the health of our industrial base . . .. we must also view
these jobs as a national resource critical to our nation’s technological capa-
bility and our national security. Aerospace talent lost to other industries may
be unrecoverable; new workers may take years to train. Additionally, if we lose
certain facilities that manufacture high-tech technologies, it may take years
and additional resources to bring them back.”

“this decision [on human spaceflightl, has a genuine impact on our national
security because you must remember that some of these particularly smaller
companies with unique capabilities and technologies . . . in fact also support
that fragile national security supply chain.”

Dr. Richard Aubrecht, Moog Inc. stated:

o “The people that we had that did the Space Shuttle and did the Apollo pro-
gram, they are about to retire, and the thing we are looking for the Constella-
tion to be is the transition to the next generation of people and to do the men-
toring . . . It goes from person to person. It is not in the drawings.”

Although the administration has proposed a number of steps to address workforce
issues, the following section illustrates the immature status of some of those pro-
posals and an overall lack of clarity to date on how the workforce initiatives will
work in an integrated fashion.

How Many New Jobs Will the Proposed Human Spaceflight Plan Create?

The president’s revised plan for NASA “leads to more than 2,500 additional jobs
in Florida’s Kennedy Space Center area by 2012” and “Jumpstarts a new commercial
space transportation industry to provide safe and efficient crew and cargo transpor-
tation to the Space Station . . . projected to create over 10,000 jobs nationally,” ac-
cording to the OSTP Fact Sheet.

In addition, “the Administration is launching a $40 million, multi-agency initia-
tive to help the Space Coast transform its economy and prepare its workers for the
opportunities of tomorrow,” according to an OSTP Fact Sheet on Florida’s Space
Workers and the New Approach to Human Spaceflight. Accordingly, in his remarks
at the Kennedy Space Center on April 15th, the president proposed “a $40 million
initiative—led by a high-level team from the White House, NASA, and other agen-
cies—to develop a plan for regional economic growth and job creation.” He directed
the plan to be delivered to him by August 15, 2010. In his prepared statement for
the May 12, 2010 Senate Commerce, Science and Transportation Committee hearing
on NASA’s human spaceflight plans, Mr. Bolden stated that “The $40 million for
this initiative will be taken from the funds requested for Constellation transition in
the original FY 2011 Presidential budget request.”

On May 3, 2010, The White House established a Task Force on Space Industry
Workforce and Economic Development “¢o develop, in collaboration with local stake-
holders, an interagency action plan to facilitate economic development strategies and
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plans along the Space Coast and to provide training and other opportunities for af-
fected aerospace workers so they are equipped to contribute to new developments in
America’s space program and related industries. The Secretary of Commerce and the
Administrator of NASA shall serve as Co-Chairs of the Task Force.” The program
“shall be implemented consistent with applicable law and subject to the availability
of appropriations.”

As part of its functions, the Task Force is directed to “provide leadership and co-
ordination of Federal Government resources to facilitate workforce and economic de-
velopment opportunities for aerospace communities and workers affected by new de-
velopments in America’s space exploration program.” In addition, the Task Force is
directed to develop a plan that, among other things, “recommends how best to invest
$40 million in transition assistance funding to ensure robust workforce and economic
development in those communities within Florida affected by transitions in America’s
space exploration program”. No similar initiatives or funds have been announced for
other regions affected by the cancellation of Constellation.

NASA has not provided details on the rationale for the estimated jobs to be cre-
ated, the types of jobs that will be created, and the extent to which the new jobs
at the Kennedy Space Center will help offset the workforce decline that will follow
the Space Shuttle retirement. An April 13, 2010 New York Times article notes that
a senior administration official pointed to a study conducted by the Tauri Group,
a consulting firm, and financed by the Commercial Spaceflight Federation, as the
source of the estimated 10,000 jobs to be created by the commercial space transpor-
tation industry. It is not clear whether NASA or the administration has independ-
ently verified this estimate as part of its projected level of jobs to be created through
commercial crew and cargo programs.

In addition, the proposed new strategy—specifically the cancellation of the Con-
stellation Program—reportedly could have significant implications for the health of
the solid rocket motor industrial base, which also supports ballistic missile pro-
grams. At a February 25, 2010 Committee on Science and Technology hearing on
“NASA’s Fiscal Year 2011 Budget Request and Issues,” the Committee requested
that the Administrator provide details on the extent to which NASA consulted the
Department of Defense on the FY 2011 budget plan and the implications it will have
on the industrial base and with whom in the Defense Department NASA consulted.
NASA has not yet provided those details.

Questions and Information Needed to Inform Congress’ Decision

e To what extent do the projected commercial-sector jobs preserve the critical
U.S. knowledge base of human spaceflight operations?

o What types of jobs would the new positions involve and at what skill levels?
To what extent would those commercial-sector jobs help mitigate the projected
Jjob losses to be experienced by the retirement of the Space Shuttle and the pro-
posed cancellation of the Constellation program?

o What assumptions, if any, have been made about the geographical locations
of the projected new commercial-sector jobs?

o s the Space Industry and Workforce Economic Development initiative expected
to require funding beyond FY 2011, and if so how much?

o Which agency(ies) will be in charge of implementing this plan?
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Chairman GORDON. This meeting will come to order, and good
morning, everyone.

As our first order of business, I want to remind everyone that
given the importance of the subject of this hearing, it should come
as no surprise that we have gotten some interest from members
outside of this Committee, and it is the intent of us to try to accom-
modate them the best we can in terms of space and time. I also
want to remind everyone that the non-Committee members will
only be recognized after all the Committee members have an oppor-
tunity to be recognized, and if necessary, they may have to put
their statements in the record. So without objection, Mr. Posey, Mr.
Bishop and Dr. Griffith will be permitted to join us on the dais for
this hearing.

Now I would like to yield to Mr. Rohrabacher for a recognition.

Mr. ROHRABACHER. Thank you very much, Mr. Chairman.

I would like to take this opportunity to point out in our audience
today we have with us Apollo astronaut Rusty Schweickart, and
Rusty flew in Apollo 9. Rusty, could you stand up and say hello to
us? Thank you.

Rusty flew in Apollo 9, testing critical procedures and systems
which enabled the future success of Apollo programs. He is today
chairman of the board of the B—612 Foundation, a nonprofit foun-
dation that champions the development and testing of spacecraft
concepts that are designed to protect the Earth from near-Earth
objects and asteroid impacts. Thank you very much for being with
us today.

And Mr. Chairman, I have a statement by Mr. Schweickart that
I would like to submit for the record.

[Information follows prepared statement of Chairman Gordon.]

Chairman GORDON. With no objection, so ordered.

Mr. ROHRABACHER. Thank you very much.

Chairman GORDON. When the fiscal year 2011 NASA budget re-
quest was released almost four months ago, it contained major
changes to the NASA program that had been authorized and fund-
ed by Congress over the past five years. Among those changes, the
Administration’s request proposed canceling the Constellation-
based exploration program on the grounds that it was unexecutable
under foreseeable budgets. In contrast, the proposed new budget
for NASA was described as a budget that puts NASA on a sustain-
able path for space exploration.

Since that time, this Committee as well as other committees of
the Congress, have been trying to get the information we need to
make informed decisions about the Administration’s plan as we
prepare for authorization and appropriations actions. When we had
Administrator Bolden before us in February, there was precious lit-
tle information and analysis that NASA could provide us in support
of that budget request. When Chairman Giffords had NASA testify
in March on the proposed new plan for human spaceflight, the out-
come was the same: more new questions than answers.

Then on April 15, the president announced revisions to his NASA
plan, adding a new crew rescue vehicle development program, a
human mission to the near-Earth asteroid by 2025, and a decision
by 2015 on the development of a new heavy lift launch vehicle, in
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essence, directing NASA to pursue a program very similar to one
of the options proposed by the Augustine Committee.

There are legitimate debates that members can have concerning
the choices made in the President’s plan about which destinations
to pursue, the appropriate role of the commercial sector, and what
type of technology program makes the most sense. Yet those de-
bates ultimately won’t matter unless the Administration’s plan ac-
tually is doable under the Administration’s proposed budget. It
does no good to cancel a program that the Administration charac-
terizes as unexecutable if the program is simply replaced with a
new plan that can’t be executed either.

That is the issue before us today, and Administrator Bolden, to
be blunt, the burden of proof is on your shoulders to make the case
that you have an executable program. So what we need to hear
from you, and let me cite three specific issues. As you know, one
of the most significant findings of the Augustine Committee was,
and I quote, “Human exploration beyond low-Earth orbit is not via-
ble under the FY 2010 budget guideline.”

We have now taken a close look at your proposed human
spaceflight plan and technology development budget plan, and this
is what we have found. Your budget for human spaceflight and
technology provides about the same amount of funding through fis-
cal year 2015 as the not viable fiscal year 2010 budget guidance.
Equally importantly, your budget guidance program through 2025,
the date of your proposed first human mission to an asteroid, is
$40 or 50 billion lower than the amount the Augustine panel deter-
mined would be needed to implement any of its exploration options.

Second, in his April 15th speech, the President directed NASA to
develop a new crew rescue vehicle for the ISS that would be flying
within the next few years, but he didn’t add any money to your
budget to do it. And I understand that NASA’s preliminary esti-
mate indicates that it could cost $5 to $10 billion to develop such
a vehicle, and that the number doesn’t include the annual cost to
launch it and to operate the vehicle once it is operational. That is
not to argue that we shouldn’t be developing a spacecraft that can
provide the basis for exploration beyond low-Earth orbit. One clear-
ly will be needed. But it is another troubling indication that the
plan that has been sent over to Congress has a great many loose
ends and unexamined assumptions.

Third, the fiscal year 2011 budget plan assumes that multiple
commercial crew systems can be developed over the next five years
for a total cost of $6 billion. However, analysis done by the Aero-
space Corporation and even NASA’s own estimate for the develop-
ment cost of a simple crew rescue vehicle argue that the proposed
commercial crew development budget is likely to be low by a factor
of two or more.

The burden of proof has to be on you and the White House to
justify the cost estimate, and so far we have not seen any hard
analysis from the Administration that would give us confidence
that it can be done for the amount budgeted. Given your statement
that you will do what is needed to make the commercial providers
succeed, the consequences of such an underestimation could be dev-
astating to the rest of NASA’s programs.
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We all share the goals of inspiring and innovating and exploring.
Let me be clear: I have no interest in having to have another Au-
gustine Committee in five years. Your task today is to convince this
Committee that this is truly well thought out, responsible budget
with an executable plan.

Before turning to Ranking Member Hall for his opening remarks,
I want to note for the record that the Committee also invited OSTP
Director Holdren to testify at this hearing, but Dr. Holdren was un-
available due to travel plans.

In addition, I want to inform members that I plan to insert into
the record for this hearing several items that were submitted to the
Committee, including a statement by Dr. Buzz Aldrin, a letter from
Dr. Russell Schweickart, a letter from the Planetary Society, a joint
statement by several space organizations, and a letter from Gov-
ernor Bill Richardson of New Mexico.

[The prepared statement of Chairman Gordon follows:]

PREPARED STATEMENT OF CHAIRMAN BART GORDON

Good morning. When the Fiscal Year 2011 NASA budget request was released al-
most four months ago, it contained major changes to the NASA program that had
been authorized and funded by Congress over the past five years. Among those
changes, the Administration’s request proposed canceling the Constellation-based
ie)x;()lloration program on the grounds that it was “unexecutable” under foreseeable

udgets.

In contrast, the proposed new budget for NASA was described as a budget that
puts NASA on a “sustainable path” for space exploration.

Since that time, this Committee, as well as other Committees of the Congress,
have been trying to get the information we need to make informed decisions about
the Administration’s plan as we prepare for authorization and appropriations ac-
tions. When we had Administrator Bolden before us in February, there was precious
little information and analysis that NASA could provide us in support of the budget
request, and what was provided raised more questions than it answered. When
Chair Giffords had NASA testify in March on the proposed new plan for human
space flight, the outcome was the same—more new questions than answers.

Then on April 15th, the president announced revisions to his NASA plan, adding
a new crew rescue vehicle development program, a human mission to a Near Earth
asteroid by 2025, and a decision by 2015 on development of a new Heavy Lift launch
vehicle—in essence, directing NASA to pursue a program very similar to one of the
options proposed by the Augustine Committee.

There are legitimate debates that Members can have concerning the choices made
in the president’s plan about which destinations to pursue, the appropriate role of
the commercial sector, and what type of technology program makes the most sense.
Yet those debates ultimately won’t matter unless the Administration’s plan actually
is doable under the Administration’s proposed budget—that it actually is “execut-
able” and truly puts NASA on a “sustainable path”. It does no good to cancel a pro-
gram that the Administration characterizes as “unexecutable”, if that program is
simply replaced with a new plan that can’t be executed either.

That’s the issue before us today, and Administrator Bolden, to be blunt, the bur-
den of proof is on your shoulders to make the case that you have an executable pro-
gram.

So what do we need to hear from you? Let me cite three specific issues:

As you know, one of the most significant findings of the Augustine Committee was
that “Human exploration beyond low Earth orbit is not viable under the FY 2010
budget guideline.”

We’ve now taken a close look at your proposed human space flight and technology
development budget plan, and this is what we’ve found:

Your budget for human space flight and technology provides about the same
amount of funding through FY 2015 as the “not viable” FY 2010 budget guidance.

Equally importantly, your budget guidance through 2025—the date of your pro-
posed first human mission to an asteroid—is $40 to 50 billion lower than the
amount the Augustine panel determined would be needed to implement any of its
exploration options.
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Second, in his April 15th speech, the president directed NASA to develop a new
crew rescue vehicle for the ISS that would “be flying within the next few years”—
but he didn’t add any money to your budget to do it.

I understand that NASA’s preliminary estimates indicate that it could cost $5 to
$7 billion to develop such a vehicle, and that number doesn’t include the annual cost
to launch it and rotate the vehicles once it is operational. That’s a big unfunded
mandate to absorb in your budget over the next five years—you’ll need to take a
billion to two billion dollars per year from elsewhere in your budget over the next
five years to cover it.

To put the budgetary impact of that into perspective, if you eliminated all of the
FY 11 funding for the Exploration Technology Demonstration program, the Robotic
Precursors program, and the KSC 21st Century Space Launch initiative, you will
have only covered $1.2 billion of the shortfall. If the annual shortfall over the next
five years is closer to $2 billion, you would also need to eliminate the FY 11 in-
creases for Space Technology, Aeronautics, and Earth Science.

That’s not to argue that we shouldn’t be developing a spacecraft that can provide
the basis for exploration beyond low Earth orbit. One clearly will be needed. But
it’s another troubling indication that the plan that has been sent over to Congress
has a great many loose ends and unexamined assumptions that call its credibility
into question.

Third, the FY 2011 budget plan assumes that multiple commercial crew systems
can be developed over the next five years for a total cost of $6 billion. However,
analyses done by the Aerospace Corporation and even NASA’s own estimates for the
development cost of a simple crew rescue vehicle argue that the proposed commer-
cial crew development budget is likely to be low by a factor of two or more.

The burden of proof has to be on you and the White House to justify that cost
estimate, and so far we have not seen any hard analysis from the Administration
that would give us confidence that it can be done for the amount budgeted. Given
your statements that you will do what is needed to make the commercial providers
succeed, the consequences of such an underestimate could be devastating to the rest
of NASA’s programs.

We all share the goals of inspiring and innovating and exploring. Let me be clear.
I have no interest in having to have another Augustine committee in five years.
Your task today is to convince this Committee that this is truly a well-thought out,
responsibly budgeted, executable plan.

Before turning to Ranking Member Hall for his opening remarks, I want to note
for the record that the Committee also invited OSTP Director Holdren to testify at
this hearing, but Dr. Holdren was unavailable due to travel plans.

In addition, I want to inform Members that I plan to insert into the record of this
hearing several items that were submitted to the Committee, including:

o A statement by Dr. Buzz Aldrin;

o A letter from Dr. Russell Schweickart;

o A letter from the Planetary Society;

o A Joint Statement by several space organizations;
e And a letter from Governor Bill Richardson of NM.

With that, I now recognize Ranking Member Hall for an opening statement.

[The information follows:]
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The Way Forward: Achieving a Consensus on America’s Future in Space
A White Paper by Buzz Aldrin, Apollo XI (draft 5/20/10 - rev1)

It is widely known that I support the President’s new space agenda for civil space. 1
was proud to stand beside the President at the recent Space Summit, and to endorse
his bold vision for space - a vision that [ believe will enable us to maintain our
pioneering leadership in this vitally important enterprise.

The President’s approach supports many of the principles that I have long
advocated, including - the opening of space to the private sector, the development of
a strong technical foundation in science and technology that will enable our
continued leadership in space, while also encouraging truly international
collaboration with our space faring partners who would embrace this future, the
implementation of a Flexible Path that will afford us opportunities for exciting
missions beyond low Earth orbit (LEQ), enabling journeys to: libration points and
orbits whose characteristics afford exceptional opportunities for new space science
platforms to unlock the secrets of the universe; human missions to asteroids; and,
on to Mars and its two moons; or to other destinations that hold potential scientific
or economic promise, such as the potential international commercial development
of the moon - should this become a priority. Itis a rich vision that I would hope that
we could all embrace.

A number of my former colleagues, and other critics, have expressed concerns about
the plan, and in particular, they express grave reservations about ‘the Gap’ - the end
of the Space Shuttle Program, and the inability for the US to provide human access
to space - save for limited flight opportunities and capabilities with our Russian
partners, pending the maturing of the commercial space transportation capabilities,
or other future systems to meet these needs.

Perhaps it is less widely known, that I also share this concern, and I have long
advocated a number of potential alternatives to try to address this issue: For the
very near-term, | have proposed extending, or commercializing, the space shuttle
system, which would preserve the opportunity for reduced manifest (one or two
flights per year) support of the International Space Station, while also preserving
the capability to develop a shuttle derived heavy lift launch vehicle to meet our
future space exploration needs, and as importantly, maintain the critical technical
workforce that supports our nations space transportation capabilities. A capability
that we are in grave danger of losing in the few months ahead...

Some now claim that the Space Shuttle Program has been dismantled to the extent
that this is no longer a viable option. Itis difficult to accept that reestablishing this
capability would be more difficult than the development of an entirely new
replacement vehicle.
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At the other end, we could close the Gap by pursuing the development of a human-
rated EELV launch capability that would be paired with a reusable, runway-lander,
crewed spacecraft, while NASA turns its attention to its longer-term space
transportation requirements. The EELV has proven to be a reliable launcher, and
NASA has spent many years developing candidate reusable runway-landers,
including the HL-20 and the X-38, so these concepts are also quite mature. If made a
national priority, | believe this capability could be developed quickly, and this
system could help reduce the devastating effects of the Gap. While initially
developed by the government to address the critical need to fill the Gap, in the
longer term, this system might be spun off to the commercial sector for its continued
operations.

We have already endured a gap in human access to space following the termination
of Apollo, and the eventual first flight of Columbia, with STS-1 on April 12, 1981.
During this period our astronauts were Earthbound, while the former Soviet Union
embarked on a series of space stations that allowed them to set records for human
activity in space - many that still stand today. Our science program was also
disrupted, as a many missions that were being designed for launch aboard Shuttle
had to wait for its development and flight qualification.

We also faced two tragic gaps following the loss of Challenger and Columbia and
their brave crews. We should learn from these experiences that it is essential to
maintain US access to space, and I continue to be a fierce advocate for this need.

What should we do to address this urgent need? I believe that it is possible to find a
compromise solution that might address the critical concern regarding the Gap: 1
would call upon the President to issue an Executive order, requiring that the USAF
and NASA collaborate in the development of a launch capability to help fill the Gap.
It would call for the USAF to work with NASA to human-rate the EELV, and to
provide this launch capability to meet NASA's near-term human space access needs.
It would direct NASA to undertake the rapid proto-flyte development of an HL-20
reusable, runway lander that would be mated to this vehicle to meet its LEO
requirements, including supporting the ISS, until an alternate capability has been
developed and demonstrated the ability to meet this critical requirement.

I would also continue with the President’s current plan to take advantage of the
investment that we have already made in the Orion capsule, and use this capability
as a lifeboat, or Crew Return Vehicle (CRV), for ISS, so we can fully man space
station and exploit its magnificent capabilities. This would also preserve the option
to develop future derivative Orion capsules for future human exploration missions
beyond LEO, where the higher reentry heating loads of aero capture would benefit
from this configuration.

1 would also ask the President direct NASA to update its space station and logistics
resupply requirements study (the so-called ‘Blue Book', developed by NASA/LaRC
and ISS), to fully understand the long-term requirements to maintain ISS through
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2020, and potentially beyond, and to examine these requirements with our
international partners to determine how - collectively, we might meet these
requirements. It is in our mutual interest to ensure that these requirements can be
met, and to negotiate any agreements, or barters, to utilize internationally provided
space transportation capabilities necessary to meet them.

Having addressed what I feel is the most divisive part of the President’s new vision
for space, | would call for my colleagues, and our nation, to get behind the new
direction for NASA so we - together with our international partners and the
emerging new commercial space industry, can continue the greatest enterprise in
the history of man - the exploration of space for all mankind.
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RUSSELL L. SCHWEICKART
760 Fifth Street East
Sonoma, CA 95476
707-343-1627
re@well.com

14 October, 2010

Honorable Dana Rohrabacher

Member, Committee on Science and Technology
United States House of Representatives
Rayburn House Office Building, #2300
Washington, DC 20515

Dear Congressman Rohrabacher,

| write this letter, as an Apollo astronaut, to state my strong support for the
proposed NASA human spaceflight program as modified by President Obama in his
April 15, 2010 speech in Florida. It sets an inspiring new goals that move us into
deep space, a goal to inspire a new generation of engineers and astronauts.

|, like many of my fellow astronauts, am greatly concerned that our nation’'s
historic leadership in space exploration is eroding to the point where we will shortly
lose that title. We Apollo-era people gave the United States everything we had to
regain leadership in space from the Soviet Union back in the 60s and we hate like
hell to see it drift away from us now.

| believe that on our current course the coming loss of US leadership in
human space exploration is unavoidable. With this in mind the question of how best
to regain that leadership breaks into two fundamental elements; assessing our
current situation and choosing our direction going forward. In terms of relative
importance | weigh these at 80% and 20% respectively.

Our current situation is akin to being on a dead end road. Instead of being on
a path toward the goal we all seek, i.e. to regain our leadership position in human
space exploration, we must recognize that we are (and have been) on a path to
nowhere. We are confronted with arguments to deny and ignore the clear signs of
this sad situation and even encouraged to accelerate along this futile path.

The alternative to this is support for the President's proposed plan. It
recognizes and eliminates the waste of precious resources in the current program
and heads us in a productive direction toward our desired destination. In other
words, when you recognize you are on a dead end road, stop, turn around, and
head in a direction more useful to your goal. Denial of this reality will guarantee an
extended loss of leadership.

Are we, in fact, on a dead end road? In answering this critical question you
should not overvalue either my opinion or the opinions of my fellow astronauts, but
rather focus on the considered and thoughtful, and even hard-nosed, analysis of the
panel of experts who dealt explicitly with this, the Augustine Committee on our
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Human Spaceflight Program. Norm and his panel are very experienced and highly
qualified academics, business leaders, astronauts, and space program executives, |
have immense respect for them and their considered judgment. They performed a
thorough, open and difficult review and analysis of where we are. Their conclusions
were not reached lightly nor did they shy away from calling it as they saw it. | take
their work and their conclusions very seriously and | believe you should as well.

As well as their long and hard review of where we are in our existing human
spaceflight development the Augustine Committee also considered many options for
a path forward. While not using the words “dead end” they concluded that the
existing program would , even with $5-7B of additional funding, not get us to the
moon, let alone land or establish a base there until well into the 2030s..."if ever”,
And in the end, while not making specific recommendations, they rated their “flexible
path” option, 5b, very highly. The Obama administration and NASA leadership
ultimately decided on a program very similar to and based on the Augustine
Committee’s option 5b.

While | will not attempt to comment on many of the elements of the proposed
program | would like to make a few specific comments which will inform the basis of
my support and might prove helpful in your deliberation.

Virtually everyone involved in the future of our US human space exploration
program shares the identical long term goal of the human exploration of Mars. The
issue is now and has been choosing the best way to build to that ultimate capability.
It is my belief that going back to the Moon (i.e. the Constellation landing and base
program) is neither necessary nor appropriate nor feasible in this regard.

Technical arguments can and have been made to support this intermediate
step, and they are not without justification and support. Nevertheless, in my opinion,
the arguments for necessity are fundamentally weak, and in any event are
overwhelmed by the widely held and devastating question "been there; done that...
tell us why you're doing that again?” Why, after 60 years, should we be devoting
incredible resources and effort to going back to the Moon instead of to a challenging,
pioneering new goal? As Norm Augustine stated in the 12 May Senate hearings,
the long term space program has to be supported on a continuing basis by the
public, and the public simply will not maintain support to reliably sustain a
monumental and expensive effort to do again what we did 60 years before. This is
especially true of young people, who are hardly inspired by a goal of repeating their
grandparent's achievements.

Happily there is an intermediate Mars trajectory which, in my opinion, makes
much more sense. It is new and exciting and, | believe, will garner wide public
support. That intermediate goal is to send our astronauts on a mission into deep
space, to a near-Earth asteroid.

Deep space is a term easily used but not well understood. Orbiting the
Earth, whether high or low, and even going out to the Moon is operating in Earth-
space, or Earth/Moon-space. l.e. the gravitational field of the Earth dominates the
behavior of all space objects. Deep space is dominated by the Sun. This is a new,
and very different environment. Orbiting the Earth takes an hour and a half, or at
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lunar distance 28 days. Orbiting the Sun takes a year, or at Jupiter’s distance 12
years. Reaching deep space requires leaving earth space totally. Mars is in deep
space. Sending astronauts to explore an asteroid (i.e. a near-Earth asteroid or
NEQ) requires us to go into deep space. By extending our capability into deep
space to explore an asteroid we will be taking a big step beyond going to the Moon,
but relatively speaking, a small step compared with going all the way to Mars. Itis
also important to note that sending astronauts to explore an asteroid is less
expensive than a return to the Moon's surface. This is therefore, both an
imaginative, new, and logical goal, and a natural step in developing the capacity for
the human exploration of Mars. Furthermore the public interest and support for US
astronauts exploring an asteroid, a new and very different "world", would be strong.

In addition to being a feasible and appropriate goal for human exploration,
there are other extremely powerful reasons to identify asterocids as a primary new
goal for space exploration. Specifically they occasionally threaten life on Earth as
the result of an impact, they are fascinating scientific objects, and they contain
(relative to the Moon's surface) a wealth of valuable resources which we may one
day choose to access to minimize the cost of space operations. My own work over
the past decade has been to assure that using our space capability we are able and
prepared to divert an asteroid when we find one threatening an impact. This,
however, is a fascinating discussion for another time. The point here is that near-
Earth asteroids are a multi-faceted, fascinating and valuable intermediate step on
our way to Mars, and a far more interesting and appropriate goal for human
exploration than going back to the Moon.

Finally, | would like to comment on the issue of the “gap” and the proposed
reliance on commercial providers to close the gap and re-establish our US human
launch capability.

The sad state of our current space program, and the gap in particular, is a
given. An unfortunate, but unavoidable given due to the complete mismatch
between the program announced by President George W Bush in early 2004 and
the inadequate funding which was subsequently sought and allocated since that
time. As Norm Augustine testified in the Senate hearing on May 12, in the 4 years
between the announcement of those ambitious goals and the time when his
Committee conducted its comprehensive review of human space flight, the Ares
launch vehicle development slipped between 3 and 5 years. This slip, combined
with the planned termination of Space Shuttle operations in 2010 created and
ultimately extended the “gap” in our nation’s ability to launch astronauts into orbit to
7 years or more. This gap, during which time we will be dependent on the Russians
to launch our American astronauts to the 1SS, was created during the existing space
program. Itis a given and it cannot be eliminated.

The Obama program proposes, given realistic budget projections, to minimize
this gap in indigenous US launch capability by transitioning from the past practice of
NASA "owned and operated” launch services to leasing these services from US
commercial companies. Whether or not a safe and reliable capability of this kind
can be developed in this timeframe is yet to be seen. However, without a
commitment to this shift in acquisition of launch services, NASA, and the US
Government, will be locked into developing and providing well understood
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transportation services which can and should rightly be relinquished to private
enterprise. If NASA stays in this business, industry cannot compete. Taxpayer
money will, in effect, be used to inhibit the development of an independent, private,
commercial capability with a huge upside potential for jobs and, indeed, world
industrial leadership.

MNASA should, as proposed by the new space program, continue to
encourage and assist US enterprise in meeting the performance and safety
requirements inherent in flying both cargo and people to low Earth orbit without
absorbing all of the cost. This cooperative effort would both minimize the existing
gap and bring into being an exciting, new US industrial capability, replete with
industrial innovation and job creation.

Is this risky? Of course it's risky. All space activity is risky. But wisely
accepting and managing this risk will ultimately lead to a new and exciting US
business capability which will be the envy of the world. The alternative is for NASA
to continue to divert its precious human and economic capital to a challenging but
very well understood transportation service rather than toward pioneering new and
more advanced technology.

Mo program in the past 50 years has created more excitement in young
people, more of a demand for education, or more technological innovation than the
Apollo program. Apollo called out the best in all of us. Those of us who were
fortunate enough to work directly and indirectly to meet President John F. Kennedy's
goal will never forget the fantastic experience of giving our all to meet that grand
challenge. Was that challenge bold and risky? “You betcha!" And indeed were it
not for the demands of that challenge, including the uncertainties and inherent risks,
we as a nation and a family of space geeks would not have come together as we did
to make it a success. We are a nation of risk takers and innovators. Itis in our
blood.

Is going back to the Moon after a 60 year gap going to generate and maintain
that same sort of excitement, innovation and determination? | do not believe so.
Will setting a goal of sending American astronauts into deep space to explore an
asteroid, up close and personal generate it. | do believe that it will.

| request that this letter be added to the testimony record for your 26 May,
2010 hearing on the Proposed NASA Human Spaceflight Plan.

Sincerely,

Russell L. Schweickart
Apollo 9 Astronaut

Cc:  Congressman Bart Gordon, Chair, Committee on Science & Technology
Congresswoman Gabrielle Giffords, Chair, Subcommittee on Space &
Aeronautics
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THE PLANETARY SOCIETY

85 South Grand Avenue
Pasadena, CA 911051602, USA
phone: 626-T93-5 100

Mux: 626-TH3-5528

wemmails ips @ planvtary.org
hetpe/iplanetary.org

CO-FOUNDER
CARL SALAN
T - 21 May 2010

PHOARD OF THRECTOMS

nNGERAG Rep. Bart Gordon, Chair

i Rep. Ralph Hall, Ranking Minority
LS. House of Representatives
Committee on Science and Technology

Dear Rep. Gordon and Rep. Hall,

Thank you for conducting the hearing to review the proposed NASA human space

flight plan. In ion with this hearing and in support of the NASA plan, we
W ould Ilk.e to call to your attention the nlunhed joint statement from one dozen
oy org ting large sci and engi ing constituencies as well as the
SCOTT RUBRARD publ:c The g:roup includes America's largest science nrgunl:ralmn (AAAS) and the
Thfiises Dyt By world's Inrgcsl professional society devoted to acrospace (the American Institute for
WESLEY EHUNTRESS, Ji A and A ics), and the largest citizen's space interest group, The
Planctary Society.

LON LEVIN

o The Planctary Society has provided testimony to Congress in support of this plan and
we are appending that to this letter as well. The plan has aroused controversy, and it
has also been greatly misunderstood.  We believe that the science groups” joint
statement shows that the space community is far more supportive than might be
concluded from reading statements of a few individuals, \\'h.itc the negative effect of
the Ci lasti {lations is not to be minimized, the positive in t
in future human space cxplormon will overcome the short-term effects. Under the
new guidelines, space flight to low Earth orbit would be provided by the commercial
sector as a service 1o support NASA, using their long experience and existing rockets

ALENES LIVANGS
v v Ths Povdvn

ELON MUSK
fr———r

e as well as the entreprencurial energy and in of new panies. American
il b B participation in the 1 ional Space Station would be extended, guaranteeing the
BUAL NEE THAKORE space station a n.ustomcr and f\mcm.an astronauts a near-term destination, and

e A presaging a future of'i | cooperation in space exploration ventures.

Thank you very much for your consideration,

INTERNATIONAL

vouNel Sincerely,
WICE BOSSET /ﬁ.
O Rk
o, Jim Bell Bill Nye Louis Friedman
e President Vice-President Execcutive Director
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JOINT STATEMENT BY SPACE ORGANIZATIONS
ONTHE FY 2011 NASA BUDGET

Qé May 20, 2010

AYAAAS

We the undersigned, a diverse group of organizations with a vital interest
in our Nation's space program, make the following statements:

\We strongly support the top line FY2011 NASA budget.

We believe an important goal of the NASA budget is to accelerate
the development of the intellectual capital of the United States by
investing in a high-cadence exciting program.

* We are excited by the increases in science, aeronautics and
technology initiatives.

«  We believe both human exploration and research are important;

Aseﬁ::::l::?lw_ . destination, milestones, engagement and story matter.
rsities i

We believe this is an opportunity for NASA to craft the exploration
strategy in partnership with science and applied science that
Q includes the International Space Station, safe and cost-effective
AL(RJ\ access to low earth orbit, robotic precursors, and other missions.
Heavy lift launch and in-space servicing enable new realms of

COMMERCIAL exploration and science.
SPACEFLIGHT
%" FEDERATION +  We believe it is critically important that the American people can

and must participate and be engaged in the journey of discovery
and exploration.

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE
AMERICAN ASTRONOMICAL SOCIETY
AMERICAN GEOPHYSICAL UNION
AMERICAN INSTITUTE FOR AERONAUTICS AND ASTRONAUTICS
AMERICAN SOCIETY FOR GRAVITATIONAL AND SPACE BloLOGY
ASSOCIATED UNIVERSITIES, INC.

ASSOCIATION OF UNIVERSITIES FOR RESEARCH IN ASTRONOMY
COMMERCIAL SPACEFLIGHT FEDERATION
MARYLAND SPACE BUSINESS ROUNDTABLE
NATIOMAL SPACE SOCIETY
THE PLANETARY SOCIETY
SPACE FRONTIER FOUNDATION
UNIVERSITIES SPACE RESEARCH ASSOCIATION

Chairman GORDON. With that, I now recognize Ranking Member
Hall for an opening statement.

Mr. HALL. Thank you, Mr. Chairman, for holding this hearing on
a very important topic of NASA’s human spaceflight program, and
I can’t help but point out or reiterate that this room today holds
in addition to Rusty that was just introduced and our first witness
holds some of the really true heroes of all time and we are honored
to have you here, and I hope my questions and my thrust is with-
out acrimony but with great appreciation to each one of you.

I also want to thank you for assembling such a great panel, Mr.
Chairman. I certainly welcome Administrator Bolden and I hope he
can answer some of the many questions we have about the Presi-
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dent’s proposal, and we had the opportunity to talk with him yes-
terday. His time has always been available, and I am very appre-
ciative of that.

I am also pleased to see two space heroes with us today, Neil
Armstrong and Gene Cernan. These men are legendary astronauts
and explorers who laid the whole foundation for our Nation’s space
exploration beyond low-Earth orbit, and I am honored that they
have agreed to share their knowledge and their commitment and
their passion with us today. I want to thank Tom Young for once
again agreeing to testify before this Committee and sharing his
knowledge and years of experience working with the government
acquisition process.

It has now been nearly four months since the Administration
proposed radical changes to NASA’s human spaceflight and explo-
ration programs. From the very beginning, it was clear that
NASA’s proposal lacked the sufficient detail that Congress would
need to determine whether it was a credible plan, yet in spite of
our best efforts to obtain more information from NASA, this situa-
tion has not improved. Indeed, the President’s trip to the Kennedy
Space Center on April 15th only added to the confusion as he laid
out more aspirational goals but provided no clear idea of how they
fit together or how the experts expect to ever pay for all these new
ventures.

As such, I still have many basic concerns about our ability to ac-
cess and use the International Space Station after the shuttle is re-
tired. I remain concerned about the gap in the U.S. access to space,
and I want to ensure that we can effectively use the enormous re-
search capabilities of the International Space Station. In examining
the President’s plan, I still do not see a viable way to minimize the
gap and provide for very exciting research on the International
Space Station. The President’s most recent decision to send an un-
manned lifeboat to the space station at a potential cost of $5 billion
to $7 billion does absolutely nothing to solve this problem and
largely duplicates existing services provided by the Russians.

Although we have already spent nearly $10 billion on the Con-
stellation system and supported by Democrats and Republicans
alike on this Committee and in this Congress that has achieved
significant milestones and is well on its way to provided continued
U.S. access to space, the Administration’s continued decisions to
cancel Constellation has further stalled development and jeopard-
izes our undisputed leadership in space.

As I have said many times before, I am concerned with the pro-
posed commercial crew direction of the Administration. While I
have long supported the development of commercial cargo oper-
ations, I believe it is prudent that we first test cargo capabilities
before risking the lives of our astronauts on newly developed sys-
tems. I have not seen credible data to suggest that there is a viable
market for commercial crew carriers, and in the absence of that
data, I fear that we might be setting ourselves up for failure if and
when the markets do not materialize. Anyone can claim to be able
to take over commercial crews, and I have read a good bit of the
ideas of another space hero and a very dear friend of mine, Buzz
Aldrin, who supports commercial crew, but I am still looking for
concrete data that they can finish what they start and will not be
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coming back to the government for additional money if they take
over.

Finally, in examining options beyond low-Earth orbit, I am un-
clear when we might see the development of a heavy lift system or
whether NASA still considers the moon as a logical destination. We
have been told that a new “game changing” technology develop-
ment program will provide capabilities for accessing the far reaches
of space but we have very few specifics on mission goals and direc-
tion. I hope Administrator Bolden has some of the answers that
have been lacking up to now.

In the absence of a defensible, credible plan, I and many of our
members continue to support the Constellation program as cur-
rently authorized and appropriated by successive Congresses. GAO
will continue investigating whether NASA is improperly with-
holding funds and improperly applying the Antideficiency Act as a
means of slowing Constellation work. I believe that Congress has
been clear that it supports the unhindered continuation of Con-
stellation until it authorizes an alternative program.

Mr. Chairman, I look forward to working with you over the next
several weeks as the Committee begins to reauthorize NASA, and
we can no longer wait for NASA to provide justification for its rad-
ical changes. Time is absolutely running out.

I want to wish you, Mr. Chairman, the very best and I want to
thank you and express my gratitude to you for your undying efforts
to preserve the right thing for us to do, and we all look forward
to continuing. I look forward to today’s testimony.

I yield back my time, sir.

[The prepared statement of Mr. Hall follows:]

PREPARED STATEMENT OF REPRESENTATIVE RALPH M. HALL

Mr. Chairman, thank you for holding this hearing today on the important topic
of NASA’s human space flight program.

I also want to thank you for assembling such an extraordinary panel of witnesses
today. I want to welcome NASA Administrator Bolden, and I hope that he can an-
swer some of the many questions that we have about the President’s proposal.

I am also pleased to see two space heroes with us today, Neil Armstrong and Gene
Cernan. Both men are legendary astronauts and explorers who laid the foundation
for our nation’s space exploration beyond low Earth orbit. I am honored that they
have agreed to share their knowledge, their commitment, and their passion with us
today. I also want to thank Tom Young for once again agreeing to testify before this
committee and share his knowledge and years of experience working with the gov-
ernment acquisition process.

It has now been nearly four months since the administration proposed radical
changes to NASA’s human space flight and exploration programs. From the very be-
ginning it was clear that NASA’s proposal lacked the sufficient detail that Congress
would need to determine whether it was a credible plan. Yet, in spite of our best
efforts to obtain more information from NASA this situation has not improved. In-
deed, the President’s trip to the Kennedy Space Center on April 15th only added
to the confusion as he laid out more aspirational goals, but provided no clear idea
of how they fit together or how he expects to pay for these new ventures.

As such, I still have many basic concerns about our ability to access and use the
International Space Station after the Shuttle is retired. I remain concerned about
the “gap” in U.S. access to space, and I want to ensure that we can effectively use
the enormous research capabilities of the International Space Station. In examining
the President’s plan, I still do not see a viable way to minimize the “gap” and pro-
vide for exciting research on the ISS.

The President’s most recent decision to send an unmanned “lifeboat” to the Space
Station at a potential cost of $5—7 billion does nothing to solve this problem and
largely duplicates existing services provided by the Russians. Although we have al-
ready spent nearly $10 billion on the Constellation system that has achieved signifi-
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cant milestones and is well on its way to providing continued U.S. access to space,
the Administration’s decision to cancel Constellation has further stalled develop-
ment and jeopardized our undisputed leadership in space.

As I have said many times before, I am concerned with the proposed commercial
crew direction of this Administration. While I have long supported the development
of commercial cargo operations, I believe that it is prudent that we first test cargo
capabilities before risking the lives

of our astronauts on newly developed systems. I also have not seen credible data
to suggest that there is a viable market for commercial crew carriers, and in the
absence of that data I fear that we might be setting ourselves up failure if, or when,
the markets do not materialize. Anyone can claim to be able to take over commercial
crew, and I have read the good ideas of another space hero, Buzz Aldrin who sup-
ports commercial crew, but I am still looking for concrete data that they can finish
what they start, and will not be coming back to the government for additional
money if they take over.

Finally, in examining options beyond low Earth orbit, I am unclear when we
might see the development of a heavy lift system, or whether NASA still considers
the Moon as a logical destination. We have been told that a new “game-changing”
technology development program will provide capabilities for accessing the far
reaches of space, but we have very few specifics on mission, goals, and direction.
I hope Administrator Bolden has some of the answers that have been lacking up
to now.

In the absence of a defensible, credible plan, I and many of our members continue
to support the Constellation program as currently authorized and appropriated by
successive Congresses. GAO will continue investigating whether NASA 1s improp-
erly withholding funds, and improperly applying the Anti-Deficiency Act as a means
of slowing Constellation work. I believe that Congress has been clear that it sup-
ports the unhindered continuation of Constellation until it authorizes an alternative
program.

Mr. Chairman I look forward to working with you over the next several weeks
as the Committee begins to reauthorize NASA, and we can no longer wait for NASA
to provide justifications for its radical changes. Time is running out.

I look forward to today’s testimony, and I yield back my time.

Chairman GORDON. Thank you, Mr. Hall. You are a good part-
ner.

Our first witness is Mr. Charles F. Bolden, Jr., who is the Ad-
ministrator of the National Aeronautics and Space Administration,
and Gen. Bolden, you have served your country with distinction in
and out of uniform. We are glad you could be with us today, and
I know you can breathe a better sigh of relief that the shuttle land-
ed safely this morning. Congratulations for that. And so you may
proceed.

STATEMENTS OF CHARLES F. BOLDEN, JR., ADMINISTRATOR,
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Mr. BOLDEN. Thank you, Mr. Chairman.

Mr. Chairman and members of the Committee, I want to thank
you all for the opportunity to appear here today to discuss addi-
tional information about the President’s fiscal year 2011 budget re-
quest for NASA. Following the President’s important speech at the
NASA Kennedy Space Center in Florida, I also want to comment
about the outcome of that.

NASA is grateful for the support and guidance received from this
Committee through the years and looks forward to working with
you to implement the President’s bold new direction for our agency.
Given that you have my detailed written statement, I will try to
keep my remarks brief this morning so that I leave time for your
questions.

First, I would like to acknowledge the incredible contributions of
my two astronaut colleagues on the next panel. Both Neil and
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Gene, the first and last humans to set foot on the moon, have dedi-
cated their lives to the challenging and often-unforgiving pursuit of
space exploration and in doing so have improved the quality of life
in America and inspired the next generation of explorations. They
continue to contribute by remaining engaged and providing their
remarks on today’s important topic of the future of human space
exploration. I appreciate their thoughts, and we talk often. It was
very beneficial to have had the opportunity to discuss their con-
cerns and to present them with a thorough brief on our plans for
America’s future in human spaceflight several weeks ago.

However, reasonable people can disagree and so I must respect-
fully disagree with some of their concerns and their opinions. The
President’s fiscal year 2011 budget request is good for NASA be-
cause it sets the agency on a sustainable path that is tightly linked
to our Nation’s interests. During his visit to the Kennedy Space
Center, the President articulated a strong commitment to NASA’s
mission and the future of human spaceflight exploration. As we
prepare to end the shuttle era, and we took an important step this
morning when we successfully bought Atlantis home safely with
her crew, we all should acknowledge its critical importance as a
very productive step along America’s path of becoming the pre-
eminent space-faring Nation.

As my predecessor, Mike Griffin, has written in a draft tribute
to the space shuttle, and I quote, “It was an enormous leap in
human progress. The shuttle wasn’t perfect, and we will make
more such leaps as we are trying to do through our budget in
2011.” That is my part, my insert. “But none of them will be per-
fect either.” The programs on which we will embark under the
guidance provided by President Obama in our proposed fiscal 2011
budget and his speech at the Kennedy Space Center of April 15th
of this year will be our new leaps in human progress and they
won’t be perfect, but we must all understand and be incredibly
proud that we have an opportunity to create an option for our chil-
dren and grandchildren to live in a new and richer era of explo-
ration. If we can agree to accept the promise that comes with the
President’s fiscal year 2011 budget proposal, we will be creating
the future that we all wanted to see in the eras now passed.

The President has laid out the goals and strategies for this new
vision which includes a sequence of deep-space destinations for
human missions progressing step by step beginning with crewed
flight tests early next decade of vehicles capable of supporting ex-
ploration beyond low-Earth orbit, a human mission to an asteroid
by 2025 and a human mission to orbit Mars and return safely to
Earth by the 2030s.

With respect to the role of heavy lift in the future human
spaceflight architecture, the fiscal 2011 budget request includes
funds for NASA to conduct the important R&D and analysis nec-
essary to make an informed decision on a heavy-lift vehicle no later
than 2015. On May 3rd, we issued a request for information seek-
ing general information regarding potential launch or space trans-
portation architectures that will be used for planning and acquisi-
tion strategy development for the current heavy-lift planning ac-
tivities. And on May 19th, we issued a draft broad agency an-
nouncement that will expand on the previous NASA technical as-
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sessments, address fiscal 2010 planned activities and also con-
tribute to our future plans.

We have also made progress in developing a plan that supports
the development of commercial crew transportation providers. On
May 21st, we issued a request for information to seek industry
feedback to help us plan the overall strategy for the development
and demonstration of a commercial crew transportation capability
and to receive comments on NASA’s commercial human rating
plan. The RFIs and BAAs are all preliminary planning activities
for the President’s fiscal year 2011 proposal regarding future
human spaceflight efforts, and we appreciate that the Government
Accountability Office’s opinion issued on this past Monday con-
firming that NASA had not violated the exploration appropriations
restriction on the use of funding to create or initiate new program
or project activity.

Regarding our plans for a restructured Orion, the President di-
rected that NASA build on the good work already completed on the
Orion crew capsule and focus the efforts to provide a simpler and
more efficient design, initially for crew emergency escape from the
space station, evolving in future years to be the advanced space-
craft used in our deep-space missions. This approach will preserve
a number of critical high-tech-industry jobs in key disciplines need-
ed for our future deep-space exploration program. We have put to-
gether a formulation team including headquarters and center per-
sonnel to develop a baseline approach that meets these require-
ments balanced with the other priorities proposed in the Presi-
dent’s fiscal 2011 budget request. The team will report to me next
week on how best to meet these requirements.

And finally, on the subject of workforce transition initiatives, the
President committed to providing $40 million to aid Florida’s Space
Coast. The men and women who work in the Space Coast aero-
space industry are some of the most talented and highly trained in
the Nation. It is critical that their skills are tapped as we trans-
form our country and grow the country’s space exploration efforts.
On May 3rd, the President established a taskforce to develop in col-
laboration with local stakeholders an interagency action plan to fa-
cilitate economic development strategies along the Space Coast and
to provide training and other opportunities for affected aerospace
workers. The taskforce, which I co-chair with Secretary of Com-
merce Gary Locke, will also explore future workforce and economic
development activities that could be undertaken for affected aero-
space communities in other States as appropriate.

NASA expects to submit a revised 2011 budget request to the
Congress in the very near future that will identify funding require-
ments for the restructured Orion crew capsule as well as funding
requirements for workforce transition.

Mr. Chairman, in conclusion, Americans and people worldwide
have turned to NASA for inspiration throughout our history. Our
work gives people an opportunity to imagine what is barely pos-
sible, and we at NASA get to turn these dreams into real achieve-
ments for all humankind. This budget gives NASA a roadmap to
even more historic achievements as it spurs innovation, employs
Americans in fulfilling jobs and engages people around the world
as we enter an exciting new era in space.
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Thank you very much for your continued support and that of this
Committee. I look forward to responding to your questions.
[The prepared statement of Mr. Bolden follows:]

PREPARED STATEMENT OF CHARLES BOLDEN, JR.

Chairman Gordon and Members of the Committee, thank you for the opportunity
to appear today to discuss additional information about the President’s FY 2011
budget request for NASA, following the President’s important speech at the NASA
Kennedy Space Center (KSC) in Florida. NASA is grateful for the support and guid-
ance received from this Committee through the years and looks forward to working
with you to implement the President’s bold new direction for the Agency.

The President’s FY 2011 budget request is good for NASA because it sets the
Agency on a sustainable path that is tightly linked to our Nation’s interests. The
President recognizes that what is truly needed for beyond low-Earth orbit (LEO) ex-
ploration are game-changing technologies; making the fundamental investments
that will provide the foundation for the next half-century of American leadership in
space exploration. In doing so, the President has put forward what I believe to be
the most authentically visionary policy for human space exploration that we have
had since President Kennedy challenged NASA to send humans to the Moon and
return them safely back to Earth. At the same time, under the new plan, we will
ensure continuous American presence in space on the International Space Station
(ISS) throughout this entire decade and likely beyond, re-establish a robust and
competitive American launch industry, launch more robotic probes into our solar
system as precursors for human activity, invest in a new heavy lift research and
development (R&D) program, and build a technological foundation for sustainable,
beyond-LEO exploration, with more capable expeditions in lunar space, and human
missions to near-Earth asteroids, the Moon, Lagrange points, and, ultimately, Mars.
NASA will embark on these transformative initiatives by partnering with the best
in industry, academia and other government agencies, as well as with our inter-
national partners.

At the request of the Committee, today I will provide additional details about
pending revisions to the President’s FY 2011 budget request for NASA. I will dis-
cuss NASA’s progress in developing plans for the new exploration initiatives in-
cluded in the FY 2011 budget request, including initial planned program assign-
ments for major programs by Center. Additionally, my testimony will provide addi-
tional detail about three significant updates that were announced by the President
when he visited KSC on April 15, 2010. NASA is working expeditiously to provide
specific budgetary details to reflect these updates and we will share them with this
Committee and other Congressional stakeholders as soon as we are able.

President Obama Visits KSC

During his visit to KSC, the President articulated a strong commitment to
NASA’s mission and future U.S. human space exploration. The President also out-
lined an ambitious effort to foster the development of ground-breaking technologies;
increase the number, scope, and pace of manned and unmanned space missions;
make human spaceflight safer and more efficient; and help create thousands of new
jobs. The President directed that NASA proceed to develop a crew rescue vehicle
based on the Orion space-capsule to support emergency crew return requirements
on the ISS, and providing a technological foundation for systems that can later take
us beyond Earth’s orbit. In addition to investing in transformative heavy-lift tech-
nologies, the President has called on NASA to select a basic rocket design, no later
than 2015, and then begin to build it. The President also said that after decades
of neglect, we will increase investment—right away—in other groundbreaking tech-
nologies that are designed to enable astronauts to reach space sooner and more
often, to travel farther and faster for less cost, and to live and work in space for
longer periods of time more safely. And, the President laid out the goals and strate-
gies in this new vision for NASA. Fundamentally, the exploration of space will be
a sequence of deep-space destinations for human missions matched to growing capa-
bilities, progressing step-by-step, beginning with crewed flight tests—perhaps a
circumlunar mission—early next decade of vehicles capable of supporting explo-
ration beyond LEO, a human mission to an asteroid by 2025, and a human mission
to orbit Mars and return safely to Earth by the 2030s. Finally, the President com-
mitted to providing $40 million for workforce transition initiatives to aid Florida’s
Space Coast, and I have been appointed to co-Chair—along with Department of
Commerce Secretary, Gary Locke—a task force to develop a strategy for assisting
the workforce transition.
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NASA expects to submit a revised FY 2011 budget request to the Congress in the
near future that will identify funding requirements for the restructured Orion crew
capsule as well as funding requirements and authorization for workforce transition
for Florida and potentially other locations.

Restructuring the Orion Crew Capsule

Per the President’s direction, we are going to build on the good work already com-
pleted on the Orion crew capsule and focus the effort to provide a simpler and more
efficient design that would provide crew emergency escape from the ISS and serve
as part of the technical foundation for advanced spacecraft to be used in future deep
space missions. This approach also will preserve a number of critical high-tech in-
dustry jobs in key disciplines needed for our future deep space exploration program.

We have put together a formulation team including Headquarters and Center per-
sonnel to develop a baseline approach that meets these requirements, balanced with
the other priorities proposed in the President’s FY 2011 budget request. This team
will report to me next week on how best to meet these requirements.

I have directed the team to align this work so that it complements, and does not
compete with, our commercial crew development effort. This should also reduce the
pressure on the commercial crew service providers as the restructured Orion module
serves to fulfill the important safety requirement of emergency escape for astronauts
on the ISS. I have also directed the formulation team to focus on innovative ap-
proaches to oversight, and believe that we can significantly reduce oversight re-
quirements based on lessons learned in previous focused development flight pro-
grams. We must accomplish this activity more efficiently and effectively to maintain
a healthy funding balance across our exploration priorities. This will be done with-
out reducing our commitment to safety for our NASA crews. The crew rescue mis-
sion has many fewer requirements than the deep space mission, providing design
flexibility and reducing the system’s lifecycle cost. Finally, the team must identify
how this activity will align with the development efforts proposed in the Flagship
Demonstration program as well as our other technology efforts so that investments
in these programs can be leveraged to the greatest extent possible.

The funding for this restructuring will come from within NASA’s top-line request
released in February. The out year funding requirements will be refined as part of
the President’s FY 2012 budget submission.

Heavy-Lift Technologies

During his visit to KSC, the President specifically recognized the need for a heavy
lift launch capability to carry humans beyond LEO by requiring a decision on a ve-
hicle design no later than 2015. Such a decision would include setting performance
goals, identifying lift capability and selecting the general vehicle design—work that
will ultimately lay the path for launching a spacecraft for crewed missions into deep
space.

The FY 2011 budget request includes funds for NASA to conduct the important
R&D and analysis necessary to make an informed decision on a heavy-lift vehicle
no later than 2015. A primary focus of this effort will be to conduct research and
development on a U.S. first-stage hydrocarbon engine for potential use in heavy lift
and other launch systems, as well as basic research in areas such as new propel-
lants, advanced propulsion materials manufacturing techniques, combustion proc-
esses, propellant storage and control, and engine health monitoring. Additionally,
NASA will initiate development and testing of in-space engines. Areas of focus could
include a liquid oxygen/methane engine and lower-cost liquid oxygen/liquid hydro-
gen engines. This work will build on NASA’s recent R&D experience in this area,
and the test articles will be viewed as a potential prototype for a subsequent oper-
ational engine that would be re-startable and capable of high acceleration and reli-
ability. These technologies will increase our heavy-lift and other space propulsion
capabilities and is intended to significantly lower costs—with the clear goal of tak-
ing us farther and faster into space consistent with safety and mission success cri-
teria. In support of this initiative, NASA will explore cooperative efforts with the
Department of Defense and also develop a competitive process for allocating a small
portion of these funds to universities and other non-governmental organizations.
This research effort along with many of our new technology initiatives will be co-
ordinated with the broader Agency technology initiative led by NASA’s new Chief
Technologist.

On May 3, 2010, NASA issued a Request for Information (RFI) seeking general
information regarding potential launch or space transportation architectures (ex-
pendable, reusable, or a hybrid system) that could be utilized by multiple customers
(e.g., NASA, commercial and other Government agencies). The RFI solicits informa-
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tion regarding propulsion system characteristics; technology challenges for propul-
sion systems; as well as innovative methods to manage a heavy-lift development
program to include effective and affordable business practices. The RFI is open to
the broad space community, including commercial, other Government agencies and
academia. Information obtained from the RFI will be used for planning and acquisi-
tion-strategy development for current heavy-lift planning activities, funded in the
FY 2010 Consolidated Appropriations Act (P.L. 111-117). Related to the RFI, on
May 19, 2010, NASA posted a draft Broad Area Announcement (BAA). This draft
BAA is soliciting proposals for a Heavy Lift and Propulsion Technology Trade study
and seeks industry input on technical solutions in support of heavy lift system con-
cepts studies. This draft BAA requests offerors to expand upon the previous NASA
technical assessments and a final BAA solicitation will incorporate information ob-
tained via the RFI as well as inputs from the upcoming Exploration workshop.
These concept studies will include architecture assessments of a variety of potential
heavy lift launch vehicles and in-space vehicle architectures employing various pro-
pulsion combinations and how they can be deployed to meet multiple mission objec-
tives. Please note, the BAA is addressing FY 2010 planned activities which may also
contribute to future plans and activities.

Assistance for the Florida Space Coast

The men and women who work in the Space Coast’s aerospace industry are some
of the most talented and highly trained in the nation. It is critical that their skills
are tapped as we transform and grow the country’s space exploration efforts. The
2004 decision to end the Shuttle means that approximately 6,000 jobs need to be
transitioned into the new space strategy and related industries. Recognizing the
concerns of our dedicated Shuttle workforce as they conclude this remarkable pro-
gram and look forward to transitioning to new work, the President has announced
a $40 million initiative to develop a plan for regional economic growth and job cre-
ation for the Florida Space Coast. On May 3, 2010, the President issued a Memo-
randum directing the establishment of the Task Force on Space Industry Workforce
and Economic Development. The task force is charged with developing, in collabora-
tion with local stakeholders, an interagency action plan to facilitate economic devel-
opment strategies and plans along the Space Coast and to provide training and
other opportunities for affected aerospace workers so they are equipped to con-
tribute to new developments in America’s space program and related industries.
They will also explore future workforce and economic development activities that
could be undertaken for affected aerospace communities in other States, as appro-
priate. The Secretary of Commerce and I will serve as Co-Chairs. Other team mem-
bers will include: the Secretary of Defense; the Secretary of Labor; the Secretary of
Housing and Urban Development; the Secretary of Transportation; the Secretary of
Education, the Chair of the Council of Economic Advisors; the Director of the Office
of Management and Budget; the Administrator of the Small Business Administra-
tion; the Director of National Intelligence; the Director of the Office of Science and
Technology Policy; the Director of the National Economic Council; and the heads of
other Executive agencies, as needed. As directed, the team will report its rec-
ommendations to the President by August 15. The $40 million for this initiative will
be taken from the funds requested for Constellation transition in the original FY
2011 Presidential budget request.

This interagency group’s recommendations will build on the Administration’s on-
going efforts in the KSC region. The Department of Labor is already planning a
pilot program to better assist the region’s workers, including those highly-skilled
workers who work in the aerospace industry, through efforts to establish one-stop
local transition centers for affected workers where they can receive coordinated
local, state, and Federal workforce assistance tied to economic development efforts;
and the designation of a single Federal point-of-contact for affected areas.

To further facilitate these efforts, the Department of Commerce’s Economic Devel-
opment Administration (EDA) is prepared to support a comprehensive economic ad-
justment strategy for the Kennedy Space Center economic region. With funding pro-
vided through NASA, the EDA will provide both financial and technical assistance
to start implementing those plans and promote economic development in the region
through such activities as infrastructure upgrades and improvements, entrepre-
neurial networks, and skill-training facilities and equipment. The exact mix of ac-
tivities will depend on the recommendations and request of local entities across the
region.

In addition, on April 30, 2010, the Department of Labor announced a $1.2 million
grant to assist approximately 200 workers affected by layoffs at ATK Launch sys-
tems in Corinne, Utah, in connection with the transition of the Space Shuttle and
Constellation programs.
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NASA Prepares to Implement the FY 2011 Budget Request

Pursuant to the President’s proposed new course, NASA has initiated planning ac-
tivities to be able to effectively and efficiently implement these new activities in a
timely manner upon Congressional enactment of the FY 2011 budget. In April,
NASA outlined for the Committee the Agency’s planned major program assignments
across the Agency’s Centers for new or extended activities proposed as part of the
President’s FY 2011 budget request. These planned assignments build on the deep
knowledge and expertise that NASA has built up over five decades, recognize the
wealth of experience, commitment, and expertise resident at the NASA Centers, and
expand upon the strengths at each Center.

I wish to emphasize that establishment of program offices and initiation of effort
in support of new or extended activities for this proposed new work is contingent
upon Congressional approval of the President’s FY 2011 request for these activities.
These planned program assignments will enable NASA to engage workforce at the
Agency’s Centers in formulation activities for the array of program initiatives in
Science, Aeronautics, Space Technology, Exploration, and Space Operations reflected
in the President’s FY 2011 request. While we will be developing details on the spe-
cific numbers of employees at our Centers that will be assigned to new program of-
fices and activities, these planned assignments are intended to provide the Com-
mittee additional detail regarding the depth and scope of the President’s FY 2011
proposed budget plan.

Planned major program assignments for elements contained in the FY 2011 budg-
et, by Center, follow:

e Johnson Space Center, Texas

O Exploration/Flagship Technology Demonstrations, Manager
Exploration/Commercial Crew Development, Deputy Program Manager
Exploration/Commercial Cargo Development, Manager
Exploration/Human Research, Manager
ISS, Manager
e Kennedy Space Center, Florida

O Exploration/Commercial Crew Development, Manager

O Space Operations/21st Century Launch Complex, Manager

O Exploration/Flagship Technology Demonstrations, Deputy Program Man-

ager

O Space Shuttle/Completion of Manifest, Manager
e Marshall Space Flight Center, Alabama
> Exploration/Heavy Lift and Propulsion R&D, Manager
O Exploration/Robotic Precursor Program, Manager

O Space Technology/Crosscutting Capability Demonstrations/Technology
Demonstration Missions, Manager

O Space Technology/Centennial Challenges Program, Manager
e Stennis Space Center, Mississippi

O Exploration/Heavy Lift and Propulsion R&D, First Stage and Upper
Stage Rocket Testing

O Exploration/Commercial Crew Development, Engine Testing for Commer-
cial Vehicles

e Glenn Research Center, Ohio

O Exploration/Exploration Technology Development and Demonstration,
Manager

O Space Technology/Early Stage Innovation/Research Grants

O Aeronautics Research/Integrated Systems Research Program and Avia-
tion Safety Program, support

e Langley Research Center, Virginia

O Space Technology/Game Changing Technology/Game Changing Develop-
ment, Manager

O Climate Initiative: SAGE III; CLARREO (managed jointly with Goddard);
Venture Class

O Aeronautics Research/Integrated Systems Research Program and Avia-
tion Safety Program, support

e Dryden Flight Research Center, California

o O O

O
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O Space Technology/Crosscutting Capability Demonstrations/Flight Oppor-
tunities, Manager

O Aeronautics Research/Integrated Systems Research Program and Avia-
tion Safety Program, support

Ames Research Center, California
Exploration/Precursor Robotic Missions/Exploration Scouts, Manager
O Space Technology/Game Changing Technology/Small Satellite Subsystem
Technologies, Manager
O Space Technology/Crosscutting Capability Demonstrations/Edison Small
Satellite Demonstrations, Manager
O Aeronautics Research/Integrated Systems Research Program and Avia-
tion Safety Program, support
Goddard Space Flight Center, Maryland
O Joint Polar Satellite System (restructuring NPOESS), procurement struc-
ture modeled after past successful programs
O Climate Initiative: ICESat—2; CLARREO (managed jointly with Langley);
DESDynl (managed jointly with Jet Propulsion Laboratory); Earth Sys-
tematic Missions Program.
Jet Propulsion Laboratory, California
O Climate Initiative: SMAP; DESDynl (managed jointly with Goddard);
GRACE, OCO-2.

Following the release of the FY 2011 budget request, NASA established study
teams within the Exploration Systems Mission Directorate (ESMD) to ensure we un-
derstand the steps (and the implications of those steps) that would need to be taken
for an orderly transition of the Constellation Program and to plan for the implemen-
tation of the new initiatives in the Exploration program. The work undertaken by
these teams is a necessary part of that planning. Following is a brief summary of
the additional details developed for each initiative, as “point of departure” plans to
support FY 201 1 budget implementation, once the budget is approved. Please note
these are preliminary ESMD plans that may need to be modified following finaliza-
tion of Agency plans regarding the restructuring of the Orion crew capsule.

Flagship Technology Demonstrations: The next generation of capabilities
key to sustainably exploring deep space will be demonstrated through four
proposed missions: advanced space propulsion in 2014, in-space propellant
and fuel transfer in 2015, light weight/inflatable modules in 2016, and aero-
assist in 2017. Autonomous operations and advanced life support capabilities
will also be tested on these missions. Detailed definition of each mission’s con-
tent is currently under way.

Heavy Lift and Propulsion Technology: Planned technology investments
will lead to a demonstration of an in-space engine in 2015, development of
a First Stage propulsion system by 2020, and maturing other foundational
propulsion technologies to support a heavy lift vehicle decision in the 2015
timeframe. NASA’s efforts will be primarily focused on a LOX/RP first stage
and either a LOX/methane or LOX/hydrogen in-space engine. Additional re-
search will be dedicated to analysis and trades regarding fuel types, perform-
ance requirements, and vehicle architectures.

Exploration Robotic Precursors: A series of annual exploration robotic
precursor missions is being planned, beginning with launch of a Near-Earth-
Orbit (NEO) mission in 2014, followed by a lunar lander in 2015, and two
Mars missions in 2016 and 2018, respectively. In addition, smaller robotic
scout missions will be launched every 12-18 months to support reconnais-
sance, evaluate hazards, and develop systems and operations in support of fu-
ture human exploration.

Enabling Technology Development and Demonstration: Enabling tech-
nology will advance fundamental technologies in 10 portfolio areas that will
lead to ground and flight demonstrations in lunar volatiles, high power elec-
tric propulsion, autonomous precision landing, human exploration tele-robot-
ics, fission power systems, and other areas. The flight demonstrations will be
done as part of flagship demonstrations, robotic precursor missions, or uti-
lizing the ISS, ground tests and analogs.

Human Research: Through research and technology development, the goal
of the Human Research Program is to reduce the highest risks to crew health
and performance for space exploration missions. Increased investments will
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be made in the fields of biomedical technology, space radiation research, and
behavioral health research. There are also plans to make increased use of the
ISS facilities.

e Commercial Crew: NASA is continuing to define plans to expedite and im-
prove the robustness of ISS crew and cargo delivery. In addition, NASA is de-
veloping a plan that supports the development of commercial crew transpor-
tation providers to whom NASA could competitively award crew transpor-
tation services. Solicitations for Commercial Crew Transportation (CCT) de-
velopment will provide opportunities for both established and traditional
aerospace companies as well as emerging entrepreneurial companies. Related
to this activity, on May 21, NASA released a Request for Information to seek
industry feedback to help the Agency plan the overall strategy for the devel-
opment and demonstration of a CCT capability and to receive comments on
the Commercial Human-Rating Plan that has been drafted as part of this ini-
tiative.

Constellation Transition: The team is leveraging expertise from across the
Agency to develop a rapid and cost effective ramp-down plan that will free
the resources required for new programs. As part of the early characterization
and integrated planning effort, this team has initiated a broad survey of cur-
rent workforce, contracts, facilities, property, security, knowledge capture, in-
formation technology, and other government agency interface issues to deter-
mine what infrastructure and hardware could be used by the new programs
and projects. The transition plan will outline three phases as part of an action
plan for initial deliverables: Near-term actions, transitioning of Constellation
elements, and transition of assets/resources to new Exploration focus areas
and other NASA programs, where appropriate.

NASA is taking prudent steps to plan for the new initiatives included in the FY
2011 budget request, including Requests for Information (RFI), workshops, and pre-
liminary studies. NASA is eager to receive external input from industry, academia,
and other partners, and is accomplishing this via a series of RFIs and industry
workshops conducted this spring and into the summer. Doing so will ensure that
NASA receives important feedback from our space partners before it begins to final-
ize its implementation plans for the new technology demonstrations and human
spaceflight systems development activities that will be supported by the FY 2011
budget, once approved by Congress. During CY 2010, NASA plans to issue a series
of program formulation documents seeking input from the broader space commu-
nity. The following are tentative timeframes for these activities:

Flagship Technology Demonstrations: RFI issued May 17, 2010.

Heavy Lift and Propulsion Technology: RFI issued May 3, 2010; Broad
Agency Announcement (BAA) posted on May 19.

Exploration Robotic Precursor Missions: RFI issued May 21, 2010.

Enabling Technology Development: RFI issued May 7, 2010; BAA in
June/July.

e Human Research Program: BAA in July.
o Commercial Crew Transportation: RFI issued May 21, 2010.

The first major public discussions about NASA’s FY 2011 planned activities are
occurring at a two-day Exploration Enterprise Workshop, which started yesterday
and will conclude today in Galveston, Texas. The workshop is bringing together a
broad community of stakeholders from industry, academia, and the Federal Govern-
ment to engage 1n discussions related to strategy building, development, and the im-
plementation of the new plans for human and robotic exploration in space.

The workshop is focusing on the President’s FY 11 budget request for NASA Ex-
ploration. The Agency has completed the initial phase of planning for the new tech-
nology and robotic programs and is providing insight into progress to date. The ob-
jectives of the workshop are to:

Describe and discuss the activities planned for inclusion in the new programs
Discuss NASA Center proposed Program assignments

Solicit feedback, ideas and suggestions from interested parties

Prepare for the next steps once the new programs are implemented

In addition, NASA has also established study teams to plan for the implementa-
tion of the new initiatives related to the ISS Augmentation, 21st Century Space
Complex and Space Technology. Additional information on these planning efforts as
well as planned RFIs, workshops, and preliminary studies are outlined below.
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e ISS Augmentation: The ISS program is reviewing functionality enhance-
ments that will make the space station more capable and efficient, including:
upgraded environmental systems and communications, techniques for saving
space and improving the use of pressurized volume, tools for optimizing flight-
and ground-crew time, upgrading and expanding payload operations, enhanc-
ing EVA and robotics use on Station, and reducing the complexity of inter-
national interfaces.

O NASA will initiate an independent organization, as recommended by the
Augustine Committee and the National Research Council that will sup-
port the space station research community.

¢ 21st Century Space Launch Complex: NASA has developed a list of poten-
tial project ideas with preliminary estimates to be used as one potential
source of solutions to customer needs as they are identified. These initial
focus areas will be adjusted as customer needs are better understood: 1) Ex-
panding capabilities to support commercial launch providers; 2) Environ-
mental remediation; 3) Enhancing payload processing capabilities; and, 4)
Supporting the modernization of the launch range capabilities.

O In late May, NASA will release an RFI to get a first-hand understanding
of investments that would be most useful in support of launch and re-
lated activities in order to help the Agency prioritize near-term projects.

e Space Technology: NASA’s Space Technology initiative under the Office of
the Chief Technologist (OCT) will develop and demonstrate advanced space
systems concepts and technologies enabling new approaches to enhance
NASA’s current mission set and enable future missions. Planning teams con-
tinue to make significant progress: an internal technology governance plan
has been approved; an Agency-level technology road mapping activity is
planned to begin in July; and, approved technology program plans for Early
Stage Innovation, Game Changing Technology, and Crosscutting Capability
Demonstrations will be completed by the end of June.

O NASA will issue a Crosscutting Capability Demonstrations RFI in June
2010. Game Changing Technology Industry Day will occur in late June
2010. Early Stage Innovation NASA Research Announcements (NRA’s)
are targeted for late June 2010. An RF1I soliciting potential topics for the
proposed Space Technology Graduate Fellowship program has been re-
leased to the NASA Centers and Federal Research Laboratories.

Finally, NASA has established the Human Exploration Framework Team (HEFT)
to serve as a crossAgency planning activity. The team is being led by the Explo-
ration Systems Mission Directorate and staffed with technical leaders from across
NASA Centers. The team is focused on developing and reviewing the integrated set
of requirements and technologies required for future human spaceflight missions to
many destinations, including Mars. As part of its broad integration charter, HEFT
will develop implementation recommendations on the performance and pacing re-
quirements for the technologies needed for future human exploration missions using
“design reference missions,” or DRMs. These DRMs will be the basis for validating
capabilities and missions for 5-, 10-, and 15-year horizons, with milestones including
crewed missions beyond the Moon into deep space by 2025, sending astronauts to
an asteroid, and eventually landing on Mars. NASA expects to have initial products
from the HEFT team this summer.

Extension and Enhanced Use of the International Space Station

A key element of America’s future in space is the ISS that is due to be completed
this year. As of May 2009, the ISS is able to support a six-person permanent crew.
The three major science labs aboard ISS were completed in 2009 with the delivery
of the Exposed Facility of the Japanese Kibo module. And last week, Space Shuttle
Atlantis delivered science experiments and a new Russian laboratory to the ISS,
continuing the transition from assembly to continuous scientific research through
the end of the decade. The Russian-built Mini Research Module—1, also known as
Rassvet (dawn in Russian), will host a variety of biotechnology, biological science,
fluid physics and educational research experiments. Rassvet was attached to the
bottom port of the ISS’s Zarya module on May 18.

The ISS represents a unique research capability which the United States and its
partner nations can use to conduct a wide variety of research in biology, chemistry,
physics and engineering fields that will help us better understand how to keep as-
tronauts healthy and productive on long-duration space missions. If Congress ap-
proves the FY 2011 budget request, NASA will be able to fully utilize the ISS and
increase its capabilities through upgrades to both ground support and onboard sys-
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temg. Importantly, thi