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Mr. Chairman and Members of the Subcommittee, tlyankfor the opportunity to appear before you
today to discuss the outlook for NASA’s human spéigat program. This has been a remarkable year,
as we have completed assembling and outfitting®1t.S. On-orbit Segment (USOS) of the
International Space Station (ISS), allowing usacus on full utilization of the Station’s research
capabilities; taken key steps in moving forwaraitite future of exploration beyond Low-Earth Orbit
(LEO); celebrated the Btanniversary of human spaceflight; and witnessedtitcessful conclusion of
the historic Space Shuttle Program. We are alsasgld with the progress our industry partners have
made in developing an American capability to tramspargo and eventually astronauts to the ISS, and
end the outsourcing of this work to foreign goveemts. More importantly, this will add a criticaMel

of redundancy for transporting cargo and crew &I85. A robust transportation architecture is
important to ensuring full utilization of this aniag research facility. Enabling commercial crevd an
cargo transportation systems in LEO allows NASAottus on developing its own systems for sending
astronauts on missions of exploration beyond LE®Gis split between commercial and Government
systems allows for a cost effective approach tonate a broad base for human exploration by theddnit
States.

International Space Station

The ISS is the culmination of the efforts of theitdd States and its Canadian, European, Japanmebe, a
Russian partners to work together to construcghlifiicomplex and capable spacecraft with components
built in many nations around the globe, launchedffour different space centers, and assembled on
orbit by astronauts conducting over 160 spacewdltksepresents an unparalleled capability for hama
space-based research. The STS-135 mission, flgpv@pace Shuttle Atlantis in July of this year, neark
the conclusion of the successful Space ShuttlerBnogfter 30 years of flight, as well as the coripte

of major assembly and outfitting activities on t8&. The Station, including its large solar arrapmans
the area of a U.S. football field and end zoned vagighs over 860,000 pounds, without its varidty o
visiting vehicles. The complex has more livablemothan a conventional five-bedroom house, and has
two bathrooms, a fitness center, a 360-degree windod, most importantly, state of the art sciéntif
research facilities that can support a large wanétesearch disciplines. Examples include higbrgy
particle physics, Earth remote sensing and geophgsiperiments, protein crystallization experimgnts
human physiology research (including bone and nreusdearch), radiation research, plant and
cultivation experiments, combustion research, fheskearch, materials science experiments, and



biological investigations. Since November 2, 208ken the crew of Expedition 1 docked with the ISS,
the Station has been visited by more than 200 peapd has been continuously crewed for over 11
years. With the docking of Soyuz 28S to the IS®omember 16, 2011, the Soyuz crew exchange
capability is restored. The planned December 2Maitking of Soyuz 29S will restore the crew
complement to six for a nominal six-month duration.

Beyond being a feat of unparalleled engineeringamstruction, as well as international collabanati
the ISS is a place to learn how to live and workpace over a long period of time. It is a place t
conduct research and development (R&D) that cap@gursued on Earth due to our gravitational field.
The three major science laboratories aboard the-I8%& U.SDestiny, EuropearColumbus, and
JapanesgKibo facilities — as well as external test beds, enabteonauts to conduct a wide variety of
experiments in the unique, microgravity and ulteatwum environment of LEO. It is important to note
that the Station supports R&D across an arraysiplines, including biology and biotechnology, tear
science, space science, human research, physccahaerials science, and technology development.
This means that R&D conducted aboard Station hblelpromise of new discoveries not only in areas
directly related to NASA'’s exploration efforts, kintfields that have terrestrial applications, adlwThe
ISS will provide these opportunities to scientests! technologists through at least 2020.

In the NASA Authorization Act of 2005 (P.L. 109-15&ongress designated the U.S. segment of the ISS
as a National Laboratory, and directed NASA to deakcrease the utilization of the ISS by other

Federal entities and the private sector. To thes en February 14, 2011, NASA issued a cooperative
agreement notice, and on August 31, 2011, the Aginalized a cooperative agreement with the Center
for the Advancement of Science in Space (CASIShanage the portion of the ISS that operates as a
U.S. National Laboratory. NASA has made soliddgtsiin its effort to engage other organizationtién

ISS program, and the Agency now has Memoranda détdtanding with five Federal agencies and
Space Act Agreements with nine companies and usities.

While the ISS offers extraordinary opportunities ddvancing science and technology to other U.S.
Government agencies, hon-profit research foundstiand private firms, it will also continue to meet
NASA’s mission objective to prepare for the nextpstin human space exploration — steps which will
take astronauts beyond LEO to destinations sutheaasteroids, the Moon, and eventually, Mars. The
ISS is NASA's only long-duration flight analog farture human deep space missions. It provides an
invaluable laboratory for research with direct &mtion to the exploration requirements that adsires
human risks associated with deep space missiomsthie only space-based multinational research an
technology test-bed available to identify and gifiamisks to human health and performance, iderdifid
validate potential risk mitigation techniques, aleelop countermeasures for future human explaratio

In addition to the direct research benefits to d@ed by utilizing the ISS as a National Laboratdinys
innovative arrangement also supports NASA's efiopromote the development of a LEO space
economy. National Lab partners can use the umugjaeogravity environment of space and the advanced
research facilities aboard Station to enable ingasons that may give them the edge in the global
competition to develop valuable, high technologydurcts and services. Furthermore, the demand for
access to the ISS will support the providers of memtial crew and cargo systems. Both of thesecsspe
of the U.S. segment of ISS as a National Laboratgliyhelp establish and demonstrate the market for
research in LEO beyond the requirements of NASA.



U.S. Commercial Cargo and Crew Transportation Serdes for the ISS

Commercial Orbital Transportation Services (COTi8) @ommercial Resupply Services (CRS)

In the area of commercial cargo transportation, NA&s implemented a two-phased approach for
developing and procuring services: Commercial @f@iransportation Services (COTS) to develop and
demonstrate commercial cargo transportation capabjland Commercial Resupply Services (CRS) to
procure cargo resupply services to and from the ISASA is pleased with the progress being made by
Space Exploration Technologies, Inc. (SpaceX) arit& Sciences Corporation (Orbital) on both of
these efforts.

We anticipate that these providers will begin tpming cargo to the ISS in 2012 -- a challenging
endeavor that will mark a significant milestone lfmth companies. NASA and these providers have
spent many years preparing for the full utilizatpivase of ISS; now is the time when we will begis¢e
the fruits of this planning and development. NAiSAngaged in ISS utilization and with the help and
dedication of these providers; the ISS will be mextensively utilized and positioned to demonstthé
benefits of space-based R&D more widely to the g@orl

Commercial Crew Development (CCDev)

NASA'’s investments have been aimed at stimulatffarts within the private sector to develop and
demonstrate human spaceflight capabilities thrabghCCDev initiative. Since 2009, NASA has
conducted two CCDev rounds, soliciting proposaisiil.S. industry to further advance commercial
crew space transportation system concepts, andeni design and development of elements of the
system, such as launch vehicles and spacecrathelfirst round of CCDev, NASA awarded five funded
Space Act Agreements (SAAs) in February 2010, whatcluded in the first quarter of 2011. Awardees
and the amounts of the awards were: Blue Origt7 $illion; the Boeing Company, $18.0 million;
Paragon Space Development Corporation, $1.4 mijlseerra Nevada Corporation, $20.0 million; and
United Launch Alliance, $6.7 million. Under theSaAAs, companies received funding contingent upon
completion of specified development milestonespfihich were successfully accomplished by the
CCDeyv industry partners.

During the second CCDev competition, known as CDBIASA awarded four funded SAAs that are
currently being executed with the following indyspartners:

» Blue Origin’s work involves risk-reduction actiwes related to its reusable biconic shaped Space
Vehicle, which is to be launched first on an Aflakunch vehicle, and then on Blue Origin’s
own Reusable Booster System. As of October 311, 2Blle Origin had successfully completed
five of ten milestones and NASA had provided $Imilion of the $22 million planned for this
effort.

» The Boeing Company is maturing its concept for@sake-based spacecraft that will be reusable
for up to ten missions and be compatible with rpldtiaunch vehicles. As of October 31, 2011,
Boeing had successfully completed five of fifteeitestones and NASA had provided $52.5
million of the $112.9 million planned for this effo

» Sierra Nevada Corporation (SNC) is maturing itsdbmeChaser, a reusable, piloted lifting body,
derived from NASA’s HL-20 concept that will be lazlred on an Atlas V launch vehicle. As of
October 31, 2011, SNC had successfully completeddt thirteen milestones and NASA had
provided $30 million of the $105.6 million planntmt this effort.



» SpaceX is maturing its flight-proven Falcon 9/Dmagransportation system focusing on
developing an integrated, side-mounted Launch ABgstem. Their crew transportation system
is based on the existing Falcon 9 launch vehicteRmagon spacecraft. As of October 31, 2011,
SpaceX had successfully completed four of ten nafess and NASA had provided $40 million
of the $75 million planned for this effort.

In addition to the four funded agreements menticad®alre, NASA has also signed SAAs without
funding with three companies: Alliant Techsystens, (ATK); United Launch Alliance (ULA); and
Excalibur Almaz, Incorporated (EAI). The ATK agneent is to advance the company’s Liberty launch
vehicle concept. The ULA agreement is to accedettad potential use of the Atlas V as part of a
commercial crew transportation system. The EA&agrent is to further develop the company’s concept
for LEO crew transportation. As of October 31, 20ATK had successfully completed one of five
milestones; ULA successfully completed two of fmé@estones; and EAI had completed one of five
milestones.

Commercial Crew Program (CCP)

The CCP is a partnership between NASA and the ferisector to incentivize companies to build and
operate safe, reliable, and cost effective comrakhtiman space transportation systems. In the near
term, NASA plans to be a partner with U.S. industrpviding technical and financial assistancemyri
the development phase. In the longer term, NASA$Lko buy transportation services for U.S. and-U.S
designated astronauts to the ISS. We hope thee thativities will stimulate the development ofeawn
industry that will be available to all potentialstomers -- including the U.S. Government -- puttih§.
industry in a leadership role for this new market.

On September 19, 2011, NASA released a draft RéfpreBroposals (RFP) for Phase 1, entitled
Commercial Crew Integrated Design Contract (CCID@®)iting industry to comment on the process.
The final CCIDC RFP will incorporate input from iastry as appropriate and solicit proposals for a
complete end-to-end crew transportation and resgstem design, including spacecraft, launch vehicle
launch services, ground and mission operationsrecalery. NASA plans to release the final RFP for
this effort by the end of 2011.

NASA has been told consistently by a broad rangsoténtial providers that private sector partners
expect to be able to achieve the capability to jpeommercial spaceflight services to the ISS itk

5 years from initial development start. NASA’s R¥12 budget request of $850 million for CCP would
provide that initial start in FY 2012 for the demeient of commercial crew transportation systems,
which NASA believes would enable services to 1IS8dgossible in the 2016 timeframe. A reduction in
funding from the President’s request could sigaifity impact the program’s schedule, risk postanel
acquisition strategy. NASA'®iitial analysis shows that a FY 2012 funding level ofG&Gllion
(consistent with the 2010 NASA Authorization Aat)plemented with the current contract-based NASA
acquisition strategy would delay initial capabilitylSS to 2017, assuming additional funding islatte

in the outyears.

Preparing for the Next Giant Leap — Supporting Beyad-LEO Exploration

NASA is aggressively moving forward with our ne@ngration human spaceflight system by developing
the Orion Multi-Purpose Crew Vehicle (MPCV) and &pd&aunch System (SLS), which will take
astronauts beyond LEO for the first time sinceApello-17 lunar mission of December 1972. NASA’s
plans include an uncrewed system test flight of@nien and SLS in 2017, and a crewed test flight in
2021.



In addition, we are planning to conduct Exploratidight Test-1 (EFT-1), an uncrewed, two-orbit, thig
apogee, high-energy-entry, low-inclination testsiua that is targeted for flight in early FY 201%his
early exploration flight test is critical to provi) early data to influence design decisions amdirsg as

a pathfinder to validate innovative new approatbhespace systems development that will reducedbt c
of exploration missions. The EFT-1 utilizes anyeproduction variant of the Orion spacecraft tvit

be integrated on a Lockheed Martin-procured, coroially available heavy class launch vehicle. This
launch vehicle will require performance capabitiiyjaunch a mass of approximately 18 metric tons to
provide the energy and guidance capability to aehreentry conditions required to validate Oridmést
shield performance.

The EFT-1 spacecraft will make a water landing aiiltbe recovered using the 2Century Ground
System (21CGS) recovery forces planned for futuradn exploration missions. The proposed flight tes
provides an opportunity to significantly informtical design by operating the integrated spacecraft
hardware and software in flight environments ttaatrot be duplicated by ground testing.

Orion Multi-Purpose Crew Vehicle (MPCV)

In May 2011, | approved the Orion-based refereratecle design, outlined in NASA’s January 2011
report to Congress, as the Agency’s MPCV. The ®@n¢hich was already being built to meet the
requirements of a deep-space vehicle, maps wéiketgcope of the MPCV requirements outlined in the
NASA Authorization Act of 2010. The Agency’s cuntecontractual partnership with Lockheed Martin
Corporation will therefore be used for at leastdegelopment phase of the MPCV.

The MPCV will transport crew from the Earth’s sudao destinations beyond LEO, eventually
providing all services necessary to support a @eup to four for up to 21-day missions. For viemg
beyond-LEO missions, such as exploration of NeathEasteroids (NEAS) or other planetary bodies,
additional elements — a space habitation modulexample — will be included to provide long-duratio
deep space habitation capability.

Mounted on top of the SLS for launch and ascestMPCV will be capable of performing abort
maneuvers should an emergency arise, to safelyaedeom the launch vehicle and return the crew to
the Earth’s surface. MPCV will also be capabl@@fforming in-space aborts if conditions require th
immediate safe return of the crew. The vehiclé wilude the necessary propulsive acceleration
capability to rendezvous with other mission eleraemtd return the flight crew from the destinatiorhte
Earth’s surface. In-space operations, such aemods and docking and extravehicular activitiad, w
be performed with the MPCV in conjunction with atimission elements.

The MPCV will be capable of efficient and timelyodwtion, allowing for an incremental or “block”
development and mission capability approach. Willenable early progress to be made on the
fabrication of key design aspects, depending oflabla funding, while utilizing early testing to yu
down risks associated with subsequent block cordigpns. Each test cycle will also provide an
opportunity to on-ramp or off-ramp capabilitiestias design evolves.

Moving forward, work on the MPCV will focus only dhe deep-space design. While the MPCV could
be called upon to service the ISS as a contingeffoyt — a backup requirement established by th&NA
Authorization Act of 2010 (P.L. 111-267) -- it sHdie well understood that utilizing the vehicle fo
routine ISS transportation would be a very ineffitiand costly use of the MPCV deep-space capabilit
NASA is confident in the ability of our commerciahd international partners to provide all currently
foreseen support for the ISS. Therefore, then® isitention to conduct routine LEO missions whik t
MPCV.



Space Launch System (SLS)

On September 14, 2011, | selected the design efvdainch vehicle — the SLS — that will take the
Agency’s astronauts farther into space than eviarégecreate high-quality jobs here at home, and
provide the cornerstone for America’s future beyb&® human space exploration efforts. This new
heavy-lift rocket will be America’s most powerfuhse the Saturn V rocket that carried Apollo
astronauts to the Moon and will launch humans &ogd no one has gone before. SLS’s early flights w
be capable of lifting 70-100 metric tons beforelewmy to a lift capacity of 130 metric tons.

The new rocket will use a liquid hydrogen and lajakygen propulsion system. The vehicle’s corgesta
will utilize existing Space Shuttle Main EngineSS{8E RS-25D) for the initial capability (the firstdr

or five missions, depending on manifest requiresjenNASA is planning to develop an expendable
version of the SSME (RS-25E) which would have lomanufacturing costs but still provide the engine
performance needed, particularly specific impufsa ivacuum environment. NASA’s use of the SSME
inventory will reduce initial design costs and taldvantage of an existing human-rated system. NASA
plans to modify and use the existing SSME contraitt Pratt & Whitney Rocketdyne to acquire engine
servicing and testing for the initial launch system

The upper stage of the SLS will also use a liqyidrbgen and liquid oxygen propulsion system that
includes the Ares | upper stage engine, the J2XSAintends to modify the existing Ares | Upper &ta
contract with Boeing to develop the SLS core stagtupper stage and will also utilize the existlay
contract with Pratt Whitney Rocketdyne to continieeeloping the upper stage engine. The Ares | Uppe
Stage Production Contract is the only means to Be8tmilestone schedules and avoid substantial
duplication of cost, and the Ares | Upper Stagethasame functionality as the SLS Core and Upper
Stage elements. NASA also plans to modify andihusexisting Ares Instrument Unit/Avionics contract

While NASA plans to use five-segment solid rockebsters for at most the first two initial capalilit
flights of the SLS, there will be a competitiondevelop the follow-on boosters based on performance
requirements. On October 7, 2011, the Agency sel@a Request for Information for Advanced
Development of the follow-on systems boosters aadived over 30 responses from the aerospace
industry.

Beyond LEO Exploration with Orion MPCV and SLS

The primary purpose of the Orion MPCV and SLS hddtyehicle is to conduct crewed deep space
missions of exploration beyond LEO. Together, ttegyresent the foundational building blocks and key
enablers for both our national and internationahhn spaceflight exploration enterprise.

The Orion MPCV and SLS launcher will provide theitdd States with the flexibility to conduct
missions to a variety of compelling destinationgdrel LEO, including NEAs, the Moon, the moons of
Mars, and Mars itself. The “horizon destinationf human space exploration is Mars, as it represent
compelling destination for both robotic and humpace exploration missions. A human exploration
mission to Mars will need vital technology, systesnsl operational development to succeed in this
tremendously bold and challenging endeavor. NAS#Warking to develop new technologies to support
human missions beyond LEO through its Space Teolggand Advanced Exploration Systems (AES)
programs.



Advancing Space Exploration Technologies

NASA recognizes that any future human exploratiboreis largely dependent on developing
breakthrough technologies that will enable us felgao farther and faster into space and at a taost.
By investing in high payoff, disruptive technolotipat industry does not have today, NASA matures the
technologies required for future missions, whileyang the capabilities and lowering the cost of
government and commercial space activities.

NASA has been working with the National Researchr@i to develop Technology roadmaps for the
Agency. Much like the Science decadal surveysemeadmaps will help guide our investment strategy
to ensure NASA is advancing the technology it ndedfuture human exploration. In a draft report
released to the public late this summer, the Nati®@search Council made a stark observation bggot
that, “NASA’s technology base is largely depletaad few new, demonstrated technologies are availabl
to help NASA execute its priorities in exploratiand space science.”

Internally, NASA has identified several criticatteologies to advance human exploration. Withe th
Space Technology program Congress authorized, NdS%rking toward a FY 2016 flight
demonstration to test long-term storage and trawsfigabilities for cryogenic fluids. Improved
capabilities in this area, in combination with BIeS heavy-lift vehicle, will bring deep-space explon
closer to reality. In addition, Boeing and a teafmengineers from four NASA Centers are working
together to develop two large-scale, lightweighhposite cryogenic propellant tanks for validatioml a
gualification testing in FY 2013 that promise thigwe weight and cost savings as compared to
traditional aluminum lithium tanks and may be useduture heavy-lift launch vehicles. Other
significant investment includes acceleration ofitihepace propulsion and space power generation and
storage ground-based technology development efferisired to reduce risk for a future planned solar
electric propulsion demonstration that will enaglicient deep-space transportation that is requioe
deep-space exploration.

Other technology work in development includes tiing:

» At Goddard Space Flight Center (GSFC) in Marylamtbam is developing a laser-based, deep
space communications system that will revolutiotiEmway we send and receive data, video and
other information, using lasers to encode and inétrdata at rates 10 to 100 times faster than
today’s systems which will be needed for future hurand robotic space missions.

» At NASA's Jet Propulsion Laboratory (JPL), a teandéveloping a Deep Space Atomic Clock,
which utilizes a key component from the Johns-Hoglkpplied Physics Laboratory, that will
dramatically improve navigation and guidance iufatdeep space missions, and may lead to an
improved Global Positioning System (GPS) in suppb#ctivities here on Earth.

* AtJPL and the Langley Research Center, engineers@rking to develop lightweight planetary
entry systems that will enable large mass, highagien and pinpoint landing capabilities
required for Mars and other planetary destinations.

» At Johnson Space Center, a team is working to fnilthe Robonaut 2 demonstration on ISS
and further NASA’s development of next-generatielerobotics systems.

Consistent with NASA's technology roadmaps, the ldar&xploration and Operations Mission
Directorate’s (HEOMD) AES Program is pioneering regproaches for rapidly developing prototype
systems, demonstrating key capabilities, and viatigaperational concepts for future human missions



beyond Earth orbit. AES activities are uniquellated to crew safety and mission operations in deep
space, and are strongly coupled to future vehielebpment. Early integration and testing of piyje
systems will reduce risk and improve affordabibfyexploration mission elements. The prototype
systems developed in the AES program will be detnates in ground-based test beds, field tests,
underwater tests, and flight experiments on the IB&ny AES projects will evolve into larger integgd
systems and mission elements that will be testd&8rbefore we venture beyond Earth orbit. The AES
and the Space Technology Programs will work closadether to incorporate and integrate new
technologies and innovations as they are maturéuketpoint of infusion.

The AES Program is also working closely with NAS&&@ence Mission Directorate to pursue a joint
program of robotic precursor activities that witlqaiire critical data on potential destinationsftdure
human missions such as the Moon, NEAs, and Marstsundbons. This program builds upon the
successful collaboration between science and eadpdoron the Lunar Reconnaissance Orbiter mission.
Later this month, the Mars Science Laboratory bélllaunched. Onboard the rover will be a Radiation
Assessment Detector to measure the radiation emagat during the transit to and on the surface of
Mars. These data will help researchers to undeidtaw the Mars radiation environment may affeet th
health of future human explorers.

The development, testing, and evolution of an aofagchnologies for missions beyond LEO, including
propulsion, logistics and resupply, life scienced human systems, communications, and many other
areas, enables what we call the Capability Driveamiework, and it's the basic approach to safely
extending human presence to multiple destinatibrughout the solar system in a robust, sustaindd a
affordable manner.

In addition to developing building blocks for futumissions, the AES and Space Technology programs
are exploring innovative ways to drive a rapid patprogress, streamline project management, aad us
NASA'’s resources workforce more effectively. Byngssmall, focused projects to rapidly develop and
test prototype systems in house, NASA hopes talgresduce lifecycle costs, and minimize the rigk o
incorporating new technologies into system designs.

A Capability Driven Framework Approach to the Human Space Exploration Architecture

NASA, in collaboration with our international, inégency, industry, and academic partners, contitales
refine the analysis, planning, and communicatiat ill be instrumental in defining an effective
Capabilities Driven Framework as a long-term sgater guiding NASA investments in capabilities,
technologies, robotic precursors, testing and ageént, terrestrial analogue activities, and the
partnerships that will enable them. NASA’s ongoamgl cross-cutting Human Architecture Team (HAT)
continues the integrated planning, development aaradysis of the human spaceflight exploration and
operations architecture, taking into considerateminology, science, and supporting infrastructure.

Leveraging the ISS as an important National resepliatform and test bed for exploration technolsgie
and operational concepts and other potential missiorelatively close proximity to the Earth are
actively being considered as part of the incremerapability build-up approach. These include posd
satellite servicing and repair missions, assemblgrge structures, or extended duration missiariside
the radiation protection afforded by the Earth.e High-Earth Orbit and Geosynchronous Orbit regions
provide another opportunity to test spacecraftesystat greater distances and in more challenging
environments consistent with the NASA Authorizatiset of 2010 (P.L. 111-267), which specifies that
the architecture have “...the capability to condecfular in-space operations, such as rendezvous,
docking, and extra-vehicular activities, in conjtioc with... other vehicles, in preparation for mess



beyond low-Earth orbit or servicing of [future obs&ory-class scientific spacecraft intended to be
deployed in Earth-orbit], or other assets in cisaluspace.”

When looking beyond near-Earth space and LEO, akm@ssions and target destinations are viable.
These include Earth’s closest solar system neighbitve Earth-Moon or Sun-Earth Lagrange points and
cis-lunar space, NEAs, the Moon, the moons of Mamg, Mars. Each destination provides unique
exploration and operational opportunities. Luriezumnavigation and flights to Earth-Moon or Earth-
Sun Lagrange points hold near-term promise as clingéest locations for the SLS, Orion MPCV, and
other key emerging systems. Lagrange points adtgtionally stable regions created by the inteoac

of the gravity fields of any two large masses; bject placed at a Lagrange point will tend to stay
place for a long time. The Earth-Moon L1 and L2jtange points could therefore be excellent
“gateways” for a multitude of exciting exploratiamissions. The NEAs provide the opportunity to send
humans beyond the solar orbit of Earth while h@diompelling science and planetary defense
knowledge-building potential. In addition to pdssiscientific prospects, missions to NEAs would
afford astronauts the experience applicable toelegipace missions that would eventually contrilboite
establishing a permanent human presence beyoria. EEnere are a few asteroids which could be wsite
by the SLS and Orion MPCYV in the timeframe undersideration. Additional NEA survey data will be
required to identify and refine the catalog of mbia targets.

On a slightly longer timeline, the moons of MarBeimos and Phobos — present opportunities to blend
both NEA and surface mission attributes in a hybrigsion that may be less risk- and resource-iitens
than a full Mars surface exploration mission, hiltIse very much on the enabling path for such a
mission. Mars, being the farthest and most chgitendestination in the capability-driven plan,
represents a long-term goal or horizon destindtolmuman exploration and later longer duratiorfaste
habitation. Mars has a plethora of scientificaifyportant and resource-rich targets from which to
choose. Collectively, the NEAs, lunar, and Marstihations also respond to the NASA Authorization
Act of 2010, which states that Congress finds “..gk&ension of the human presence from low-Earth
orbit to other regions of space beyond low-Earthitawill enable missions to the surface of the M@l
missions to deep space destinations such as nerdsteroids and Mars.”

NASA shares the belief of its partners that chaglleg and exciting exploration missions will be
international in nature, so we are actively engagyith the international community, facilitatingfefts
to collaboratively set the stage for human exploramissions of the future through both the ISS
partnership and in the International Space ExglamaCoordination Group.

International Cooperation: The Global Exploration Roadmap (GER)

In September 2011, the initial version of the Gldbeploration Roadmap (GER) was released by the
International Space Exploration Coordination Gr@3tECG) and its members. The GER is the
culmination of work by 12 of the 14 ISECG spaceraigs over the past year to advance coordinated
space exploration.

The GER starts with the ISS as a foundation, amdhéxes options for expanding human presence into
the solar system, with a human mission to exploeesurface of Mars as the ultimate goal. The GBR |
out a framework for continuing international dissioss, including Common Goals and Objectives; two
potential scenarios for human and robotic explorativer the next 25 years: "Asteroid Next" and tvMo
Next"; and, Human Exploration Preparatory Acti\gtieThe exploration scenarios and preparatory
activities are not binding on the participating mgjes, but they may serve to inform agency decssion
related to exploration activities.



Through the work of the ISECG and the GER, manthefworld’s space agencies have begun
collaboratively working on long-range exploratioisgion scenarios. Agencies are looking for neante
opportunities to coordinate and cooperate thaesgmt concrete steps toward enabling the future of
human space exploration across the solar system.

Implementing the Future

In implementing NASA’s missions, the Agency’s Ceatensure that the future outlined here is brought
into being. Three of NASA's Centers focused on anrapaceflight goals are the Johnson Space Center,
in Texas; the Kennedy Space Center, in Florida; tredMarshall Space Flight Center, in Alabama.
Without these Centers’ highly skilled and dedicaieutkforce and state-of-the-art facilities, reaigithe

full potential of the human exploration of spacewdobe impossible.

The Johnson Space Center (JSC) leads the develbpirtbe Orion MPCV, and the Program is working
to make this vehicle affordable and able to meegktiand schedule requirements. As part of thattef
NASA is finalizing Orion’s flight test strategy sbat flight tests can focus on high risk items ieath

the development cycle when it costs less to chémga. Orion has also streamlined NASA's insight an
oversight model, using engineering for more in-@¥elopment work rather than only oversight. JSC
has been working closely with other NASA centergpoygram-to-program integration to ensure safe and
successful flight.

JSC continues to focus on operating, utilizing, ar@ntaining a safe ISS. The Center is working to
enhance ISS capabilities for research and techposdigwing us to use Station as a test bed fopdee
space engineering demonstrations and building vpomternational partnership.

The Kennedy Space Center (KSC) is focused on coniah@artnerships to support safe, reliable, and
cost effective access to LEO and the ISS, lookimgfeative ways to collaborate. Currently, KSG ha
approximately 80 partnership agreements signed discussion. A successful example is the historic
agreement with Space Florida for use of Orbitec®seing Facility-3 (OPF-3) by Boeing to manufacture
and test their CST-100 spacecraft.

KSC’s Commercial Crew Program is developing a wat@mmercial space industry, which is will enable
the U.S. to retain jobs and technical expertisd,tha Center’s 21st Century Ground Systems Proggam
going forward to build a true multi-user launch qoex for our Nation. It is evolving from a
Government-centric, government-owned and operaiagtex, to a true multiuse spaceport with
Government and commercial operations utilizing kdsastructure for access to space.

The Marshall Space Flight Center (MSFC) is desigrind developing the SLS. The plan for SLS starts
where we are, with a talented workforce, robustivare, and unique infrastructure either already in
place or well into development, while providing quetitive opportunities for advanced technologied th
will be evaluated on both performance and returineastment. The SLS Program is a lean organizatio
that has streamlined its interfaces, workflow, dadision-making processes.

MSFC is also responsible for hardware and paylgaaiions for the ISS and such science missions as
the Discovery and New Frontiers Programs and then@ta X-ray Observatory. The Center continues to
lead the way in propulsion, science and discovargart because of its exceptional team of renowned
experts and many unique, specialized laboratoriddacilities.

All three Centers are engaged in both the AES gradt&Technology programs developing the essential
technologies required for deep space exploration.
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It is important to note that while JSC, KSC, andiSare represented here today, all of NASA's Center
play a role in the Agency’s exploration efforts,etirer in the form of providing valuable testing and
other support facilities, or operating NASA's roioatcience missions. The Agency relies on its
personnel and infrastructure around the Natiorctmaplish America’s achievements in space.

Conclusion

NASA, with our commercial and international parsydras embarked on a new phase of human space
exploration and development. In LEO, we see thmication of the efforts of many nations to constru
the ISS. From September 2000 to October 20109lirMstigations were conducted aboard the Space
Station, including U.S., International Partner, &tational Laboratory Pathfinder investigations.isTh
research involved 1,600 scientists and has alressijted in more than 310 scientific publicatiofifie
Station has now entered its operations and res@diade, and this phase will continue through &t lea
2020. This research will benefit NASA’s exploratigoals, but also go beyond this by enabling other
governmental and non-governmental entities to conaide-ranging experiments that we anticipate will
result in a variety of terrestrial benefits.

All of this research will be supported by a new vehyloing business: the use of commercially presid
services rather than Government-owned vehiclestsport crew and cargo from Earth to LEO and back
again. We are also working aggressively to brivegrtew domestic commercial cargo providers on
board. The Commercial Crew Program has great gerbut also some significant challenges ahead.
Human spaceflight is a very difficult endeavor, and industry partners will have the responsibifay

the full end-to-end system. Private enterpriseafatdable commercial operations in LEO will ereahl
truly sustainable step in our expansion into spaca robust, vibrant, commercial enterprise with ynan
providers and a wide range of private and publersisiill enable U.S. industry to support NASA and
other Government and commercial users safely bilgliand at a lower cost. NASA is proud to help in
laying the groundwork for the emerging LEO spacaneoy.

By investing in space technology research, NASAlma significant part of the solution to our Nat&
economic, national security and geopolitical chajles. NASA's Space Technology Program will
support NASA's needs and also act as a catalyshifmvation throughout America’s aerospace
industries, and it will create new, high technolgglys and innovations in manufacturing that will
guarantee American leadership in the new techncdagyomy.

The commercial systems will enable NASA to focgoivn development efforts on the Orion MPCV
and SLS, which will send our astronauts on missafrexploration beyond LEO. These systems will be
flexible enough to support many different missioargarios, and will serve well in the decades toe&com
One of NASA'’s greatest challenges will be to redilmeedevelopment and operating costs (both fixet an
recurring) for human spaceflight missions to sustaiong-term U.S. human spaceflight program. We
must plan and implement an exploration enterprisle gosts that are credible and affordable forltime
term under constrained budget environments. Wearenitted to developing an affordable, sustainable
and realistic next-generation human spaceflighiesyghat will enable human exploration, scientific
discovery, broad commercial benefits, and insgireti missions that are in the best interests of the
Nation. We are also committed to the developméttie@necessary technologies required to explore ou
universe. We need your continued support to peothe funding required for this effort.

Mr. Chairman, | would be happy to respond to angstion you or the other Members of the
Subcommittee may have.
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