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Overview

Mr. Chairman and Members of the Committee, | anagdel to have this opportunity to discuss NASA's
FY 2020 budget request of $21 billion. This budggiresents a significant step in pursuit of the
ambitious, long-term goals set for the Agency midkation and in Space Policy Directive-1.

NASA is going forward to the Moon. We are buildiagustainable, open architecture that returns
humanity to our nearest neighbor as the next stepii long-term drive to send humans to the Moah an
on to Mars. We are moving fast; we are incentigzspeed, and we are going to start taking “shots o
goal” almost immediately. We look to land humangtee Moon within a decade. We are completing
development of Orion, the spacecraft that will gdmumans to lunar orbit, and the Space Launch Byste
(SLS), the rocket that will launch Orion. We aregsing forward toward an uncrewed test flight of
Orion around the Moon in 2020 and we are workinatmch the Power Propulsion Element (PPE) in
2022, the first element of the Lunar Gateway, a&spft that will orbit the Moon and support future
landings. Once habitation capability is added,Glageway will serve as a reusable command module,
supporting human missions to the surface of theMaw giving us access to the entire lunar surface.
Working with commercial partners and internatiopattners, we seek to land humans on the surface of
the Moon. We look forward to receiving industrpposals this July and moving forward on an
ambitious schedule.

We are building for the long term, and this time going to the Moon to stay. A sustainable expiona
plan requires that we build within realisticallyagiable resources. We are designing an open, yrab
reusable architecture that will support exploratimndecades to come. Sustainability requiresaieles
systems and an openness to partnerships from abemssmmercial sector and around the world.

We are actively seeking partner contributions asdigipation. NASA is working to identify partndiip
opportunities that widen the pool of resourcesagch sustainability, and advance our most important
exploration objectives.

Sustainability requires that we remain focusedhenrtext goal beyond the Moon. Systems we develop
for lunar exploration will be designed to contriéwd a human exploration mission to Mars where
feasible. Beyond developing, testing, and dematisty the technology we need for the journey, wedne



to understand the destination. Humans have, intf@en exploring Mars for decades. We have moved
from landers to small solar-powered rovers, antbdarge nuclear-powered rovers. Atthe same time,
we have invested in critical infrastructure in odoiound the planet. With the FY 2020 request, NAS
will go beyond current capabilities to begin deyéhy a Mars Sample Return mission, a high priasfty
the scientific community as well as an importargqgorsor to human exploration.

This Exploration Campaign relies on seamless cotitipn across the Agency, including human
exploration and operations in low-Earth orbit (LE&d beyond, technology development, and elements
of science, as well as the rapidly advancing cditiabiof our commercial partners. It draws upon
decades of experience and data from our contirefiiegts in LEO. NASA has played a pivotal role in
enabling the ongoing and rapid expansion of comialeactivity in LEO. Our commercial partners are
set to make history — sending humans into spaa@amercially-developed, -owned, and -operated
systems this year. This has been a long proceg#ring with regular commercial cargo deliveries t

the International Space Station (ISS); it will sdwimg human spaceflight launches back to American
soil. NASA is working to extend this success witmmercial partners to the Moon and beyond.

The FY 2020 budget request supports our contineffagts to improve the performance and safety of
aircraft, crewed and uncrewed, here on Earth. NA@¥ronautics research is returning to the X-plane
business; our Low Boom Flight Demonstration Pro{e&FD) is working toward a first flight of the X-
59 QueSST supersonic flight demonstrator in FY 202/ will push the sound barrier once again, this
time with the goal of making practical commerciapsrsonic travel a reality, while again helping to
foster economic activity.

Much of NASA's current infrastructure was builtdapport the Apollo Program. Sustainability also
includes the ability of our infrastructure, capdigis, and facilities to effectively and efficieptupport
our missions, while including sufficient flexibito meet future needs as we continue to expl®tes
budget includes significant new investments in NAS#AiIssion support activities, to ensure that
exploration in space is not limited by our capaiesi on the ground.

NASA remains focused on exploring worlds that husnaray never visit. NASA robotic missions have
visited all the planets of the solar system, amdRharker Solar Probe is preparing to touch thesSun’
atmosphere. While the long-lived Opportunity Rolas finally ceased functioning, the even longer-
lived Voyager spacecraft has left the solar systé&ime search for life beyond Earth takes its neeq s
with our planned mission to Europa. The unparald@mes Webb Space Telescope will open a new
chapter in humanity’s ongoing quest to explore amderstand our universe.

NASA'’s focus on exploration also extends to the plamet known to support life. Exploring the Eaaith
a system from space, NASA is our leading sourdafofmation on the how the planet works, how the
climate is changing, and what the future holds. pmet is more important to explore than our own.
With a fleet of spacecraft operating in orbit NA8MI continue its world-leading role exploring the
home planet.

With the James Webb Space Telescope poised tolatakto the cosmos and back to the time when the
first stars were forming, humans landing on the Mand constellations of spacecraft exploring thars
system, NASA’s FY 2020 request supports what ily @wgolden age of exploration.

Human Exploration and Operations
The FY 2020 budget request supports bold new &telddSA’s Exploration Campaign. The United

States will lead the return of humans to the Mammidng-term exploration and utilization, followég
human missions to Mars and other destinations. rétpeest provides the FY 2020 resources NASA



needs to develop the SLS rocket and Orion crewclehas well as the other critical technologies and
research needed to support a robust exploratiagrgma The budget supports NASA'’s plan to use a
commercial rocket to deliver to cislunar orbit ®@wer and Propulsion Element (PPE) as the foundatio
of a Lunar Gateway no earlier than 2022.

The FY 2020 request includes $5,021.7 million feep Space Exploration Systems, and $4,285.7
million for Low-Earth Orbit and Spaceflight Openats, including the ISS and Space Transportation —
both commercial crew system development and ongoieny and cargo transportation services that
resupply the ISS.

NASA will continue its mission in LEO with the 198 enable exploration, while continuing to perform
research that benefits humanity, supporting Natibaboratory research by private industry and other
organizations, and working towards reducing openatiand maintenance costs. NASA will create new
opportunities for collaboration with industry orett8S and develop public-private partnerships for
exploration systems that will extend human presémcethe solar system. NASA is working to
transition our work in LEO, including our internatial partnerships, to be based on commercially-
provided space station services that help enalelp sigace exploration and private sector expansion i
LEO. To support this transition, the ISS will fecoear-term activities on supporting commercial
industry as well as meeting government requiremient&O. In parallel, NASA is creating a focused
effort aimed at long-term American operations irQ.Bdependent of the ISS.

Under the auspices of the ISS National Laboratmgnaged by the Center for the Advancement of
Science In Space (CASIS), NASA and CASIS contimuexipand research on the ISS sponsored by
pharmaceutical, technology, consumer product, aimer éndustries, as well as by other government
agencies, such as the National Institutes of Healththe National Science Foundation. Through the
joint efforts of NASA and CASIS, the ISS Nationalhas reached full capacity for allocated crevetim
and upmass and downmass.

Space life and physical science research will oomtito follow the guidance of the National Acadeshie
decadal studies. NASA-sponsored researchers evidl imajor user of the ISS and an early user of new
commercial platforms as they: enable exploratidh vesearch in fluid physics, combustion,
microbiology, food production, and animal modelsd @roduce knowledge for use on Earth in materials
science, complex fluids, and fundamental cold gbbysics. Space life and physical science research
expertise will be shared with new Governmental, wamtial, and academic researchers to accelerate
their productive use of LEO for research and tetdgyodevelopment and increase demand for LEO
capability.

NASA’s Human Research Program (HRP) will continmeanduct cutting-edge research on the effects
of spaceflight on the human body, including expenis that require the microgravity environmenthef t
ISS. HRP will support the development of deep sgamloration habitat concepts to ensure crew lnealt
and performance risks are adequately addressed.

Maintaining the ISS requires service providersustain a regular supply line of both crew and cargo
Under the original Commercial Resupply Services$EBontracts, our two commercial cargo partners,
Space Exploration Technologies (SpaceX) and Ngstaumman, have provided cargo deliveries to the
ISS. Using the launch vehicles developed in pastiip with NASA, SpaceX has helped to bring some
of the commercial satellite launch market backh®Wnited States and has contributed to a reduofion
launch costs. Northrop Grumman has begun to exglommercial markets by offering LEO missions
for up to a year after their ISS cargo missionosipleted. Under new CRS-2 contracts, SpaceX,
Northrop Grumman, and Sierra Nevada Corporatiohdeiiver critical science, research, and technplog
demonstrations to the ISS over five years from 2020ugh 2024. The addition of Sierra Nevada will



add the unique capability to return cargo to vaginunways, enabling quicker return of cargo for ISS
users.

NASA and its commercial partners, Boeing and SpagéKsoon make history as they prepare to launch
humans to the ISS. Before the companies can begidarly flying long-duration missions to the

orbiting laboratory, they first need to demonstthtsr systems’ capabilities through a seriesightl

tests. SpaceX’s uncrewed Demo-1 launched on M&r2h19, successfully docked to the ISS, re-enterd
Earth’s atmosphere, and was recovered after spigsttiwn in the Atlantic Ocean. Boeing is planning
for an uncrewed launch in April. Through NASA’si@mercial Crew Program, American astronauts will
soon launch to orbit from American soil for thesfitime since the Space Shuttle retired in 20Ldrthier,

for the first time in history, humans will trava space on systems owned, built, tested, and euklogt
private companies. The recent flight of the Crenadon and upcoming flight of the CST-100 Starliner
will demonstrate the enormous potential of comnagartnerships for the human exploration and
development of space.

Through the Commercial LEO Development program, WAl continue to leverage its resources and
capabilities to enable the development of a comialemtarket in LEO. The program’s first solicitatio
activity, which will go out in the next few monthsill support the development of new commercial LEO
platforms and capabilities. These partnershipkfurither accelerate the transisition of human sfiaght
operations in low-Earth orbit to commercial partnfar NASA and non-NASA needs.

NASA is building a deep space launch and crew gyst¢he Orion spacecraft, the heavy-lift SLS launch
vehicle, and the supporting Exploration Ground &yst (EGS) — to support the Exploration Campaign.
The SLS Block 1 cargo variant will be capable dfivdging Orion to cislunar space in the early 2020s
While more powerful SLS configurations remain apdartant future capability, recent delays in SLSecor
stage manufacturing require that NASA concentratbé near term on the successful completion of EM-
1 and EM-2 rather than split attention between ENEI#1-2, and developing an upgraded upper stage. As
a result, SLS Block 1B final development effortdl e deferred. The Orion crew vehicle will catny

to four humans to the lunar vicinity for up to 2dyd, and when combined with additional habitatian c
support longer-duration missions. The Orion wigloabe able to provide key initial life-support aaigbrt
capabilities to Gateway.

The budget request supports a planned SLS/OriasionisExploration Mission-1 (EM-1) that would
send an uncrewed Orion spacecraft around the Mdbis would be followed by the first crewed
SLS/Orion mission, Exploration Mission-2 (EM-2) aad annual launch cadence thereafter. The EM-1
and EM-2 launch dates are under review pending t&iop of independent assessments of core stage
production and the integrated mission schedule SAAs also assessing alternative architecturegRor

1 that could include the use of commercial launghisles. Our goal is to maintain our planned EM-1
schedule. NASA will keep the committee apprisedwffindings as we analyze these options. NASA
remains focused on the major risk areas assoandtkdirst-time production and testing of the SL&e
stage, integrated assembly and test of the Orimw and service module, and integrated operatiotiseat
Kennedy Space Center. The FY 2020 budget fullg$uhe Agency baseline commitment schedule for
EM-2 and the Orion spacecraft and enables NASAetrbwork on post-EM-2 missions. SLS, Orion,
and EGS are critical capabilities for maintainimgl @xtending U.S. human spaceflight leadership heyo
LEO to the Moon, Mars, and beyond.

As a key part of the Exploration Campaign, NASAlwitablish the Lunar Gateway, a small way station
that will orbit the Moon and enable human and ribiissions to the lunar surface. The Lunar Gateway
will support exploration on and around the Moorg anstainable human lunar surface exploration
missions by supporting reusable human lunar lanétensll be a temporary home for astronauts antll wi
foster growing domestic and international econoopiportunities for commercial logistics and refuglin



services, as well as providing robust communicatieith spacecraft in cislunar space and on therluna
surface.

The PPE is the first element of the Lunar Gatewhickvwill be launched on a commercial rocket in
2022 and placed in orbit around the Moon. The R#lElemonstrate advanced high-power solar-electric
propulsion (SEP) bus systems that will support lhothre NASA and commercial applications. The PPE
will supply power and propulsion for elements apstems on the Lunar Gateway as well as
communication to and from Earth, other spacecaaft, missions to the lunar surface. The Lunar
Gateway is intended to be capable of supportingadmiotass lander deployments and operations. Once
the PPE and mimimal habitation capabilities haventdelivered to cislunar space, a crew of four -
launched on Orion - will be able to visit the Lutizaiteway on their way to the lunar surface.

The Lunar Gateway will be launched on competitiy@igcured commercial launch vehicles and
assembled in orbit around the Moon where it willsed immediately as a staging point for missions t
the lunar surface. It can evolve depending on misseeds, and will support human-class reusable
landers, landing a crew of up to four astronautgheriunar surface and ultimately developing sustai
lunar operations on the Moon. This budget integr#the NASA Docking System (NDS) into the
modules of the Lunar Gateway, reducing developroest and allowing NASA, international and
commercial partners to easily dock with Lunar Gatgvo support lunar landers (including reusable
human), the Lunar Gateway itself and science obgxt Further, the early development of commercial
docking and delivery capabilities will be essenfital developing a sustainable and scalable lunar
program. Delivery of Lunar Gateway and lunar larelements, including refueling of these elements,
will create a reusable hub for sustainable lunéviacand feed forward to Mars. The Gateway amailr
surface campaign will benefit from components beirmyided by International partners. The Gateway
will be functional for lunar surface support withetaddition of a utilization module planned asrtbgt
element after the PPE element.

NASA is supporting the development of commercialluexploration capabilities leading to a human
lunar landing. NASA is focused on engaging U.8ustry partners using innovative approaches to
combine lunar robotics, a cislunar presence, andrllanding capabilities building up to a humaredat
lander. NASA's lunar efforts will incorporate rdisufrom the following.

* The Lunar Cargo Transportation and Landing by $ofichdown (CATALYST) initiative,
established in 2014, is encouraging the developwfedtS. private-sector robotic lunar landers
capable of successfully delivering payloads toltinar surface using U.S. commercial launch
capabilities.

»  Through Commercial Lunar Payload Services (CLP®&SA selected nine U.S. companies to
bid on delivery services to the lunar surface. drymayloads from a variety of customers,
including NASA, will fly on contracted missions giag in 2020, enabling critical technology
demonstrations and scientific observations.

* The budget request supports commercial developofentarge lunar lander that can initially
carry cargo and later astronauts to the surfatieeoMoon. NASA issued a solicitation on
February 7, 2019 to seek proposals from industrinfionan lander system studies, risk reduction,
development, and spaceflight demonstrations. TRes¢ Space Technologies for Exploration
Partnerships (NextSTEP) will enable rapid develapinaad flight demonstrations of human
lunar landers by supporting critical studies as#ét reduction activities, maturing requirements,
tailoring applicable standards, and creating tetdgyomaturation plans.



* NASA and its industrial partners are also workimgNextSTEP habitation systems to develop
concepts for cislunar habitats and to conduct gitechased testing of prototype habitats to
evaluate human factors, validate subsystem integrand test standard interfaces. The
knowledge gained from testing the NextSTEP habwtétseduce risk in the design of the
Gateway.

Missions to the Moon and cislunar space will alsvs as a stepping-stone, a training ground,
and a platform to strengthen commercial and intenal partnerships and prepare for future
human missions to Mars and other destinations.

The FY 2020 budget request provides for criticdastructure indispensable to the Nation’s access t
and use of space, including those provided unageSgace Communications and Navigation (SCaN)
Program, the Communication Services Program, thm&fa Services Program, Rocket Propulsion
Testing, and Human Space Flight Operations.

Human missions to the Moon and Mars will requireaated space communications and navigation
capabilities. SCaN's technology development efiforests in leading-edge communications

technologies to enable, improve, and mature spaftexmmunication and navigation technologies.
NASA is conducting studies to identify future teologies under development that can be infused to
support NASA exploration missions in the 2022-aegdnd timeframe. These studies include Requests
for Information and funded Broad Area Announcementgverage the creativity of industry partners
through mechanisms such as public-private partipgshat will be central to NASA's future
communications architecture. NASA is also initigtih Communications Services Program, based on our
successful Launch Services Program, which will begork towards matching future NASA missions

with communications services furnished by commémmiaviders.

Exploration Technology

NASA'’s FY 2020 request includes $1,014.3 million Exploration Technology to accelerate technology
development to enable human and robotic exploratidhe Moon and Mars and foster commercial
expansion in LEO and beyond. Technology drivedaggtion with investments spanning the
Technology Readiness Level (TRL) spectrum, advanearly-stage concepts and maturing key
technologies and systems that enable demonstratioakvant environments.

Within Exploration Technology, NASA will acceleratevelopment of lunar surface technologies
through the Lunar Surface Innovation Initiativelyohg new essential technologies required for husnan
to successfully operate on the lunar surface.izuitg the five-year horizon, NASA will transitiorely
technologies through the ground demonstration ptoagard flight demonstrations. The Lunar Surface
Innovation Initiative will include the technologyeas highlighted below.

* NASA is developing the technologies to make useesburces available on the Moon, on Mars,
and on other planetary bodies §itu resources). This technology holds the potentigrbduce
consumables, including oxygen, water, and hydragethe Moon, thus drastically reducing
mission mass, cost, and risk for human exploration.

* In order to address power requirements for longiom human missions to the lunar surface,
NASA is continuing work on its Kilopower technologyoject to demonstrate a small,
lightweight fission power system. The Kilopowepjerct will transition into a demonstration
mission in FY 2020 that would permit long-duratimewed missions on the surface of the Moon.



The Lunar Surface Innovation Initiative will bringgether the full range of stakeholders, including
entrepreneurs, academia, small businesses, indastithe NASA workforce to catalyze technology and
systems development.

Additionally, computer systems for spaceflight axposed to a hostile radiation environment that can

impact performance and reliability. NASA will agds this challenge in FY 2020 by testing a powerful
radiation-hardened computer processor that wilbeEnadvanced precision landing, hazard avoidance,

and autonomous operations.

NASA plans to launch two Exploration Technology @&rsiration missions in 2019: the Green
Propellant Infusion Mission spacecraft, and thep®pace Atomic Clock instrument will both be
delivered to orbit as part of the U.S. Air Forcea&p Test Program-2 mission. The Green Propellant
Infusion Mission demonstrates a propulsion systaah ¢ould reduce spacecraft processing costs by
replacing hydrazine propellant with a propellarttis less toxic and has approximately 40 percighten
performance by volume. The Deep Space Atomic Clatkdemonstrate the potential of a 50-fold
increase in clock accuracy for improved deep spas@ation and improved gravity science
measurements.

NASA is working to an August 2020 launch readindste for its Laser Communications Relay
Demonstration project. The project will demon&raptical communications technology in an
operational setting, providing data rates up to thd@s faster than today’s radio-frequency-based
communication systems.

In 2020, the Solar Electric Propulsion project wiimplete the Critical Design Review for the eliectr
propulsion subsystem, and build qualification utdtsonduct qualification testing of the Solar Htiec
Propulsion engineering development units for tlgdpower electric propulsion string. The first
demonstration of this system will be the 50-kilot@ass PPE for NASA’s Lunar Gateway spacecratft.

Other technology development that Exploration Tebdtay supports includes critical technology for the
Mars 2020 mission to be delivered this year; iafté¢ aerodynamic decelerator technology which could
enable high mass Entry, Descent, and Landing orsMad In-Space Robotic Manufacturing and
Assembly, with the potential to revolutionize expliion. These and many more technology efforts are
enabling NASA'’s most challenging missions.

Science

NASA'’s Science Mission Directorate leverages spaae- and ground-based assets to answer
fundamental questions about the Earth, the sokiesyand the universe, and our place in the cosmos.
Our scientists, engineers, and technologists waitk &/global community of researchers to provide th
scientific discoveries that advance critical untierding and inform decision-making. Whether thifoug
disaster response, natural resource managememeétgia defense, or space weather monitoring, NASA
provides tangible benefits that help protect angrove life on Earth. At the same time, NASA isdia
the quest to answer some of most pressing humastigng, among them how Earth and the universe
evolved, how life emerged, and whether we are alotige universe.

The FY 2020 budget requests $6,303.7 million fordAScience, including $2,622.1 million for
Planetary Science, $844.8 million for Astrophyst#352.5 million for JWST $704.5 million for
Heliophysics, and $1,779.8 million for Earth Sciend he budget enables NASA to continue advancing
national science and exploration goals while méiirig its global leadership position through a bakd
and integrated science program. This year’'s budgptest reflects a concerted effort to seek apdigr
new partnerships that will allow the Agency to leage the innovation, resources, and know-how of the



full breadth of the global science enterprise,udoig other U.S. and foreign agencies, as well as
commercial, academic, and other non-Governmentahes.

Science remains critical to the exploration goélhe Agency, contributing both capabilities and
knowledge needed to advance human and robotic retigo of the Moon, Mars, and beyond. The Lunar
Discovery and Exploration program advances an rated strategy for exploration, not only through
improved collaboration across the Agency but alsteleraging interagency, international, and
commercial partnerships. In November 2018, NASl&aed nine U.S. companies to bid on delivery
services to the lunar surface through CommerciabkPayload Services (CLPS) contracts. Lunar
payloads from a variety of customers, including MA®ill fly on contracted missions starting in 2020
enabling critical technology demonstrations anérsific observations; most recently, NASA selectéd
proposals for the Development and Advancement oBLinstrumentation (DALI) program, which will
support instruments that will fly on future lunaissions. NASA's Lunar Reconnaissance Orbiter
(LRO), which marks its tenth anniversary in 2018qtinues to help scientists characterize the lunar
surface, providing insights into lunar resourcelysia that could support future human exploration.

NASA'’s Planetary Science Division develops and afe=r increasingly sophisticated missions to reveal
new knowledge of our Solar System’s content, origirolution, and the potential for life elsewhere.
With spacecraft in place from the innermost pldoghe very edge of the Sun's influence, this year’
budget request reinvigorates robotic explorationwfSolar System, supporting the long-term sdienti
study of the Moon, Mars, and beyond.

NASA'’s robust Mars Exploration Program continuest¢hieve great things. In November 2018, the
Interior Exploration using Seismic Investigatio@&odesy and Heat Transport (InSight) lander reached
the Martian surface, marking the Agency'’s eightbcegsful soft landing on the Red Planet. A robot
geologist, InSight will yield new discoveries abtle Martian interior, providing an unprecedentzakl

at its core structure and heat flow. Cruising bdhinSight were two experimental, briefcase-sized
spacecraft named Mars Cube One (MarCO) — thedfitst planetary CubeSats — which successfully
relayed data back to Earth from the InSight lartigmg its descent to the Martian surface.

The budget request also supports continued progfghe Mars 2020 rover, which — after an intensive
effort to identify the most promising landing sitevill head to the Jezero Crater following a Jub2@
launch. A precursor to human missions to Mars, V2820 will continue to search for evidence of tife
the Red Planet and collect a cache of core samples.

In 2020, NASA will commence studies and developnwéra Mars Sample Return mission — the highest
priority strategic mission identified by the sciéntcommunity in the most recent planetary science
decadal survey and endorsed in the 2018 midteresasent — that would allow for the return of the
Mars 2020 rover samples. Leveraging commercialiatednational partnerships, such as with the
European Space Agency, this mission may launcladg & 2026.

Beyond Mars, NASA will continue development of thext Discovery missions, Lucy and Psyche, as
well as the cutting-edge Europa Clipper strategisian to fly by Jupiter's moon — a first step in
exploring ocean worlds and their potential habliighi And just this year, NASA celebrated the firs
flyby of a Kuiper Belt object (MU69/UIltima Thule)ithh our New Horizons mission. The data collected
from over four billion miles away from Earth wilelp answer basic questions about the surface
properties, geology, and atmospheres of thesetprerhodies.

In December 2018, NASA's first asteroid samplingsion, the Origins, Spectral Interpretation,
Resource Identification, Security-Regolith Explof@SIRIS-REX), entered orbit around Bennu, the
smallest object a spacecraft has ever orbite@0R0, OSIRIS-REX will have completed its mapping of



Bennu, informing selection of the most promisingipée collection site. Its measurements of this
potentially hazardous object (Bennu'’s orbit coulith@ it relatively close to Earth at the end of tret
century), will not only shed light on the earlytioiy of our Solar System, but will also inform ttiesign
of future missions to mitigate possible asteroigaects on Earth.

Built as a cohesive, international program for Nearth Object (NEO) detection and mitigation
technology development, NASA’s Planetary Defensmfm will continue to fund the NEO
Observations project and development of a spaceddagared instrument for detecting NEOs with this
year’s budget request. Meanwhile, the Double AstieRedirection Test (DART) to demonstrate the
kinetic impact technique for asteroid deflectiol wontinue to make progress towards its planne2ll20
launch.

NASA'’s Astrophysics Division seeks to understarg thiverse and our place in it, probing how it veork
and peering into the origin and evolution of gadsxand stars. Through a coordinated program of
research, space-based missions, and technologiodeent, it also explores the formation of plangtar
systems and seeks to understand how habitableoaménts develop, a key aspect of the search &or lif
in the universe.

In 2018, NASA bid farewell to the Kepler missioffitea nine years of searching for planets outside ou
Solar System. Kepler discovered almost 2,700 neplanets, bringing the total from all sources vero
3,900 known exoplanets. Kepler's legacy servaba$oundation for NASA’s next planet-hunting
mission, the Transiting Exoplanet Survey Sate{ltESS), launched in April 2018. TESS has already
found 12 new exoplanets, including four new muléinet systems. During its two-year primary mission
TESS will observe nearly the whole sky, providingch catalog of worlds around nearby stars, inicigd
valuable targets for the James Webb Space Teleso@pgplore. The 2020 budget accommodates the
funds needed to support the revised March 202Xctadate of the James Webb Space Telescope, the
largest and most powerful space telescope to belal@ed to date. Webb will join NASA’s family of
observatories to examine the first stars and gadatkiat formed, viewing the atmospheres of nearby
planets outside our solar system and informingunalerstanding of the evolution of our own solar
system.

The budget request also supports operations faitherne Stratospheric Observatory for Infrared
Astronomy (SOFIA), a partnership with the Germamospace Center; SOFIA will complete its five-year
prime mission in 2019. Flying into the stratosghabove 99 percent of Earth’s infrared-blocking
atmosphere, SOFIA allows astronomers to studydlas system and beyond in ways that are not
possible with ground-based telescopes, from al@givhere in the world.

In order to maintain a balanced science progratnagi@mizes overall scientific return, the FY 2020
budget request again proposes termination of trdeWield Infrared Survey Telescope (WFIRST),
given its significant cost and higher prioritieghin NASA, including completing the delayed James
Webb Space Telescope.

The budget also enables NASA to fully support cammgeé\strophysics missions and research, and follow
the decadal- survey-recommended cadence of newphstsics Explorers missions. By the end of FY
2019, NASA plans to release Announcements of Oppiyt for the next Astrophysics Small Explorer
and Mission of Opportunity missions for an initsglection in 2020.

NASA'’s Heliophysics Division studies the naturetleé Sun, how it affects Earth and other objectién
solar system, and the very nature of space itéétiderstanding the Sun and its interactions wiéh th
space environment, including near-Earth space shegentists identify the causes and impacts afespa
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weather phenomena, which can threaten spacecrhéistironauts, and affect human technological
infrastructure and activities, both on and arouadt and beyond.

The Heliophysics Division adopts a holistic appitoszthe study of the Sun and its connection tarear
and other planets — venturing to the very edgbé®un’s influence and beyond. In December 2018,
Voyager 2 exited the heliosphere, the protectivebbriof particles and magnetic fields created Iy th
Sun, a milestone only achieved once before — byagey 1 in 20121n over 40 years in space, Voyager 2
has traveled a staggering 18.5 billion mide®l is NASA'’s longest-running mission.

In 2018, several successful launches also expathéddeliophysics System Observatory, including the
January 2018 launch of the Global-scale Obsernatidithe Limb and Disk (GOLD) instrument, and the
August 2018 launch of the Parker Solar Probe, wbazhpleted its first of 24 planned orbits arounel th
Sun in January 2019. Together with GOLD, the Iphesic Connection Explorer (ICON) instrument
launching in 2019 will provide the most compreheasibservations of the ionosphere — a region of
charged particles in Earth’s upper atmosphereluly 2018, NASA selected the Interstellar Mappind a
Acceleration Probe (IMAP), identified as a prioritythe most recent solar and space physics decadal
survey, to launch in 2024 to study the boundarthefouter solar system where the solar wind ends.
Also, in 2020, NASA will launch Solar Orbiter, &rjo collaboration led by the European Space Agency,
into orbit around the Sun in order to better uniders the dynamics of the heliosphere.

NASA continues to work with its agency partnerseduce gaps between space weather research and
operations. The budget initiates the HeliophySipace Weather Science and Applications project to
further strengthen the feedback between fundamesgahrch and operational forecasting needs by
improving the transition of science results int@@gtional products. The budget also provides for a
potential new Small Explorer-class space weathesimm. This will lay the groundwork for a future
Space Weather Mission line to focus on resolvimglimental science problems required to improve
space weather prediction, and serve as a pathfiodebservation technology for the National Oceani
and Atmospheric Administration’s (NOAA'’s) operatairspace weather missions.

NASA'’s Earth Science Division develops and operapee-based and airborne missions that obtain
revolutionary observations of our planet. NASAtB&cience works with the scientific community to
coordinate and integrate measurements to improaetiative understanding of our planet and acclyrate
model Earth’s complex system of interacting proesssl he program also teams with government and
commercial partners in the U.S. and internationalyse the measurements and understanding to
develop and demonstrate applications that will gedirect benefit to our Nation, and indeed all of
humanity.

In 2018, NASA launched two strategic missions recamded by the 2007 Earth Science decadal survey:
Gravity Recovery and Climate Experiment Follow-@GRACE-FO); and Ice, Cloud and land Elevation
Satellite-2 (ICESat-2). The twin satellites of GRE-FO are continuing the original GRACE mission’s
15-year legacy (2002-2017) of measuring the changiass of ice sheets and glaciers and tracking
Earth’s water movement across the planet. ICEStie2follow-on to NASA's ICESat mission (2003-
2009), is providing unprecedented data on the t@pity of ice, forests, and oceans. In NovembeB8201
the Operation IceBridge 2018 Antarctic Field Cargpatoncluded successfully after flying under
ICESat-2 orbits to validate and verify the new Hitéés measurements.

In addition, NASA Earth Science is collaboratinghthe Human Exploration and Operations Mission
Directorate to utilize the ISS for Earth observiasio NASA Earth Science launched two low-cost,
competitively selected missions to the ISS in 20IBe ECOsystem Spaceborne Thermal Radiometer
Experiment on Space Station (ECOSTRESS) instrumeneasuring agricultural water use, vegetation
stress, and drought warning conditions. In Decer2b&8, the similarly low-cost, competitively setet
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Global Ecosystem Dynamics Investigation (GEDI) tatien canopy lidar instrument was launched to
the ISS and is now embarked on its science migsiomke 3D maps of the world’s forests.

Launching to the ISS in spring 2019, the Orbitirgytidon Observatory-3 (OCO-3) instrument will
continue measurements of the complex dynamics h&acarbon cycle, increasing understanding of the
regional sources and sinks of carbon dioxide. AYi€020 budget request also funds continued pregres
of Landsat 9 for a launch as early as FY 2021 pds$ of the Sustained Land Imaging program
architecture, Landsat 9 will enable continuity lué tritical, long-term land imaging data recordibem
1972 with NASA'’s joint agency partner, the U.S. ®gaal Survey. Consistent with the FY 2019
budget request, the FY 2020 request proposes tatiminof the Plankton Aerosol Cloud ocean
Ecosystem (PACE), and Climate Absolute RadianceRafdactivity Observatory Pathfinder
(CLARREO-PF) missions.

NASA Earth Science continues to explore innovatimenerships and new approaches, including the
acquisition of commercial data products from smatkllite constellations. In September 2018, tad=
Science Division awarded contracts to three comialedata products providers. Through this pilot
program, NASA-funded researchers will examine thergific value of the data to help determine the
utility of the private sector’s constellation-baggdducts for advancing NASA'’s science and appboet
development goals. The 2020 budget request cagisupport for the integration of NASA Earth
Science efforts with non-Governmental partnersughothese and other activities, such as commercial
hosting and new partnerships (such as the NASA-&waton International collaboration announced in
February 2018).

NASA Science leads the Nation on a journey of discpthrough its nearly 100 missions. In everpste
we share the adventure with the public and pastithrothers to substantially improve science,
technology, engineering, and mathematics (STEM)dity and understanding nationwide. In 2019, the
National Academies will conduct an assessment ofSaience Activatioprogram, which since its
establishment in 2016 has competitively selectert 8% awardees, enabling more than 200 partnerships
that connect NASA science experts and contentaimégs of all ages in communities across the land.

Aeronautics

Aviation moves the world, and an efficient and safdransportation system is fundamental to thertu
of the U.S. economy. NASA's cutting-edge aeror@utesearch is delivering new concepts and
technologies which will change the face of aviati@nwe know it, boosting U.S. technological and
economic leadership in this global industry anctng high quality American jobs. The FY 2020
budget requests $667 million for NASA aeronautesearch.

NASA is enabling quiet commercial supersonic fligiough construction of the X-59 supersonic flight
demonstrator, with a first flight planned for FYZ20 NASA will then conduct a first-of-its kind, i
year flight research campaign over populated amegather data about community response to quiet
supersonic flights, enabling domestic and inteometti regulators to establish a new supersonic noise
standard. This capability will position the U.Siadion industry to supply global customers witkuite
supersonic aircraft products.

NASA is collaborating with industry to investigateovative technology for subsonic aircraft, inchgl
advanced wing design, transformative structuresyuydsion-airframe integration, and small-core toebi
engines. NASA also is leading research into nemvpmnents, technologies, and powertrain architesture
for electric or hybrid electric systems that camgprabout revolutionary improvements in small asig)é
transport aircraft. NASA's work on the X-57 Maxwaircraft — an all-electric, general-aviation-size
plane — is already delivering important lessonth&ocommunity about designing, building, and opegat
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an all-electric system. Ground tests this yearflglt tests next year will provide valuable insig into
the challenges and opportunities of electric aftcra

Building on these activities, NASA has begun a irydar effort to solve the technical challenges
associated with a 1-Megawatt (MW) power electricraift propulsion system — enough energy to power
165 homes. NASA will refine concepts and techn@s@nd validate new electric systems through
ground and flight tests. Realizing a practical ¥h¢lectric aircraft propulsion system has nevemnbee
accomplished and is an area of notable interndtmomapetition. To support this work, NASA has
commissioned the world-leading NASA Electric Airitriest Facility (NEAT) capable of conducting
full-scale ground tests of high-power electric prigmpn systems.

In addition to developing new vehicle technologldASA is conducting research to make design and
manufacturing processes more efficient and reduedime and cost to build aircraft. Next year, MAS
will complete the Advanced Composites Projectxaysiar focused effort in partnership with indudtsy
significantly reduce the time needed to developaeartify new composite structures for aerospace
applications.

In 2020, NASA will complete demonstrations of teclugies to integrate operations of larger Unmanned
Aircraft Systems (UAS) into the existing National Space (NAS) as well as manage smaller vehicles
safely at lower altitudes. Those efforts are pmg the foundation for another major transformatd

the aviation sector being led by NASA — creatiomofurban air mobility (UAM) system that is safe,
economical, and environmentally friendly to moveple and packages in population centers.

NASA will begin a new Advanced Air Mobility projeat FY 2020 to enable the emergence of UAM.
NASA is preparing a series of “Grand Challengesit thill provide a means to assess the maturityegf k
systems for UAM. Through these Grand ChallengésSAlwill serve as a catalyst for companies to
rapidly develop and demonstrate their capabilitidsle setting the course for needed research and
investment. Initial community response to NASAéadership in UAM has been strongly supportive.

NASA research is enabling a transformed airspastesythat supports efficient operations of all ckds
across these different market segments, and gitiesns the confidence that every flight is safd an
secure. NASA will complete a series of Airspacelirmlogy Demonstrations (ATDs) with the Federal
Aviation Administration (FAA), airlines, and airgasperators to demonstrate new capabilities for
managing efficient airline operations. A final hiidelity demonstration of all integrated system
capabilities will support delivery of the reseaerstd development results the FAA needs to advance
NextGen capabilities and improvements to meet t&'sair traffic management needs. NASA then
will turn its attention to new research to addrbessafety and efficiency challenges of a more derp
airspace supporting a broad range of new users.

NASA continues its investment in unique specialitailities and experts who conduct fundamental
research to address key challenges in hypersagitt.fNASA coordinates closely with partners in the
Department of Defense (DOD) to leverage DOD invesiinin ground and flight activities to develop and
validate advanced physics-based computational madebuilding blocks towards a long-term vision for
hypersonic flight. At the same time, the DOD bésdfom NASA hypersonics expertise, analyses,
testing capabilities and computational models.

NASA aeronautics research is conducted in partigwsith the aviation community to transform
aviation as we know it, and find solutions to agiatsystem needs that will provide benefits in rlighi
environmental sustainability, and safety, whileugimgy continued long-term U.S. aviation technology
leadership in this rapidly expanding global industNASA investments are enabling the early stajes
the future airspace system that will enable altsisefrom UAS to UAM to traditional airlines — to
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seamlessly access the airspace and safely anigefijc with great benefit to U.S. industry and
passengers alike.

STEM Engagement

NASA’s FY 2020 budget proposes the termination 8884’s Office of STEM Engagement and its
portfolio of domestic assistance awards (grantscagherative agreements), and instead prioritizes
funding toward an innovative and inspirational peog of exploration. While the FY 2020 budget no
longer supports these programs, a common visiogsiom and focus areas will drive NASA'’s future
endeavors in science, technology, engineeringnaattiematics (STEM) engagement. Through its
mission directorates, NASA will focus on: creatungque opportunities for students to contribute to
NASA’s work in exploration and discovery; buildiagdiverse future STEM workforce by engaging
students in authentic learning experiences with Na®eople, content and facilities; and strengthgni
understanding by enabling powerful connections ASN's mission and work. A small, focused
functional office at NASA headquarters will be agotable for the strategic direction and coordirmatd
the Agency’s STEM engagement efforts.

NASA’s mission successes will continue to inspire hext generation to pursue science, technology,
engineering, and mathematics studies, join us ofoouney of discovery, and become the diverse
workforce we will need for tomorrow’s critical asqmace careers. We will use every opportunity to
engage learners in our work and to encourage eahscatudents, and the public to continue makiegy th
own discoveries.

Mission Support

In this budget, NASA will simultaneously implemantiltiple large development programs in order to
return to the surface of the Moon by 2028. To lmessful, NASA must have the institutional
capabilities and facilities necessary to efficigmthd effectively support these programs, whiclhhy

this budget proposes important new investment issMn Support. NASA’s mission support programs
directly enable the Agency'’s portfolio of missionBhe FY 2020 request prioritizes the capabilities,
operations and equipment to safely operate andtamaiNASA Centers and facilities, along with the
independent technical authority required to redisteto life and program objectives for all NASA
missions. With installations in 14 states, NASAlexiively manages $39 billion in assets with an
inventory of over 5,000 buildings and structur€sier the past 60 years, NASA has leveraged uniegte t
facilities to develop new and innovative vehicles &echnology for space exploration. Now, comnagrci
companies are also leveraging this unique infragira. Over 80 percent of NASA facilities are bego
their constructed design life, and NASA faces thallenge of a deferred maintenance backlog of 2.3
The 2020 budget includes additional funding crittoarenewing our infrastructure while we contirtoe
divest of unneeded, costly facilities.

In the area of information technology (IT) servicB&SA continues to improve management and
strengthen NASA's cybersecurity capabilities inertb safeguard critical systems and data. We have
made significant progress over the past severasyesising NASA’s score on the Federal IT Acquosit
Reform Act (FITARA) from an “F” in 2015 to a B+ thpast year. The 2020 budget provides critical
resources to continue strengthening cyber seqoamitiections and funding to help modernize NASA's IT
systems in support of future mission objectived=Y120, the Agency will continue its efforts to
implement and develop optimal solutions. Exampiekide IT consolidation, automated segmentation
architecture and end user cloud migration. NASAtiooies to transition its IT to an enterprise
governance and operating model.

Conclusion
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NASA’s FY 2020 budget request provides for the fiation of a national exploration campaign that will
create an architecture that is open, sustainall@gite. The Space Launch System and Orion, afitic
components of our exploration architecture, witlale important milestones in construction and tgstin
this year as the program works through significkevelopment challenges, and our new lunar command
module, the Gateway, will see international and mancial partnerships solidified and construction
begin. We have called on American companies tp iesign and develop human lunar landers and
reusable systems for surface activities. In LE@,@ommercial Crew program remains strong and will
soon be delivering American astronauts, on Americakets, from American soil to the ISS for theffir
time since 2011.

With the FY 2020 request NASA will initiate thedtrround-trip mission to the Red Planet with a Mars
sample return mission, and many of the technolbgid@ancements we achieve moving forward to the
Moon will provide critical data and capabilities foture robotic and crewed Mars missioNge will
continue to pursue transformative aeronautics @ogy as we develop the next generation of aircraft
and make air travel safer and more efficiate will increase our understanding of our home @lamd
move out on ambitious programs to study the fachea of our solar system and beyond.

Mr. Chairman, | would be pleased to respond to ypestions and those of other Members of the
Committee.



