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Overview

Chair Horn and Members of the Committee, we araggld to have this opportunity to discuss the latest
developments in the NASA Exploration Campaign. cgpolicy Directive-1 (SPD-1) directs the NASA
Administrator to “leachn innovative and sustainable program of explonatith commercial and
international partners to enable human expansimsadhe solar system and to bring back to Eanth ne
knowledge and opportunities. Beginning with missibeyond low-Earth orbit, the United States will
lead the return of humans to the Moon for long-tesustainable exploration and utilization, followad
human missions to Mars and other destinations.t pgDusuit of these objectives will enable Amerioa t
achieve strategic presence on the Moon and preeggria cislunar space. NASA has laid out a clear
plan for NASA’s Exploration Campaign that cuts asthree strategic areas: low Earth Orbit (LER®, t
Moon, and Mars and beyond.

Exploring the Moon strengthens American leadershgrience, exploration, technology and innovation,
and provides a chance for an economic revolution:

» Just as Apollo inspired a generation, NASA contintgeinspire with feats of science and
exploration today. If we bring together the cafiids and resources of our international and
commercial partners to return to the Moon and comtito Mars, we will demonstrate to young
people around the world the power of a unified pag— an example of what humankind can do
when it comes together to achieve a common godahtocommon good.

* The Moon is a treasure chest of science and kngelag: can acquire with a sustained human
and robotic presence. The lunar samples returaedgithe Apollo Program dramatically
changed our view of the solar system, and scisntmttinue to unlock new secrets from the
samples. We believe the poles of the Moon holtiang of tons of water ice. The farther



humans venture into space, the more importantivines to manufacture materials and products
with local resources. We know the Moon can telingge about our own planet, and even our
own sun.

» Exploration is critical to the continuation of apecies. Humanity must build a pathway to
enable settlements beyond Earth, and the Moonteistbed for Mars. It provides an opportunity
to demonstrate new technologies that we will userewed Mars missions: power and
propulsion systems, human habitats, in-space metiag, life support systems) situ
resource utilization. Just as important, it pregc nearby opportunity to test new approaches to
designing our programs so that we can cost-effelgtiexpeditiously, and safely expand the
envelope of human activity in the solar system.

* We're laying the groundwork for the next econongeaiution — a revolution which will happen
in space, built on mining, tourism, and scientiBsearch that will power and empower countless
future generations and create new jobs and inégsti®ur investments in revolutionary,
American-made technologies today fuel tomorrowisivation and space economy.

We are pursuing the goals established by SPD-1renNASA Transition Authorization Act of 2017

with a new sense of urgency. We are going to thadirst woman and the next man on the Moon near
the South Pole by 2024. The architecture to sugponan landings on the Moon in 2024 is based en th
architecture already in development to supportpoevious goal to land on the Moon in 2028. The
landing in 2024 will use the Space Launch Systeb$j%nd Orion crew vehicle already being developed
as the backbone of our deep space explorationtactinie. NASA is how engaged in intensive
discussions and analysis to produce the resouticeagss and detailed schedules that will suppe@rt th
2024 landing. Our initial focus will be on speaayrking toward long-term sustainability and
continuously expanding on the broader commeraiéénse, academia and international partnershigs tha
will support our horizon goal: human missions tarsl

PHASE 1: Moon to Mars (M2M): 2024 — A New Urgency

NASA is going forward to the Moon. On March 26120the Vice President announced at a meeting of
the National Space Council in Huntsville, Alabartimet, at the direction of the President of the &lhit
States, it is the stated policy of the United StatieAmerica to return American astronauts to thaoi
within five years and that, when the first Ameri@stronauts return to the lunar surface, theytailée

their first steps on the Moon’s South Pole. NASAléveloping a plan to accomplish this charge alid w
submit a FY 2020 Budget Amendment in the near &ufar necessary expenses to accelerate activities t
establish a United States presence on the Moo®®%.20ur goal is to leverage and build upon our
existing work and plans to achieve these new goals.

Schedule performance by SLS and Orion are critcakhieving a human return to the Moon by 2024.
In early March, the Human Exploration and Operatibhssion Directorate (HEOMD) chartered an
assessment to evaluate alternate approaches tiwdnarprocessing and facilities utilization for key
components, with the goal of maintaining an easlpassible EM-1 launch date. To date the following
has been concluded:

» The 45-day study identified production and operetiopportunities that help offset schedule
delays for EM-1 while identifying minimal changette risk posture.



* An alternate assembly plan has been adopted tmmbks¢he entire Core Stage in parallel with
the engine section, then mate the engine sectiondmbally. Vertical final outfitting will occur
at Stennis Space Center. This alternate asserpptpach will result in reducing the time the
vehicle will be at Michoud Assembly Facility by apgimately 3.5 months.

»  Orion will remove propellant and consumables netdes for the EM-1 mission; this reduction in
Orion mass will provide up to three days of addisiblaunch window opportunities.

» Even with the changes described above, it willbepossible to meet the previously-planned
EM-1 launch target of no earlier than (NET) Jun@®0ONASA and its contractors are working to
address the programs’ performance issues and prievdrer delays.

Next, an independent schedule risk review led BYNASA Office of the Chief Financial Officer will
evaluate the HEOMD assessment and build on itdloide the integrated, detailed schedule and
associated risk factors ahead of EM-1. NASA lestuierwill review the results of these assessments i
late spring 2019 at an Agency Program Managemeuan€il before revisiting the EM-1 and EM-2
launch planning dates.

The EM-1 schedule is important, but using EM-1iszdver early design problems is more important.
Launching EM-1 early and missing key tests couldyleur overall objective for 2024. A successful
lunar campaign is a series of missions and nondiridual flight. EM-1 will be followed in 2022 by
EM-2, a crewed mission with SLS and Orion to th&aluvicinity to test critical systems and lay the
foundation for a lunar surface landing by 2024. Wilécontinually assess commercial options foetat
missions. Having multiple transportation optioms proven to be very valuable in other contexts and
will be important to maintaining cost-effectiveliable access to the Moon and other locations.

A second component of our exploration architecisitbe Gateway. The Gateway will function as a
mobile base camp from which NASA, its internatiopaitners, and its commercial partners, can mount
robotic and human expeditions to and around therMdsiven the urgency of the human landing in
2024, NASA and its partners will focus initially aeveloping and deploying the Gateway’s two initial
components: the Power and Propulsion Element (BR&ER minimal habitation element. Both of these
modules will be launched on commercial launch Jekic Future Gateway elements will be focused on
sustainability, with new capabilities added incratady as needed.

For missions to the lunar surface, the current @dar astronauts to employ a transfer vehicledwel
from the Gateway to low lunar orbit, a descent gkehtio land on the surface of the Moon, and anrdsce
vehicle to return to the Gateway. The vehicle$ mdldeveloped by the private sector and procuyed b
NASA. NASA is moving rapidly to support developmerithese critical pieces of the exploration
architecture. NASA previously planned to releasel&itation for an ascent module, but in respdose
the acceleration of the HLS to 2024, we updatedotams and will seek proposals from U.S. indugtry i
support of rapid development, integration, and eddemonstration of the Lander elements as a
functional human landing system that can fulfill §A and industry requirements for 2024. Using this
approach will enable rapid development and fligtthdnstrations of human lunar landers.

NASA has proposed establishment of a new Moon tsN¥éssion Directorate, which will manage
systems development and technology investmenisrémrams critical to the Agency’s Exploration
Campaign in an integrated manner, including all lkeyar and cislunar activities as well as all tesdbgy
development and demonstration activities.



Exploration Campaign

Based on the objectives in SPD-1, Nugional Space Exploration Campaign Report, submitted to
Congress in September 2018, laid out five stratggads for NASA’s near-term exploration:

1. Transition U.S. human spaceflight in LEO to comnadraperations that support NASA and the
needs of an emerging commercial economy;

2. Lead the emplacement of capabilities that suppoidi surface operations and facilitate missions
beyond cislunar space;

3. Foster scientific discovery and characterizatiolunfr resources through a series of robotic
missions;

4. Return U.S. astronauts to the surface of the Moo Sustained campaign of exploration and
utilization; and

5. Demonstrate on the Moon the capabilities requiogdhfiman missions to Mars and other
destinations.

The Exploration Campaign leverages a diverse arféyman and robotic assets. It builds on mora tha
18 years of Americans and our international pastfieing and working continuously on the Internaab
Space Station (ISS). It leverages the advances mazbmmercial launch vehicle capabilities, robsti
and other technologies. With the launch of theo@dapsule and SLS rocket, as well as supporting
launches of commercial rockets, NASA will expandniam exploration to cislunar space and the surface
of the Moon. As part of the Campaign, we also bdyin sending increasingly capable robotic mission
to the lunar surface in the next two years. Dgwedbby U.S. commercial companies, these spacecraft
will conduct scientific investigations, characterizsources, and provide lunar landing services to
customers from America and around the world. WeEalgo continue to execute sophisticated robotic
missions to Mars while we work to develop and destxate the deep space capabilities required tdysafe
send a human crew to the Red Planet.

Activities across the LEO, Moon and Mars domairesa@osely related and mutually supportive. For
example, NASA's drive to conduct robotic and hureaploration of the Moon informs the research and
technology development we will conduct on the 188 potential future orbital platforms, as well he t
development of technologies needed for future Massions. Likewise, current and future robotic
missions will provide vital science, reconnaissameel technology demonstrations in support of &itur
human exploration, in addition to their sciencesobiyes. NASA is actively working now to support
sustainable exploration and development over tha@rmpdecades in all three domains.

I SS and LEO Commercialization

NASA is working to expand Government and commeracaess to space, and to lay the foundation to
support future commercial operations in LEO. Thaed#vities support existing and future space
operations, commercialization, and space and féghport capabilities for NASA and non-NASA
missions.

NASA'’s industry partners are routinely launchinglaaturning cargo to and from Earth, and NASA is
building upon that partnership with commercial clewnches to and from the ISS.

NASA will continue its mission in LEO with the 198 enable exploration with humans to the Moon and
on to Mars, continuing to perform research thagfishhumanity, supporting National Lab research by
private industry and other organizations, and wagkowards reducing operations and maintenancs.cost
The Commercial LEO Development effort is providiegources for NASA to assist industry in



developing a commercial LEO presence, with andautitrews. As these new commercial capabilities
are deployed in orbit, NASA will transition its LE&tivities to employ them. Together, NASA'’s ISS
and Commercial LEO Development efforts will lay fbendation for a future in which NASA is one of
many customers of an industry-led human spaceféigtarprise.

Exploration Technology

Exploration Technology funds critical technologyd®mpment to enable the Exploration Campaign,
including high-power solar electric propulsion, @sgon landing, and cryogenic fluid management and
transfer. Research and development of new techred@nd capabilities lay the groundwork for
enhancing and enabling lunar and deep space etiplar&Exploration Technology also funds the Lunar
Surface Innovation Initiative as well as technologgearch and development projects along the entire
Technology Readiness Level spectrum that align WAISA exploration needs and support commercial
expansion in space. The Lunar Surface Innovatidiative serves as a catalyst for lunar surface
technology development priorities such as: surfameer,in situ resource utilization (ISRU),
autonomous operations, and extreme environmenddatly. NASA is implementing this initiative by
embracing competition and partnerships with industniversities, and other Government agencies.
Exploration Technology will enable NASA's workforda concert with industry and academia, to focus
on innovative ways to further humankind’s spacévaigs from conception to testing to spaceflight.

Scientific Exploration

NASA'’s Science Mission Directorate (SMD) will comtie its efforts to explore and enhance scientific
discovery. In the context of the Exploration Caigpathis includes the Lunar Development &
Exploration Program (LDEP) and the Mars Sample Retuission. NASA intends to also work with
international and commercial partners in these avls, delivering meaningful scientific exploration
and technology development work in a cost-effecivag.

NASA is developing a series of instruments, expernts, and other payloads for robotic precursorrluna
missions to the surface of the Moon, utilizing imative acquisition approaches to engage U.S. imglust
capabilities as the Agency moves toward human eafdm of the lunar surface. In November 2018,
NASA selected nine companies as part of the Comaldrunar Payload Services (CLPS) procurement,
making them eligible to provide transportation ges to the lunar surface for science, technolagy,
exploration payloads. In February 2019, NASA deléchirteen NASA-provided payloads that could be
flown on the early CLPS missions. Last week, NA8Aeived proposals from the CLPS providers for
the first commercial delivery service to transggmine of these payloads to the lunar surface. This
ground-breaking service will be awarded later thanth, leading the way for America’s return to the
surface. These missions will enable new sciendedamonstrate new technologies supporting
sustainable human return to the lunar surface.

NASA will advance robotic access to Mars in preparafor human exploration. The Agency will
continue to execute sophisticated robotic missioridars while we work to develop and demonstrage th
deep space capabilities required to safely sendrah crew to the Red Planet (e.g., demonstrate
technology to produce oxygen from Mars resourcatsca for future human Mars missions). This will
include continuing the search for life with the F&020 rover, and a Mars Sample Return mission
launching from Earth as early as 2026.



PHASE 2: Sustainability on the Moon — An Abiding Legacy

A sustainable exploration plan requires that wédousing realistically available resources. We are
designing an open, durable, reusable, and costtizibearchitecture that will support exploratiom fo
decades to come. Phase 2 of our plan — achieustgisability on the Moon — also requires partnigish
from across the commercial sector and around thiewas well as reducing costs in all three human
spaceflight domains. Through reduction in costs,Agency can invest in future deep space capabilit
and use the new capabilities to conduct succesgplbration missions. Sustainability also inclutfes
ability of our infrastructure, capabilities, andaiféies to effectively and efficiently support omissions,
while including sufficient flexibility to meet fute needs as we continue to explore. Finally,
sustainability requires that we remain focusedhennext goal beyond the Moon. Systems and
programmatic techniques we develop for lunar exgtion will be designed to contribute to a human
exploration mission to Mars where feasible.

As noted earlier, one component of establishintgéuesd American presence and infrastructure on and
around the Moon is the Gateway, a spacecraft adsdritbcislunar space that will be used as a stpgin
point for missions to the lunar surface and to dgmgre destinations. The Gateway will not be
continuously occupied like the ISS. NASA currerdiyisions crew visits approximately once per year,
so a strong focus is placed on robotic activitied frastructure to foster ongoing investigatiansl
operations that can operate autonomously betwesn\gsits.

NASA'’s access to the Moon and its resources mustibainable over the long haul. This does not
require a permanent human presence around or dvidgbe, but it does require the ability to cost-
effectively access the Moon, conduct a varietypdrations on or near the Moon, and return safely to
Earth as requirements dictate and opportunitieg arf herefore, we will enhance Gateway’s capadslit
with our international and commercial partners wiité goal of making lunar presence and activities
sustainable. Future investments in the Gatewaydwmntribute to lunar sustainability by enhancing
resupply and the ability to conduct extended uneckaperations and, using its solar-electric PPE,
allowing us to access more regions and sciencertppties on the Moon than ever before. In a Near-
Rectilinear Halo Orbit around the Moon, we will lrasonstant communications with the Earth, benign
thermal effects, and the ability to abort from sheface of the Moon to the Gateway. While miniiaial
first, over time the Gateway will provide opportties to conduct broad scientific research.

Gateway will be followed by other assets that wandble sustainability, such as reusable landers,
reusable tugs, and rovers that will allow peoplévi®on the Moon for extended durations, reduee th
cost per person of reaching and operating on thenMand take advantage of the Moon as an analogue
for Mars. The Moon is the proving ground for tkeefhnologies, capabilities, and programmatic
techniques we will need to safely explore Marsr $D-1, we are going to utilize the resourcesef t
Moon including the water ice that is available s dior life support, water to drink, air to breataed

also rocket fuel. Ultimately, the Moon will seras a stepping-stone, a training ground, and agphatfo
strengthen commercial and international partnesshiyg prepare for future human missions to Mars and
other destinations.

Conclusion

NASA'’s Exploration Campaign will create an architee that is open, sustainable, and agile acros3, LE
the Moon and Mars. This year, the SLS and Oridtical components of our exploration architecture,
will reach important milestones in construction aesting as the program works through development
challenges. We have called on American companiésglp design and develop human lunar servives for



surface activities. We will continue to build comircial and international partnerships into our @ate
and lunar surface concepts to promote sustainapleration. We are advancing our scientific
knowledge and technology development with our gastthrough robotic precursors on the Moon and
Mars. In LEO, our Commercial Crew Program contstetake strides and will soon be delivering
American astronauts, on American rockets, from Acaer soil to the ISS for the first time since 2011.

Through these activities, NASA’s will realize exgtion opportunities in the near-term, achievetstiia
presence on the Moon and preeminence in cisluraesand continue American space leadership for
decades to come. This will empower American gldéadlership, spur innovation, and expand economic
growth.

There’s a lot of excitement about our plans and alkt of hard work and challenges ahead, but we
know the NASA workforce and our partners are uj.tdhe Agency is ready for the challenge of moving
forward to the Moon — this time to stay. We wilbsk to ensure that the United States quickly, safel
and cost-effectively attains our goals for 2024 bhagond.

Thank you for the opportunity to testify before yimalay and we look forward to answering your
guestions.



