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National Aeronautics and Space Administration

FY 2025 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)
NASA Total

Deep Space Exploration Systems
Moon to Mars Transportation System
Moon to Mars Lunar Systems
Development
Human Exploration Requirements &
Architecture

Space Operations
International Space Station
Space Transportation
Space and Flight Support (SFS)
Commercial LEO Development
Exploration Operations

Space Technology

Science
Earth Science
Planetary Science
Astrophysics
Heliophysics
Biological and Physical Sciences

Aeronautics

STEM Engagement

Safety, Security, and Mission Services
Mission Services & Capabilities
Engineering, Safety, & Operations

Construction and Environmental Compliance

and Restoration
Construction of Facilities
Environmental Compliance and
Restoration

Inspector General
NASA Total

Fiscal Year

25,383.7

25,383.7

7,447.6
4,716.6

2,630.5

100.5

4,266.7
1,286.2
1,759.6
983.4
224.3
13.2

1,193.0
7,791.5
2,175.0
3,216.5
1,510.0
805.0

85.0
935.0
143.5
3,136.5

2,067.4
1,069.1

346.2

76.2

47.6
25,383.7

7,468.9

1,200.0

7,795.0

935.0

143.5

3,129.5

47.6
25,383.7

Request
2025
25,383.7

7,618.2
4,213.0

3,288.1
117.1

4,389.7

1,181.8

7,565.7
2,378.7
2,731.5
1,578.1
786.7
90.8

965.8
143.5
3,044.4

2,058.1
986.3

344.7
79.4

50.5
25,383.7

2026
25,891.3

7,803.7

1,205.4

7,717.0
2,396.3
2,850.5
1,587.0
791.9
91.3

985.1
146.4
3,105.3

2,099.2
1,006.1

298.3

81.0

51.5
25,891.3

2027
26,409.1

7,959.8
4,267.3

3,389.5

303.0

1,229.5

7,871.3
2,446.1
2,911.6
1,613.6
807.0
93.0

1,004.8
149.3
3,167.4

2,141.3
1,026.1

304.3

82.6

52.5
26,409.1

2028
26,937.3

8,119.0
3,880.9

3,868.8

369.3

4,679.4

1,254.1

8,028.7
2,489.7
2,976.8
1,647.1
820.3
94.8

1,024.9
152.3
3,230.7

2,184.1
1,046.6

310.4

84.2

53.6
26,937.3

2029
27,476.1

8,281.4

1,279.2

8,189.3
2,543.4
3,042.5
1,673.4
833.4
96.6

1,045.4

155.3

3,295.3
2,227.6
1,067.7

316.6

85.9

54.7
27,476.1
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National Aeronautics and Space Administration

FY 2025 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)
NASA Total

Deep Space Exploration Systems

Moon to Mars Transportation System
Orion Program
Crew Vehicle Development
Orion Program Integration and
Support
Space Launch System
Block 1B Capability Upgrade
SLS Operations
SLS Program Integration and Support
Exploration Ground Systems
Exploration Ground Systems
Development
EGS Program Integration and
Support

Moon to Mars Lunar Systems
Development
Gateway
Gateway Initial Capability
XEVA and Human Surface Mobility
Program
Human Landing System
HLS Initial Capability
Advanced Exploration Systems

Human Exploration Requirements &

Architecture
Strategy & Architecture
Future Systems

Space Operations

International Space Station
International Space Station Program
ISS Systems Operations and
Maintenance
ISS Research

Space Transportation
Crew and Cargo Program
Commercial Crew Program

Space and Flight Support (SFS)

Space Communications and
Navigation
Space Communications Networks

Fiscal Year

48.3
52.2

1,286.2
1,034.4
251.8

1,642.0
117.5

532.0
424.8

N

7,6

4,213.0

71.2
45.9

1,269.6
1,008.5
261.1

1,761.5
100.6

627.7
543.5

2026
25,383.7 2

5,891.3

4,254.0

137.4
126.7

4,497.6

1,267.8
1,267.8

1,008.5
259.3

1,773.4
102.8

585.4
499.7

2027
26,409.1

7,959.8

4,267.3
1,288.5
1,281.0

7.5
2,402.9
543
2,240.5
108.1
576.0

314

644.7
1,994.9
607.2
163.1

64.1
238.8

4,587.6

1,262.8
1,262.8

1,003.5
259.3

1,735.8
105.1

582.6
491.2

2028
26,937.3

8,119.0

3,880.9
1,266.4
1,213.7

52.7
2,072.3
1,899.8

172.5
542.3

673.6
2,278.3
252.1
170.9

65.5
303.8

4,679.4

1,259.4
1,259.4

1,000.0
259.4

1,788.3
107.4

591.5
495.1

2029
27,476.1

66.7
788.8

1,259.4

1,000.0
259.4

1,694.3
109.8

605.5
509.2
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National Aeronautics and Space Administration

FY 2025 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Op Plan CR Request
Budget Authority ($ in millions) 2023 2024 2025 2026 2027 2028 2029

Space Communications Support 107.2 - 84.2 85.7 91.3 96.4 96.4
Communications Services Program 51.7 - 59.4 59.4 59.4 59.4 59.4
Human Space Flight Operations 101.5 - 105.0 105.8 105.8 105.9 108.0
Human Research Program 151.2 - 143.4 155.5 155.5 156.5 159.5
Launch Services 93.9 -- 104.3 96.6 96.9 97.2 99.1
Rocket Propulsion Test 48.2 - 48.6 48.6 48.6 48.6 48.6
21st Century Space Launch Complex 5.0 - - - - - -

Science

Commercial LEO Development
Exploration Operations

Space Technology

Earth Science

Early Stage Innovation and
Partnerships
Agency Technology and Innovation
Early Stage Innovation
Technology Transfer
Technology Maturation
Technology Demonstration
Solar Electric Propulsion (SEP)
On-Orbit Servicing, Assembly, and
Manufacturing Demonstration-1
Space Nuclear Propulsion
Small Spacecraft, Flight
Opportunities & Other Tech Demo
SBIR and STTR

Earth Science Research

Earth Science Research and Analysis

Computing and Management
Earth Systematic Missions

NASA-ISRO SAR

Sentinel-6

PACE

GRACE-Continuity

Other Missions and Data Analysis
Earth System Explorers
Responsive Science Initiatives
Earth System Science Pathfinder

Venture Class Missions

Other Missions and Data Analysis
Earth Science Data Systems
Earth Science Technology
Applied Sciences

Planetary Science

1,193.0

1,200.0

7,795.0

1,181.8

7,56

2,378.7
606.2
364.9
241.2
854.4

29.3
36.5
26.3
102.4
660.0
19.6
167.7
251.7
200.4
513
263.2
147.2
68.6

2,731.5

3823
246.6

7,717.0

2,396.3
608.4
3713
237.1
868.7

21.1
18.1
24.8
41.8
762.9
59.0
173.9
246.0
205.0
41.0
257.6
109.4
73.3

2,850.5

404.1
251.6

7,871.3

2,446.1
627.6
385.4
2422
888.2

12.0
8.7
8.5

572

801.7
99.5
176.4
202.1
181.5
20.6
268.3
110.6
73.5

2,911.6

421.6
256.7

8,028.7

2,489.7
628.8
380.9
248.0
869.9

0.1
5.7

82.6
781.4
130.6
177.9
225.0
201.9

23.1
269.8
111.8

75.8

2,976.8




National Aeronautics and Space Administration

FY 2025 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Op Plan CR Request
Budget Authority ($ in millions) 2023 2024 2025 2026 2027 2028 2029
Planetary Science Research 310.6 - 390.1 386.4 3925 405.3 407.8
Planetary Science Research and
Analysis 205.1 -- 249.3 249.2 252.2 260.9 264.4
Other Missions and Data Analysis 105.5 -- 140.8 137.2 140.2 144.4 143.4
Planetary Defense 135.5 - 276.6 369.3 299.6 81.0 78.1
NEO Surveyor 90.0 301.9 235.6 327.3 257.6 39.0 36.1
Other Missions and Data Analysis 455 -- 41.0 42.0 42.0 42.0 42.0
Lunar Discovery and Exploration 486.3 - 458.3 456.8 467.8 479.1 488.5
VIPER 97.2 69.3 33.0 -- -- -- --
Other Missions and Data Analysis 389.1 -- 4253 456.8 467.8 479.1 488.5
Discovery 217.5 -- 261.5 418.3 588.0 790.8 912.4
DAVINCI 20.2 -- 40.1 116.4 209.0 295.9 321.9
VERITAS 9.5 -- 36.1 104.9 177.7 232.1 267.2
Other Missions and Data Analysis 187.7 -- 185.3 197.0 201.3 262.7 3233
New Frontiers 488.2 -- 500.5 533.0 484.2 471.6 298.3
Dragonfly 400.1 -- 434.6 496.8 4342 317.6 325
Other Missions and Data Analysis 88.1 -- 65.9 36.3 50.0 154.0 265.8
Mars Exploration 248.1 - 324.5 298.6 305.8 353.3 390.7
Other Missions and Data Analysis 248.1 -- 324.5 298.6 305.8 3533 390.7
Mars Sample Return 818.8 - 200.0 100.0 100.0 100.0 100.0
Outer Planets and Ocean Worlds 356.8 - 119.0 97.4 97.1 126.3 204.3
Europa Clipper 345.0 303.3 101.2 80.6 77.7 84.0 127.0
Other Missions and Data Analysis 11.8 -- 17.8 16.8 19.5 423 77.3
Radioisotope Power 154.9 -- 201.1 190.7 176.6 169.4 162.5
Astrophysics 1,587.0 1,613.6 1,647.1
Astrophysics Research 284.8 - 300.5 378.7 390.5 390.3 3771
Astrophysics Research and Analysis 112.2 - 118.8 127.2 134.2 138.2 132.3
Balloon Project 52.6 -- 56.1 61.0 63.0 59.0 58.2
Science Activation 52.0 -- 52.0 52.0 52.0 52.0 52.0
Other Missions and Data Analysis 68.0 -- 73.6 138.5 141.3 141.1 134.6
Cosmic Origins 314.8 -- 319.0 312.8 307.7 300.4 282.1
Hubble Space Telescope (HST) 93.3 - 88.9 87.5 87.8 83.0 64.7
James Webb Space Telescope 162.5 -- 187.0 187.0 187.0 187.0 187.0
Other Missions and Data Analysis 59.0 -- 43.1 38.2 33.0 304 304
Physics of the Cosmos 180.7 -- 210.8 184.3 168.6 176.1 133.7
Other Missions and Data Analysis 180.7 -- 210.8 184.3 168.6 176.1 133.7
Exoplanet Exploration 502.9 - 478.5 459.0 366.1 323.8 339.9
Nancy Grace Roman Space
Telescope 447.3 407.3 384.0 376.5 216.6 100.5 75.1
Other Missions and Data Analysis 55.6 -- 94.5 82.5 149.5 223.4 264.8
Astrophysics Explorer 226.8 - 269.3 252.2 380.6 456.4 540.6
SPHEREx 81.6 65.4 38.7 6.0 1.6 0.5 --
Compton Spectrometer and Imager
(COSI) 36.5 -- 64.4 68.2 46.9 6.5 3.1
Other Missions and Data Analysis 108.7 -- 166.3 178.0 332.1 449.4 537.5

Heliophysics

Heliophysics Research

238.2

252.3

247.7

255.8

257.8

258.5
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National Aeronautics and Space Administration

FY 2025 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Op Plan CR Request
Budget Authority ($ in millions) 2023 2024 2025 2026 2027 2028 2029
Heliophysics Research and Analysis 62.3 -- 65.0 64.7 65.0 63.5 64.8
Sounding Rockets 60.4 -- 75.3 69.2 74.2 69.5 69.2
Research Range 32.8 -- 24.5 273 273 33.1 27.8
Other Missions and Data Analysis 82.8 -- 87.5 86.5 89.4 91.8 96.7
Living with a Star 155.2 - 107.7 100.1 112.1 106.3 101.4
Other Missions and Data Analysis 155.2 -- 107.7 100.1 112.1 106.3 101.4
Solar Terrestrial Probes 198.0 - 133.2 82.9 64.9 56.1 38.1
Interstellar Mapping and Acceleration
Probe (IMAP) 1233 137.4 63.9 39.5 23.9 15.3 --
Other Missions and Data Analysis 74.7 -- 69.3 434 41.1 40.8 38.1
Heliophysics Explorer Program 167.9 - 236.7 309.4 3254 3554 385.4
HelioSwarm 10.9 -- 393 126.8 138.2 109.0 86.0
Multi-Slit Solar Explorer 395 -- 77.9 70.5 41.0 14.8 11.1
Other Missions and Data Analysis 117.5 -- 119.5 112.0 146.2 231.6 288.4
Space Weather 25.8 - 47.5 42.6 40.0 35.9 34.2
Heliophysics Technology 19.9 - 9.3 9.2 8.8 8.8 15.8

Biological and Physical Sciences

Aeronautics

Aeronautics
Airspace Operations and Safety
Program
Advanced Air Vehicles Program
Integrated Aviation Systems Program

Low Boom Flight Demonstrator
Electrified Powertrain Flight
Demonstration
Other Projects
Transformative Aeronautics Concepts
Program
Aerosciences Evaluation and Test
Capabilities

STEM Engagement

Safety, Security, and Mission Services

Mission Services & Capabilities
Information Technology (IT)
Mission Enabling Services
Infrastructure & Technical
Capabilities

Engineering, Safety, & Operations
Agency Technical Authority
Center Engineering, Safety, &
Operations

190.1

879.0

143.5

3,136.5 3,129.5 3,044.4
2,067.4 2,058.1
628.6 - 628.6
754.3 - 732.7
684.5 - 696.8

180.3

806.0

985.1

985.1
164.3
269.6
271.0

44.5

65.0
167.6

157.6
116.5
146.4
3,105.3
2,099.2

641.1

747.4

710.7

1,006.1
183.9

822.2

93.0
1,004.8
1,004.8
174.1
262.4
271.6
5.7

75.5
196.4

171.1
119.5
149.3
3,167.4
2,141.3

654.0

762.3

725.0

1,026.1
187.6

838.5

94.8
1,024.9
1,024.9

177.7

248.8
300.9

50.0
250.9
175.2
122.3
152.3
3,230.7
2,184.1

667.1

771.5

739.5

191.3

855.3

96.6

1,045.4

1,045.4

3,295.3

2,227.6
680.4
793.0

754.2

195.2

872.5
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National Aeronautics and Space Administration

FY 2025 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Request
Budget Authority ($ in millions) 2026
Construction and Environmental Compliance
and Restoration 422.4 414.3 424.1 379.3 386.9

2027 2028 2029

Construction of Facilities
Institutional CoF
Exploration CoF
Space Operations CoF
Science CoF

Environmental Compliance and
Restoration

76.2 - 79.4 81.0 82.6 84.2 85.9

47.6 47.6 50.5 51.5 52.5 53.6 54.7
25,383.7 25,383.7 25,383.7 25,891.3 26,409.1 26,937.3 27,476.1

Inspector General
NASA Total

FY 2023 reflects the funding amount specified in Public Law 117-328, Consolidated Appropriations Act, 2023, as revised in NASA's FY
2023 final Operating Plan, September 2023. Amounts include $8 million that was transferred to NASA's Information Technology
Modernization Working Capital Fund.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared, therefore, the budget assumes this
account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-328, as amended). The amounts included
for 2024 reflect the annualized level provided by the continuing resolution.

The funding levels for Planetary Science missions are subject to change. Given that the Mars Sample Return mission is a major part of
NASA's Planetary Science budget, the Budget enables NASA's internal assessment of mission architecture options to be completed to
address increases in mission cost estimates before providing final details for the 32.7 billion Planetary Science budget.

Totals may not add due to rounding.
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MESSAGE FROM THE ADMINISTRATOR

The President’s Fiscal Year 2025 Budget request for NASA expresses the continued commitment
from the Biden-Harris Administration to maintain and amplify America’s preeminent place of
leadership in humanity’s quest to know the cosmos. The President’s Budget prioritizes investments
with a demonstrated return of value for the American taxpayer — investments in the future of deep
space exploration, sustainable aeronautics, scientific endeavor, technological might, and inspiring the
next generation, the Artemis Generation.

As history has proven, as the present has shown, and as the future will continue to demonstrate, to
invest in NASA is to invest in the power, the principles, and the global leadership abilities of the
United States. To invest in NASA is to benefit America and Americans.

We benefit America through NASA’s Artemis campaign. The Artemis campaign represents the most
diverse and broad coalition in space exploration. We are working with American companies and
international partners to return astronauts to the Moon and then land the first astronauts on Mars.

Under NASA'’s leadership, humanity will make new scientific discoveries, test new technologies, and
explore more of the lunar surface than ever before. The Artemis II crewed flight test, fully funded in
the President’s Budget, will, for the first time in over half a century, fly astronauts around the Moon.
The budget makes investments in the long-term architecture for Artemis, including funding for
human landing systems and extra-vehicular suits; lunar transportation, habitation and fission surface
power that will enable humanity’s sustainable presence on the Moon; and the Gateway lunar outpost,
built with international partners, that will help enable operations on the surface of the Moon.

We benefit America through advancing our space technologies, which supports the growth and
competitiveness of the U.S. space industry and will enable future Artemis missions. By developing
lunar robotic missions, communications on and around the Moon, in-situ resource utilization
demonstrations, Commercial Lunar Payload Services, and other key elements, NASA will deepen our
understanding of the Moon to prepare for humanity’s long-duration stays on the lunar surface, and
later, Mars. Additionally, NASA is partnering with the Defense Advanced Research Projects Agency
and industry to develop and demonstrate advanced nuclear propulsion, a technology that would
enable more rapid crew transportation into deep space.

We benefit America through our leadership in Earth orbit. Last year, NASA celebrated 25 years of
International Space Station (ISS) operations, including 23 years with continuous human presence.
This year, we continue to use commercial services to safely transport cargo and astronauts to the ISS
to conduct critical research, science, and technology demonstrations. These operations inform and
reduce risk for future missions to the Moon and Mars and provide insight and breakthroughs that
directly affect life on Earth, including NASA’s contribution to curing cancer through the President’s
Cancer Moonshot initiative. The President’s Budget supports NASA in maintaining critical
operations in low Earth orbit while paving the way for a future sustained commercially-enabled
American presence in space to continue creating scientific and economic opportunities for all.

We benefit America through our discoveries through the eye of NASA’s James Webb Space
Telescope, discoveries that represent a shift in our capacity to see the universe on an order of
magnitude never before seen. In 2023, NASA’s Webb Telescope continued to unfold the secrets of
our universe and inspire the world through breathtaking images during its first year of operations. The

SUM-2



National Aeronautics and Space Administration

MESSAGE FROM THE ADMINISTRATOR

Webb telescope pulled back the curtain on some of the farthest galaxies, stars, and black holes ever
observed; found methane and carbon dioxide in the atmosphere of a planet outside our solar system;
and more. The President’s Budget request for NASA science will continue supporting operations of
groundbreaking missions like Webb, Hubble, and Perseverance. The request also invests in new
missions and capabilities that will enable the next generation of great science, including the Nancy
Grace Roman Space Telescope, Habitable Worlds Observatory Technology Maturation, and the
Commercially Enabled Rapid Space Science Initiative, Near-Earth Object Surveyor, and Dragonfly.

We benefit America through NASA'’s leadership in climate and Earth science. Much of what we know
about our changing planet is rooted in NASA’s more than 40 years of Earth observations. With over
two dozen instruments aboard the ISS complementing those in free-flyer orbits, NASA uses its unique
vantage point of space to better understand our changing planet. With the President’s Budget, NASA
will continue to bring critical, life-changing climate data back down to Earth. NASA’s new Earth
Information Center at Headquarters in Washington DC, and online, helps fulfill the Biden-Harris
Administration’s call to make climate data more understandable and accessible for all people. Through
current and future Earth science missions like Landsat Next and building out the multi-satellite Earth
System Observatory, NASA will continue to help all humanity understand and address the impacts of
climate change.

We benefit America through NASA’s key role in improving air travel and reaching net-zero aviation
greenhouse gas emissions by 2050, by accelerating research and development of aircraft technologies
that are cleaner, quieter, and greener. NASA is working with American companies to develop next-
generation aircraft and engines that would make commercial airliners 25 to 30 percent more efficient.
That will benefit our planet, the U.S. commercial aviation sector, and passengers around the world.
Through ambitious experimental projects like the X-66 Sustainable Flight Demonstrator and the X-59
Quiet Supersonic Technology Low Boom Flight Demonstrator, NASA will continue to help
revolutionize the future of air travel.

We benefit America when NASA identifies, enables, and utilizes talents from across all of humanity.
The President's Budget supports the Agency’s commitment to reaching and engaging historically
underserved populations and advancing diversity, equity, inclusion, and accessibility within our
workforce as well as with our partners. This includes robust outreach effort to students of every
background to pursue education in science, technology, engineering, and mathematics and then
implement that education through public service at NASA or within America’s space industry. With
the launch of NASA’s streaming platform NASA+, the Agency debuted Spanish content available for
streaming along with steps to make NASA content more easily accessible for the public. NASA also
took its “The Color of Space” documentary on a road tour, providing free in-person screenings at
historically Black colleges and universities, conferences, and festivals Nationwide.

We benefit America when we invest in the future of America: the Artemis Generation. Through
NASA initiatives like Earthrise, educators can provide their students with climate and science
resources from across the Federal Government. President Biden’s budget request will continue to help
NASA inspire the STEM workforce of the future.
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All of these benefits—for America, for humanity, and for the planet—add up to this: To invest in
NASA advances our Nation’s abilities and leadership in making the impossible possible, in making
the unknown known, and in inspiring the world through discovery while creating competitive and
good- paying jobs in all 50 states. The President’s Budget will help bring our Nation, our economy,
and our people deepeg into a new era of American ingenuity, innovation, imagination, and leadership.

L]

Bill Nelson
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AGENCY FACT SHEET
($ in Billions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
NASA Budget 254 254 254 259 264 269 275

FY 2023 reflects the funding amount specified in Public Law 117-328, Consolidated Appropriations Act, 2023, as
revised in NASA's FY 2023 final Operating Plan, September 2023. Amounts include 38 million that was transferred
to NASA's Information Technology Modernization Working Capital Fund.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared; therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.

Totals may not add due to rounding.

The President’s Fiscal Year 2025 Budget Request for NASA is $25.4 billion. With this
proposed budget, NASA will fund the following efforts:

Agency Highlights

Invests $7.8 billion to build on the success of Artemis I and return American astronauts to
the Moon, including the first woman and first person of color, as part of the overall Artemis
campaign; establish a sustainable lunar presence; and lay the groundwork for humanity’s
first crewed mission to Mars. This request supports activities related to Artemis missions II
through XII, including the launches of Artemis II in 2025, Artemis III in 2026, and Artemis
IV in 2028.

Invests $4.4 billion to sustain human presence in low-Earth orbit (LEO) with operations of
the International Space Station (ISS) until 2030 and then a transition to the use of
commercial space stations thereafter. This includes $109 million fora U.S. deorbit vehicle
that will enable the safe and responsible deorbit of the ISS at the end of this decade; and
$170 million for U.S. industry to develop commercial LEO destinations that enable a
continuous presence in LEO.

Advances space technology research and development with $1.2 billion. With this
investment in technology and innovation, the budget request will advance mission
capabilities and technologies needed to grow the commercial space economy and support
NASA’s missions, including integrated Moon to Mars efforts, through strategic partnerships,
and leveraging early- stage innovators.

Includes $7.6 billion to conduct scientific exploration enabled by space-based
observatories, which observe the Earth, perform fundamental research, visit other
bodies in the solar system, and gaze out into the galaxy and beyond.

Continues investments in Earth science and green aviation that will protect our home
planet. Specifically, this request proposes $2.4 billion to fund Earth science and
observations that enhance our understanding of the Earth system and continues efforts to
make data more accessible and useful to a wide range of stakeholders, including
scientists and policymakers. This request also includes over $500 million in Aeronautics
to improve aircraft efficiency and reduce the climate impact of aviation.

Broadens and diversifies student participation in Science, Technology, Engineering, and
Mathematics (STEM) with $143.5 million for the Office of STEM Engagement to inspire

SUM-5



FY 2025 Budget Request Agency Summary
AGENCY FACT SHEET

and develop the next generation of scientists, engineers, and explorers.

Invests $3.5 billion in NASA’s workforce and infrastructure including the vital functions
that underpin the success of our missions, including NASA’s facilities, information
technology, core business, and technical services.

Demonstrates NASA’s commitment to advancing Diversity, Equity, Inclusion, and
Accessibility (DEIA) throughout the workforce with a request of $22.4 million.

Invests $41.2 million for space sustainability to better understand and mitigate the hazard of
orbital debris.

Deep Space Exploration Systems - $7.6 billion

$4.2 billion for Moon to Mars Transportation Systems (formerly Common Exploration Systems
Development) to support lunar missions, with $1.0 billion to build Orion capsules for Artemis,
$2.4 billion for the Space Launch System, and $758.8 million for Exploration Ground Systems,
including Mobile Launcher-2.

$3.2 billion for Moon to Mars Lunar System Development (formerly Artemis Campaign
Development) to advance lunar exploration capabilities, with $1.8 billion for the Human Landing
System program to develop and deploy multiple landing systems, $817.7 million for the
Gateway, $434.2 million for space suits and lunar rovers, and $140.2 million for Advanced
Exploration Systems for future lunar surface habitats.

$117.1 million for Human Exploration Requirements and Architecture to support Moon and Mars
strategy and architecture development, with $45.9 million for Future Systems to identify
technologies as a precursor to Mars and $71.2 million for Strategy and Architecture to support
requirements and manifest planning.

Space Operations - $4.4 billion

$1.3 billion for ISS operations and research to continue leveraging the multi-national space
platform to conduct research, identify risks to human health, test exploration technologies, and
support the growth of a commercial economy in LEO. The ISS budget decreases in the outyears
to support an increase in funding for the Commercial LEO Development program and for
commercial development of the United States Deorbit Vehicle (USDV) that will safely de-orbit
ISS at the end of operations.

$1.9 billion for Space Transportation to continue NASA’s partnership with the U.S. commercial
space industry to operate safe, reliable, and affordable systems to transport crew and cargo to and
from the ISS, including $109 million in funding for the USDV.

$1.1 billion for Space and Flight Support to enable safe, reliable, and productive human space
exploration, including funding to provide mission-critical space communications; provide launch
and test services; and conduct astronaut training and research into the health of humans living
and working in space.

$170 million for Commercial LEO Development to partner with the U.S. commercial space
industry to develop and deploy commercial space stations in LEO.

Space Technology - $1.2 billion

$459 million for Technology Demonstration for ground and space flight testing, including a
collaboration with the Defense Advanced Research Projects Agency (DARPA) to advance
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nuclear propulsion technologies; conducting two Cryogenic Fluid Management technology flight
demonstrations; maturing and developing Fission Surface Power and Solar Electric Propulsion;
and increasing the pace of space exploration with small spacecraft and flight opportunities.
Funding for these technology demonstration missions is in part made possible by the close-out of
OSAM-I.

$341 million for Technology Maturation to advance revolutionary disruptive space technologies
at mid-technology readiness levels in space transportation; entry, descent, and landing; in-situ
resource utilization; power and energy storage; materials and structures; and robotic systems for
sustainable exploration.

$140 million for Early-Stage Innovation and Partnerships that source ideas from a broad, diverse
base of innovators, and transfer space technology into the space economy.

$242 million for Small Business Innovation Research and Small Business Technology Transfer
to develop new technologies, drive investments in small businesses, and spur economic growth.

Science - $7.6 billion

The request for Science invests in over 125 space science missions, including 54 that are
currently preparing for launch and approximately 70 in operation. This request also funds U.S.
scientists in universities, industry, and government labs through more than 4,000 openly
competed research awards.

$2.7 billion for Planetary Science to support innovative approaches to exploring new destinations
in the solar system. This request continues development of numerous other missions, including
the NEO Surveyor mission to detect potentially hazardous asteroids, the Dragonfly mission to
explore a moon of Saturn, Europa Clipper which explores the icy moon of Jupiter, the VERITAS
and DAVINCI missions to Venus, and contributions to the joint European EnVision mission to
Venus, and Rosalind Franklin mission to Mars. The request also supports the Commercial Lunar
Payload Services (CLPS) project to deliver scientific, exploration, and technology payloads to the
Moon. The request includes $200M for Mars Sample Return that will allow the project to
advance formulation of mission components and capabilities that have a high likelihood of being
used in any future sample return architecture, and to evaluate and appropriately incorporate
relevant findings from funded industry and center architecture studies.

$2.4 billion for Earth Science to enhance understanding of the Earth system through continued
investment in a broad portfolio of missions including Surface Biology and Geology,
GRACE-Continuity, Landsat Next, and others; initiate the first Earth System Explorers mission;
support the ongoing development of multiple innovative Venture Class missions; implement the
Responsive Science Initiatives program, which consolidates and enhances current activities
within Earth Science to increase the impact of NASA-funded observations and Earth system
science; and continue robust support for research and applications related to wildland fire
management and agriculture.

$1.6 billion for Astrophysics to revolutionize our understanding of the origins and evolution of
galaxies by supporting operation of the James Webb Space Telescope and the Hubble Space
Telescope, as well as the development of the Nancy Grace Roman Space Telescope, a mission
designed to unravel the secrets of dark energy and dark matter and to search for and image
exoplanets; develop the Spectro-Photometer for the History of the Universe, Epoch of
Reionization, and Ices Explorer (SPHEREX); support initial selections for the first Astrophysics
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Probe mission; and initiate important investments in precursor science, mission, and technology
maturation efforts for a potential future Habitable Worlds Observatory, a Decadal Survey
recommendation.

$787 million for Heliophysics to study the Sun and its influence throughout the solar system,
including the Interstellar Mapping and Acceleration Probe (IMAP) and the Carruthers Geocorona
Observatory; support the competitive Explorer Program including recently selected missions
Multi-slit Solar Explorer (MUSE) and HelioSwarm; expand the Space Weather Program focused
on applied research and applications to enable the nation to better protect our technology and
astronauts from space weather; continue the Diversify, Realize, Integrate, Venture, Educate
(DRIVE) research initiative; and support orbital debris investments to enable characterization of
the population of small debris in space.

$91 million for Biological and Physical Sciences to better understand how biological and
physical systems work from the unique vantage point of space and to develop transformative
research capabilities with the commercial space industry to dramatically increase the pace of
space-based research.

Aeronautics Research - $966 million

$279 million for Advanced Air Vehicles to develop technologies and concepts that enable new
generations of civil aircraft that are safer, faster, more energy-efficient, and have a smaller
environmental footprint; demonstrate integrated small core aircraft engine technologies; develop
techniques for high-rate manufacturing of composite structures; and advance long-term
opportunities for supersonic and hypersonic flight.

$264 million for Integrated Aviation Systems to explore, assess, and demonstrate the benefits of
the most promising technologies at an integrated system level, including in flight; develop
Electrified Powertrain Flight Demonstrations and a Sustainable Flight Demonstrator that will
pave the way to reducing aviation emissions; and conduct test flights of the X-59 Low Boom
Flight Demonstrator exploring quiet supersonic flight.

$151 million for Airspace Operations and Safety to modernize and transform the national air
traffic management system, in partnership with the Federal Aviation Administration and the
aviation community; develop and explore advanced technologies for more efficient flight
trajectories; lead research to integrate new advanced air mobility vehicles safely into the national
airspace; provide tools to support in-time system-wide safety assurance; and develop a concept of
operations to improve aerial responses to wildfires.

$155 million for Transformative Aeronautics Concepts to support revolutionary aviation concepts
development with opportunities focused on reducing aviation emissions, new computational
tools, and experimental capability advancement.

$116 million for Aerosciences Evaluation and Test Capabilities, supporting NASA’s 12 large
wind tunnels across three centers.

STEM Engagement - $144 million

NASA’s STEM engagement efforts will focus on broadening student participation, continuing
K-12 student engagement in STEM pathways, and building partnerships and networks to magnify
reach and impact. Investments include: $57 million for Space Grant, $24.8 million for
Established Program to Stimulate Competitive Research (EPSCoR), $46.3 million for Minority
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University Research and Education Project (MUREP), and $15.4 million for Next Gen STEM.

Safety, Security and Mission Services (SSMS) - $3.0 billion

$2.1 billion for Mission Services and Capabilities to advance NASA’s Information Technology,
Mission Enabling Services, and Infrastructure and Technical Capabilities. These programs will
provide agency-wide business, technical, and infrastructure services that enable NASA's
ambitious mission portfolio to help maintain U.S. leadership in space, aviation, science, and
technology. This request includes critical funding for high priority areas such as managing
cybersecurity risk and leveraging the innovation of Artificial Intelligence while ensuring our
systems are safe and secure.

$1.0 billion for Engineering, Safety, and Operations for nine NASA Centers, Headquarters, and
component facilities. Center Engineering, Safety, and Operations ensures NASA's unique,
technical, and innovative capabilities are mission ready. Through the Agency Technical
Authority program, this funding provides independent oversight over NASA’s missions and
programs to ensure the health, safety, and security of NASA people and property as well as the
public.

Construction and Environmental Compliance and Restoration (CECR) - $424 million

$424.1 million to ensure agency infrastructure, laboratories, and critical facilities are safe,
secure, environmentally sound, appropriately sized, efficiently operated, and
mission-ready.
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EXPLANATION OF BUDGET TABLES AND SCHEDULES

FY 2023 reflects funding amounts specified in Public Law 117-328, Consolidated Appropriations
Act, 2023. Amounts include $8 million that was transferred to NASA’s Information Technology
Modernization Working Capital Fund, as reflected in NASA’s FY 2023 Operating Plan,
September 2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was
prepared; therefore, the budget assumes this account is operating under the Consolidated
Appropriations Act, 2023 (Division B of P.L. 117-328, as amended). The amounts included for
2024 reflect the annualized level provided by the continuing resolution.

Totals may not add due to rounding.
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EXPLANATION OF PROJECT SCHEDULE COMMITMENTS AND KEY MILESTONES

Programs and projects follow their appropriate life cycle. The life cycle is divided into phases.
Transition from one phase to another requires management approval at Key Decision Points
(KDPs). The phases in program and project life cycles include one or more life cycle reviews,
which are considered major milestone events.

e Phase A: concept and technology development; and

e Phase B: preliminary design and technology completion.

Formulation
e Phase C: final design and fabrication;
e Phase D: system assembly, integration, test, launch andcheckout;
e Phase E: operations and sustainment; and
Implementation e Phase F: closeout.

A life cycle review is designed to provide the program or project with an opportunity to ensure
that it has completed the work of that phase and an independent assessment of a program or
project’s technical and programmatic status and health. The final life cycle review in a given
life cycle phase provides essential information for the KDP that marks the end of that life cycle
phase and transition to the next phase if successfully passed. As such, KDPs serve as gates
through which programs and projects must pass to continue.

The KDP decision to authorize a program or project’s transition to the next life cycle phase is
based on a number of factors, including technical maturity; continued relevance to agency
strategic goals; adequacy of cost and schedule estimates; associated probabilities of meeting
those estimates (i.e., confidence levels); continued affordability with respect to the agency’s
resources; maturity and the readiness to proceed to the next phase; and remaining program or
project risks (e.g., safety, cost, schedule, technical, management, and programmatic). At the
KDP, the key program or project cost, schedule, and content parameters that govern the
remaining life cycle activities are established.

For reference, a description of schedule commitments and milestones is listed below for

projects in formulation or implementation. A list of common terms used in mission
planning is also included.
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Formulation

NASA places significant emphasis on project formulation to ensure adequate preparation of
project concepts and plans and mitigation of high-risk aspects of the project essential to position
the project for the highest probability of mission success. During formulation, the project
explores the full range of implementation options, defines an affordable project concept to meet
requirements, and develops needed technologies. The activities in these phases include
developing the system architecture; completing mission and preliminary system designs;
acquisition planning; conducting safety, technical, cost, and schedule risk trades; developing
time-phased cost and schedule estimates and documenting the basis of these estimates; and
preparing the project plan for implementation.

Formulation Explanation
Milestone
The life cycle gate at which the decision authority determines the readiness of a program or
project to transition into Phase A and authorizes formulation of the project. Phase A is the first
phase of formulation and means that:
e  The project addresses a critical NASA need;
KDP-A e The proposed mission concept(s) is feasible;
e The associated planning is sufficiently mature to begin activities defined for
formulation; and
e The mission can likely be achieved as conceived.
System The life cycle review in which the decision authority evaluates whether the functional and
Requirements performance requirements defined for the system are responsive to the program’s requirements
Review (SRR) on the project and represent achievable capabilities.

The life cycle review in which the decision authority evaluates the credibility and

System Definition
Review or Mission
Definition Review

responsiveness of the proposed mission/system architecture to the program requirements and
constraints on the project, including available resources, and determines whether the maturity
of the project’s mission/system definition and associated plans are sufficient to begin the next
phase, Phase B.

KDP-B

The life cycle gate at which the decision authority determines the readiness of a program or
project to transition from Phase A to Phase B. Phase B is the second phase of formulation and
means that:
e  The proposed mission/system architecture is credible and responsive to
program requirements and constraints, including resources;

e  The maturity of the project’s mission/system definition and associated plans
is sufficient to begin Phase B; and

e The mission can likely be achieved within available resources with acceptable risk.

Preliminary Design
Review (PDR)

The life cycle review in which the decision authority evaluates the completeness/consistency of|
the planning, technical, cost, and schedule baselines developed during formulation. This
review also assesses compliance of the preliminary design with applicable requirements and
determines if the project is sufficiently mature to begin Phase C.
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Implementation

Implementation occurs when agency management establishes baseline cost and schedule
commitments for projects at KDP-C. The projects maintain the baseline commitment through
the end of the mission. Projects are baselined for cost, schedule, and programmatic and
technical parameters. Under Implementation, projects are able to execute approved plans
development and operations.

Implementation  |Explanation

Milestone
The life cycle gate at which the decision authority determines the readiness of a program or
project to begin the first stage of development and transition to Phase C and authorizes the
Implementation of the project. Phase C is the first stage of development and means that:
e The project’s planning, technical, cost, and schedule baselines developed during
KDP-C formulation are complete and consistent;

e  The preliminary design complies with mission requirements;
e  The project is sufficiently mature to begin Phase C; and

e  The cost and schedule are adequate to enable mission success with acceptablerisk.

The life cycle review in which the decision authority evaluates the integrity of the project
design and its ability to meet mission requirements with appropriate margins and acceptable
risk within defined project constraints, including available resources. This review also
determines if the design is appropriately mature to continue with the final design and
fabrication phase.

Critical Design
Review (CDR)

The life cycle review in which the decision authority evaluates the readiness of the project and
System Integration associated supporting infrastructure to begin system assembly, integration, and test. The life
Review (SIR) cycle review also evaluates whether the remaining project development can be completed
within available resources, and determine if the project is sufficiently mature to begin Phase D.

The life cycle gate at which the decision authority determines the readiness of a project to
continue in Implementation and transition from Phase C to Phase D. Phase D is the second
phase in Implementation; the project continues in development and means that:

e The project is still on plan;

KDP-D
e  The risk is commensurate with the project’s payload classification; and

e The project is ready for assembly, integration, and test with acceptable risk
within its agency baseline commitment.

Launch Readiness |The date at which the project and its ground, hardware, and software systems are ready for
Date (LRD) launch.
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Other Common Terms for Mission Planning

Term Definition

The individual authorized by the agency to make important decisions on programs and
Decision Authority  |projects under their authority.
Formulation The document that authorizes the formulation of a program whose goals will fulfill part of
Authorization the agency’s strategic plan and mission directorate strategies. This document establishes the
Document expectations and constraints for activity in the Formulation Phase.

Key Decision Point
(KDP)

The life cycle gate at which the decision authority determines the readiness of a program or
project to progress to the next phase of the life cycle. The KDP also establishes the content,
cost, and schedule commitments for the ensuing phase(s).

Launch Manifest

A list that NASA publishes (the “NASA Flight Planning Board launch manifest”)
periodically, which includes the expected launch dates for NASA missions. The launch dates
in the manifest are the desired launch dates approved by the NASA Flight Planning Board
and are not typically the same as the Agency Baseline Commitment schedule dates. A launch
manifest is a dynamic schedule that is affected by real world operational activities conducted
by NASA and multiple other entities. It reflects the results of a complex process that requires
the coordination and cooperation by multiple users for the use of launch range and launch
contractor assets. Moreover, the launch dates are a mixture of “confirmed” range dates for
missions launching within approximately six months, and contractual/planning dates for the
missions beyond six months from launch. The NASA Flight Planning Board launch manifest
date is typically earlier than the Agency Baseline Commitment schedule date to allow for the
operationally driven delays to the launch schedule that may be outside of the project’s
control.

Review

Operational Readiness

The life cycle review in which the decision authority evaluates the readiness of the project,
including its ground systems, personnel, procedures, and user documentation, to operate the
flight system and associated ground system(s), in compliance with defined project
requirements and constraints during the operations phase.

Mission Readiness
Review or Flight
Readiness Review
(FRR)

The life cycle review in which the decision authority evaluates the readiness of the project,
ground systems, personnel, and procedures for a safe and successful launch and
flight/mission.

The life cycle gate at which the decision authority determines the readiness of a project to
continue in Implementation and transition from Phase D to Phase E. Phase E is the third

KDP-E phase in Implementation and means that the project and all supporting systems are ready for
safe, successful launch and early operations with acceptable risk.
The life cycle review in which the decision authority evaluates the readiness of the project to
Decommissioning conduct closeout activities. The review includes final delivery of all remaining project
Review deliverables and safe decommissioning of space flight systems and other project assets.
The life cycle gate at which the decision authority determines the readiness of the project’s
decommissioning. Passage through this gate means the project has met its program objectives|
KDP-F

and is ready for safe decommissioning of its assets and closeout of activities.

Scientific data analysis may continue after this period.
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For further details, go to:

e NASA Procedural Requirement 7102.5E NASA Space Flight Program and Project
Management Requirements:

https://nodis3.gsfc.nasa.gov/npg img/N PR 7120 005F /N PR 7120 005F .pdf

e NASA Procedural Requirement NPR 7123.1C - NASA Systems Engineering
Processes and Requirements:
https://nodis3.gsfc.nasa.gov/npg_img/N_PR_7123 001C /N _PR 7123 001C_.pdf

e NASA Launch Services Web site:
https://www.nasa.gov/kennedy/launch-services-program/
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NASA Centers

ARC Ames Research Center

AFRC Armstrong Flight Research Center

GRC Glenn Research Center

GSFC Goddard Space Flight Center

HQ Headquarters

JPL Jet Propulsion Laboratory

JSC Johnson Space Center

KSC Kennedy Space Center

LaRC Langley Research Center

MSFC Marshall Space Flight Center

SSC Stennis Space Center

Mission Directorates

ARMD Aeronautics Research Mission Directorate
ESDMD Exploration Systems Development Mission Directorate
MSD Mission Support Directorate

SMD Science Mission Directorate

SOMD Space Operations Mission Directorate
STMD Space Technology Mission Directorate
Federal Agencies

DoD Department of Defense

DoE Department of Energy

NOAA National Oceanic and Atmospheric Administration
NSF National Science Foundation

Partner Space Agencies

ASI Italian Space Agency

CSA Canadian Space Agency

DLR German Aerospace Center

ESA European Space Agency

ISRO Indian Space Research Organization
JAXA Japanese Aerospace Exploration Agency
Others

CDR Critical Design Review

ISS International Space Station

KDP Key Decision Point

LCC Life Cycle Cost

LEO low-Earth orbit

PDR Preliminary Design Review
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DEEP SPACE EXPLORATION SYSTEMS

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Moon to Mars Transportation System 4,716.6 -1 4,213.0 42540 4,267.3 3,880.9 3,713.6
Moon to Mars Lunar Systems Development 2,630.5 - 3,288.1 3,285.7 3,389.5 3,868.8 3,712.3
Human Exploration Requirements & Architecture 100.5 -- 117.1 264.1 303.0 369.3 855.5
Total Budget 7,447.6 17,4689 7,618.2 7,803.7 7,959.8 8,119.0 8,281.4

FY 2023 reflects the funding amount specified in Public Law 117-328, Consolidated Appropriations Act, 2023, as
revised in NASA's FY 2023 final Operating Plan, September 2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared, therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.

Deep Space Exploration Systems ..........ccccccorveennerreeenn... DEXP-2

Moon to Mars Transportation System..........cccccviiiiiiiieecceeeee, DEXP-5
ORION PROGRAM ...ttt nnnnnnnnnnnes DEXP-7
Crew Vehicle Development [Development].........ccooiiiiiiiiieiii e DEXP-9
SPACE LAUNCH SYSTEM ..ot DEXP-18
Block 1B Capability Upgrade [Development] .........ccuvvevieeiiiiiiiiieieee e DEXP-20

SLS Operations [OperationS]..........eeiiieeoiiiiieiiee e e e e e e e e e e DEXP-27
EXPLORATION GROUND SYSTEMS ... .o DEXP-32
Exploration Ground Systems Development [Development] ........cccccoiiiiiiieiiiiiiiinnne. DEXP-34

Moon to Mars Lunar Systems Development............cccccevriiiiiiiiiiiiiicininnnn, DEXP-43
GA T EW A ettt a—a—aaraa—a———a DEXP-46
Gateway Initial Capability [Development]..........coooeeiiiiiiiiieee e DEXP-51

XEVA AND HUMAN SURFACE MOBILITY PROGRAM..........cuuuiiiiiiiiiiiiiieiiinnnnns DEXP-55
HUMAN LANDING SYSTEM ... DEXP-61
HLS Initial Capability [Development]...........ccoiviiiiiiiiiiiee e e DEXP-65
ADVANCED EXPLORATION SYSTEMS. ... DEXP-69
Human Exploration Requirements & Architecture..........c.cccorrrenrrrrrnnn. DEXP-77
STRATEGY & ARCHITECTURE ....cooiiiiiiiiiiiiieieeeeeeeeeee e DEXP-78
FUTURE SYSTEMS ... e e e e e e e e DEXP-81

DEXP-1



DEEP SPACE EXPLORATION SYSTEMS

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Moon to Mars Transportation System 4,716.6 - 4,213.0 42540 42673 3,8809 3,713.6
Moon to Mars Lunar Systems Development 2,630.5 -- 3,288.1 3,2857 3,389.5 3,868.8 3,712.3
Human Exploration Requirements & Architecture 100.5 -- 117.1 264.1 303.0 369.3 855.5
Total Budget 7,447.6 17,4689 7,618.2 7,803.7 7,959.8 8,119.0 8,281.4

FY 2023 reflects the funding amount specified in Public Law 117-328, Consolidated Appropriations Act, 2023, as

revised in NASA's FY 2023 final Operating Plan, September

2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared, therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.

Shown here, NASA’s Space Launch System, carrying the

Orion spacecraft, lifts off the pad at Launch Complex 39B at
the agency’s KSC in Florida at 1:47 a.m. EST on November 16,
2022.

The FY 2025 budget request includes
$7.618 billion for the Deep Space
Exploration Systems account. This funding
directly supports the Moon to Mars (M2M)
program, which is focused on returning
humans to the Moon, conducting pioneering
research and technology development
activities on the lunar surface, and enabling
eventual missions to Mars and beyond. In
collaboration with its commercial and
international partners, NASA will create the
capabilities necessary to sustainably explore
high priority destinations on the lunar
surface, including in-situ science and
resource utilization, surface transportation,
and habitation capabilities. The operational
knowledge, technological advances, and
scientific discoveries NASA gains from

exploring the Moon in collaboration with international

and commercial partners will position the agency

to take the next giant leap — sending astronauts to Mars and returning them safely back to Earth.

ESDMD will leverage the SMD's development of smaller landers for capabilities such as navigation and
precision landing of cargo and data about the lunar surface. ESDMD will also leverage technological
investments to prove and verify concepts through the STMD's lunar exploration activities. Finally,
ESDMD will leverage the SOMD's capabilities, such as ISS and the Space Communications and
Navigation Program, as a technology and human system testbed and communication capability provider,

respectively.

The FY 2025 President’s Budget Request manifest supports an Artemis Il mission in September 2025,
Artemis III mission in September 2026, Artemis [V mission in September 2028, and Artemis V mission

in 2030 with subsequent flights on a yearly basis.
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DEEP SPACE EXPLORATION SYSTEMS

The Deep Space Exploration Systems account consists of three themes which provide for the
development of systems and capabilities needed for human exploration of deep space:

e M2M Transportation System;
e  M2M Lunar Systems Development; and
e Human Exploration Requirements & Architecture (HERA).

M2M Transportation System programs work together to develop three of the key space transportation
systems that will enable the agency’s Artemis Campaign to land the first woman and first person of color
on the Moon and extend human presence into the solar system. The systems being developed are the
Orion crew vehicle, Space Launch System (SLS) launch vehicle, and Exploration Ground Systems (EGS).
The first uncrewed launch of SLS and Orion occurred in November 2022 and the first launch returning
humans to the lunar vicinity in fifty years will occur September 2025.

e The Orion Program is developing the spacecraft which will carry crew to deep space, sustaining the
crew during space travel, providing emergency abort capability, and providing safe re-entry from
deep space return velocities for Artemis missions.

e The SLS Program is developing the human-rated launch system capable of sending the crewed Orion
spacecraft to the Moon, which will be used in each of the Artemis missions.

e The EGS Program is responsible for developing and operating the systems and facilities necessary to
process, integrate, transport, and launch NASA’s SLS rocket, Orion spacecraft, and any
co-manifested SLS payloads for Artemis missions.

M2M Lunar Systems Development is developing the systems that will be used to land humans on the
Moon, explore the lunar surface, and prepare for Mars exploration. The theme is developing and testing
prototype systems and planning flight missions to the Moon to develop systems and operational practices
that will enable an eventual mission to Mars. M2M Lunar Systems Development is comprised of four
programs: Gateway; Exploration Extravehicular Activity (xEVA) and Human Surface Mobility Program
(EHP); Human Landing System (HLS); and Advanced Exploration Systems (AES). The work done by
these programs work will create the exploration infrastructure in lunar orbit and on the lunar surface that
astronauts will utilize during Artemis missions and that will inform future missions to Mars.

e (Gateway is a platform that will orbit the Moon and support orbital activities, lunar landers, and
surface activities. Gateway will initially consist of a Power and Propulsion Element (PPE) and the
Habitation and Logistics Outpost (HALO); with later configurations including at least two modules
contributed by NASA’s international partners; and may be supported by U.S. commercial logistics
services.

e EHP is formulating the systems that NASA will use to explore the surface of the Moon. These surface
systems include: the Lunar Terrain Vehicle; the Pressurized Rover; and xEVA surface
suits; providing lessons learned and expertise that will support future Mars missions.

e HLS utilizes commercial partnerships to develop and jointly deploy the integrated landing system that
will transport crew to and from the lunar surface and conduct a series of lunar missions using that
capability. The budget provides funding for the HLS program to maintain competition for lunar
landing services by supporting the development of multiple different lunar landing systems.

e AES will continue work to identify and address knowledge gaps and deliver fundamental capabilities
to provide astronauts a place to live and work with integrated life support systems, radiation
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DEEP SPACE EXPLORATION SYSTEMS

protection, food, fire safety, avionics and software, logistics management, and waste management
systems.

HERA is identifying the exploration infrastructure required for Artemis missions that will inform future
missions to Mars. It also works to ensure that lunar exploration systems are extensible to Mars
exploration where technically feasible and cost-effective. HERA is comprised of the

Strategy & Architecture Office (SAO) and Future Systems.

e SAO manages the architecture strategy activity that supports mission manifest planning and overall
architecture requirements and capability identification.

e Future Systems is conducting trade studies to reduce risk and identify required technologies to be
utilized as part of the Artemis Campaign and act as precursor systems for future missions to Mars.

EXPLANATION OF MAJOR CHANGES IN FY 2025

To fully implement the Moon to Mars Program Office concept and effectively manage content across the
M2M portfolio, the following changes are being proposed:

e Rename Common Exploration Systems Development as M2M Transportation System;

e Rename Artemis Campaign Development as M2M Lunar Systems Development;

e Retire the Advanced Cislunar and Surface Capabilities (ACSC) program, with all follow-on M2M
Integration, Moon and Mars Architecture, and Future Systems content previously in program being
re-aligned to appropriate programs;

e Establish Future Systems as a stand-alone program under HERA theme;

e Rename Moon and Mars Architecture as Strategy & Architecture Office (SAO);

e Rename Exploration Capabilities as Advanced Exploration Systems (AES) and move to M2M Lunar
Systems Development theme;

e Retire the Mars Campaign Development theme; and

e  M2M Program Office and integration funding have been re-aligned across the M2M themes.

For more information, go to: https://www.nasa.gov/directorates/exploration-systems-development

DEXP-4


https://www.nasa.gov/directorates/exploration-systems-development

Deep Space Exploration Systems

MOON TO MARS TRANSPORTATION SYSTEM

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Orion Program 1,315.1 - 1,031.0 11,1769 1,288.5 11,2664 1,166.4
Crew Vehicle Development 1,301.5 1,221.0 1,023.5 1,141.9 1,281.0 1,213.7 1,113.8
Orion Program Integration and Support 13.5 -- 7.5 35.0 7.5 52.7 52.7
Space Launch System 2,566.8 - 2,4232 2379.0 24029 2,0723 2,026.8
Block 1B Capability Upgrade 648.3 462.5 285.8 275.1 543 0.0 0.0
SLS Operations 1,844.4 - 2,0284 1,972.0 2,240.5 1,899.8 1,853.8
SLS Program Integration and Support 74.0 -- 109.0 131.9 108.1 172.5 173.0
Exploration Ground Systems 834.8 -- 758.8 698.1 576.0 5423 520.4
Exploration Ground Systems Development 330.6 356.2 235.8 148.3 31.4 0.0 0.0
EGS Program Integration and Support 504.2 -- 523.0 549.8 544.6 5423 520.4
Construction & Envrmtl Compl Restoration 94.3 -- 325 0.0 0.0 0.0 0.0
Exploration CoF 94.3 -- 325 0.0 0.0 0.0 0.0
Total Budget 4,810.9 -~ 42455 4,254.0 4,267.3 3,8809 3,713.6

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

On Flight Day S of the Artemis I mission, Orion takes a
selfie, shown above, while approaching the Moon ahead of
the outbound powered flyby — a burn of Orion's main
engine that gets the vehicle into lunar orbit. During this
maneuver, Orion came within 81 miles of the lunar
surface.

The programs of NASA's Moon to Mars
Transportation System, formerly Common
Exploration Systems Development, are working
together to build a space transportation system
made up of the Orion crew vehicle, the Space
Launch System (SLS) rocket, and the Exploration
Ground Systems (EGS). The Transportation
System program objectives support agency
Strategic Goal 2 which will enable the agency's
Artemis missions, seeking to extend and sustain
human presence into the solar system by
transporting crews to the Gateway or to the
Moon's surface in the Human Landing System for
long-term exploration and in preparation for
future missions to Mars for sustainable long-term
exploration, development, and utilization.

NASA's Orion spacecraft is designed to support
human exploration missions to deep space, with a
crew of four astronauts to cislunar space and
beyond, as well as provide habitation and life

support on-board for missions up to 21 days. Building upon more than 50 years of space flight research
and development, Orion's versatile design will not only carry crew to space and sustain the crew during
space travel, but also provide emergency abort capability, and provide safe reentry at deep space return
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MOON TO MARS TRANSPORTATION SYSTEM

velocities for Artemis missions. The Orion systems are designed to operate in a contingency mode to
augment life support systems in other space transport systems.

The SLS rocket is a heavy-lift launch vehicle that will launch astronauts in the Orion spacecraft on
missions to cislunar space so they can return to the surface of the Moon and visit other destinations. The
first three launches, including the Artemis I mission which successfully launched in November 2022, will
feature the Block 1 configuration, standing at 322 feet tall and features a lift capability of 27 metric tons
to translunar injection for Moon missions with 8.8 million pounds of maximum thrust. The evolution of
the architecture, currently planned for first use on Artemis [V, will include an Exploration Upper Stage
(EUS), associated Universal Stage Adapter, and Payload Adapter, which provides space for SLS to
launch co-manifested payloads in addition to Orion. This Block 1B configuration will be capable of
delivering at least 37.3 metric tons of net payloads to Trans-Lunar Injection on crewed missions. The
37.3 metric ton total includes Orion, which weighs 27 metric tons.

The objective of EGS is to process and launch Orion and SLS in support of the Artemis missions. To
meet this objective, NASA is developing new ground systems, including Mobile Launcher 2 (ML-2),
while refurbishing and upgrading infrastructure and facilities to meet tomorrow's demands.

The Artemis Campaign is the next step in human exploration of our solar system. It is a part of NASA’s
Moon to Mars exploration approach, in which NASA will pursue its next giant leap, sustained human
exploration of the Moon to develop the skills, systems, and operational capabilities required to enable
human missions to Mars. As NASA works towards a sustainable Moon to Mars campaign, it is essential
that the agency and its contractors reduce production and operations costs for Transportation systems.
NASA is examining options to achieve this goal. Through a reduction in Transportation System program
costs, the agency can focus on the many other capabilities needed for future deep space systems and
successful exploration missions.
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ORION PROGRAM

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY2027 FY2028 FY 2029
Crew Vehicle Development 1,301.5  1,221.0 1,023.5 11,1419 1,281.0 1,213.7 11,1138
Orion Program Integration and Support 13.5 -- 7.5 35.0 7.5 52.7 52.7
Total Budget 1,315.1 - 1,031.0 11,1769 1,288.5 1,266.4 1,166.4

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Orion spacecraft will serve as an exploration vehicle that
will carry crew to deep space, sustain the crew during space
travel, provide emergency abort capability, and provide safe
re-entry from deep space return velocities for Artemis
missions. This spacecraft will enable extended duration
missions beyond LEQO, to the Moon, and eventually to Mars.

Orion's design, development, test (including flight tests), and
evaluation will have the spacecraft ready to carry crew for the
first time on Artemis II in September 2025. Development of

. the Orion spacecraft will be completed after the Artemis 111
The Orion crew module pressure vessel for C . . R
the Artemis III mission—the first vehicle mission, which incorporates the Rendezvous, Proximity
under the Lockheed Martin OPOC Operations and Docking (RPOD) capability.

bl

|1.r€' 4 w,

contract—is undergoing assembly at

Orion is leveraging other capabilities, such as the Space
NASA’s KSC.

Communications and Navigation program's Deep Space
Network to enable communication capabilities between the spacecraft and mission control. Orion will
leverage the Space Launch System's (SLS's) launch vehicle and Exploration Ground System (EGS)
capabilities to safely launch and reach its desired orbit. The capabilities provided by the Orion Program
enable the crews of the Artemis generation to safely travel to deep space, which promotes new
technologies and systems needed for future Mars missions.

For more information, go to: http://www.nasa.gov/orion

Program Elements

ORION PROGRAM INTEGRATION AND SUPPORT

Orion Program Integration and Support activities manage the program interfaces between SLS and EGS.
This effort is critical to ensuring the Orion systems' performance meets technical and safety
specifications, and supports programmatic assessments key to achieving integrated technical, cost, and
schedule management. In addition, the Orion integration effort is vital to managing interfaces with other
ESDMD activities, including strategic studies, feasibility studies, and small-scale research tasks that feed
into future human exploration. Coordination and timely integration across ESDMD are aimed at
mitigating the impacts of potential design overlaps, schedule disconnects and delays, and cost overruns.
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Deep Space Exploration Systems: Moon to Mars Transportation System

ORION PROGRAM

CREW VEHICLE DEVELOPMENT

Orion will be capable of transporting humans to orbit around the Moon, sustaining them for longer
durations beyond LEO than ever before, providing emergency abort capability, and returning them safely
to Earth. See the Crew Vehicle Development section starting on the next page for additional details.
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CREW VEHICLE DEVELOPMENT

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
[Formulation 4,509.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4,509.6
Development/Implementation 8,378.6  602.1 336.6 280.1 25.0 0.0 0.0 0.0 0.0 9,622.4
Operations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2024 MPAR LCC Estimate 12,888.2  602.1 336.6 280.1 25.0 0.0 0.0 0.0 0.0 14,132.0
Total Budget 10,539.0 1,301.5 1,221.0 1,023.5 1,141.9 1,281.0 1,213.7 1,113.8 | 4,402.0 23,237.4

The 2024 MPAR LCC Estimate reflects the Fiscal Year 2024 Quarter 1 Financial Report, which is current as of
January 2024. The requested budget authority is the project's current budget requirements.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

Orion is a deep space exploration vehicle that will be capable
of transporting humans to orbit around the Moon, sustaining
them for longer durations beyond LEO than ever before,
providing emergency abort capability, and providing safe re-
entry from deep space to Earth.

After the successful uncrewed launch of Artemis I on
November 16, 2022, NASA is focusing on the completion of
Artemis II, the first crewed Space Launch System (SLS) flight,
and the preparation required for Artemis III and Artemis IV.
The Artemis [ mission was the first integrated flight test of the

The second European Service Module was

connected to the Crew Module to form the : ;
Orion spacecraft which will bring Orion spacecraft, the SLS launch vehicle, and ground systems.

astronauts around the Moon and back
during the Artemis II mission. The
integration was done at KSC in Florida.

For more information, go to http://www.nasa.gov/orion

EXPLANATION OF MAJOR CHANGES IN FY 2025

The proposed funding levels allow the program to support Artemis II and III launches as soon as is
technically feasible. Due to the Artemis I launch delay, and to manage risk to the crew and ensure mission
success, NASA re-assessed the Artemis II target launch date. The current target launch date for Artemis II
in September 2025.
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Deep Space Exploration Systems: Moon to Mars Transportation System: Orion Program

CREW VEHICLE DEVELOPMENT

PROJECT PARAMETERS

Orion is the vehicle that will fly astronauts from Earth to orbit around the Moon and back again. Orion
will be able to carry a crew of four astronauts to cislunar space and beyond, as well as provide habitation
and life support for up to 21 days. The spacecraft’s four elements are the Crew Module (CM), the Crew
Module Adapter (CMA), the European Service Module (ESM), and the Launch Abort System (LAS).
Lockheed Martin is building the CM, also referred to as the capsule, providing a safe habitat from launch
through landing and recovery. Lockheed Martin is also building the CMA, which connects the capsule to
the ESM and houses electronic equipment for communications, power, and control. ESA is designing and
developing the ESM, which provides in-space propulsion for orbital transfer, power and thermal control,
attitude control, and high-altitude ascent aborts. While the ESM is mated with the CM, it will also provide
water and air to support the crew. During launch, the ESM is attached to the spacecraft adapter which
joins it to the SLS launch vehicle. Once SLS has delivered the Orion spacecraft to the desired orbit, the
integrated Orion spacecraft separates from the SLS launch vehicle. The mounting of the CM, CMA,
ESM, and spacecraft adaptor together is referred to as the Crew and Service Module (CSM). The LAS is
positioned atop the Orion CM and can activate within milliseconds to propel the spacecraft to safety away
from the launch vehicle in the event of an emergency during launch or ascent to orbit. The abort system
also provides a protective shell that shields the CM from dangerous atmospheric loads and heating during
ascent. Once Orion is out of the Earth's atmosphere and safely on its way to orbit, the spacecraft will
jettison the LAS.

Orion's first mission was Artemis I, an uncrewed flight test that demonstrated many key Orion spacecraft
capabilities. The capsule successfully splashed down on December 11, 2022. The next mission,

Artemis 11, is a crewed test flight, with a current mission profile that transports four crewmembers on a
free return trajectory around the Moon. For Artemis III, the first Artemis mission to the Lunar surface, the
Orion spacecraft will rendezvous and dock with the Human Landing System (HLS) spacecraft. The crew
and necessary equipment will transfer from the Orion spacecraft into HLS, which will then undock,
descend, and land on the Lunar surface. At the conclusion of the Lunar surface operations, HLS will lift
off from the Lunar surface and re-dock to the Orion spacecraft where the crew will transfer back into
Orion for their safe return to Earth.

The crew systems will provide a safe environment for astronauts to live and work for 21 days during
missions far from Earth. Orion’s advanced heat shield will protect the crew during a high-speed reentry
into Earth's atmosphere. Temperatures will exceed that experienced by any human spacecraft in more
than five decades. For Artemis IV and subsequent lunar missions, Orion will dock with the Gateway in a
Near-Rectilinear Halo Orbit around the Moon, giving astronauts access to more areas of the Lunar surface
and better communication capabilities than the Apollo Program.

ACHIEVEMENTS IN FY 2023

Artemis [ was successfully launched on November 16, 2022. The Orion capsule splashed down in the
Pacific Ocean off the coast of Baja, California on December 11, 2022, wrapping up its 25.5-day mission
to lunar orbit and back. The mission took the Orion spacecraft beyond the Moon and demonstrated its
performance capabilities during launch, transit to lunar orbit, return to Earth, re-entry, landing, and
recovery.
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CREW VEHICLE DEVELOPMENT

The Orion Program then began post-flight analyses to assess spacecraft performance against flight test
objectives. The program recovered certain non-core avionics components from the returned spacecraft for
reuse on the Artemis II mission. Those returned components were then refurbished and delivered to KSC
for installation into the Artemis II CM. The re-use of components is planned for future missions to reduce
assembly costs of subsequent Orion builds and is a key feature of the Orion Production and Operations
Contract (OPOC).

The Flight Software/Integrated Test Lab (ITL) led by Lockheed Martin in Denver was reconfigured to
support Artemis II and Artemis III testing in October 2022. ITL has an identical set of avionics,
harnessing, sensors, and flight software to Orion, which supports robust flight simulations.

The heatshield fit check was completed in December 2022 for Artemis III. Artemis III CMA Primary and
Secondary Structure installation were completed in Q1 FY 2023. The Artemis III CMA Initial Weld
Operations were also completed in the same quarter.

The Artemis II CM functional tests continued throughout 2022 and were completed in December 2022. In
June 2023, after the CM outfitting at KSC, Orion completed the installation of the heat shield for the
Artemis II spacecraft inside the high bay of the KSC Operations and Checkout Building. The heatshield is
vital to ensuring the safe return of the crew, as it protects them from the extreme heat of reentry.

CM and Service Module (SM) acoustic testing, which ensures that the Orion spacecraft for Artemis 11
mission can withstand the vibrations experienced throughout the mission, during launch, flight, and
landing, was completed in 2023. The CM and SM production was completed in August 2023.

In June 2023, the Orion Program conducted an Artemis II Mission Integration Review (MIR) to review
the mission specific objectives and requirements within the integrated flight and ground systems, detailed
design capabilities, and hardware configuration.

Orion completed the first part of the Artemis IIIl CMA Environmental Control and Life Support Systems
(ECLSS) and Propulsion proof pressure and leak tests in June 2023. CMA wire harness and subsystem
installations were completed in June 2023. The CM Reaction Control System (RCS) Thruster Pod was
installed in June 2023.

In Q3 FY 2023, the Artemis II SM completed final hardware and Multi-Layer Insulation (MLI)
installations. The MLI is installed in the Orion capsule to control the interior temperature environment
while remaining lightweight.

The formal software developed for ascent/abort was released in September 2023 to support ITL testing
and verifications. The Orion spacecraft uses a significant amount of software for commanding functions,
monitoring and transmitting data, performing fault detection and response, and other tasks. Testing of the
flight software is critical to safety and mission success. Formal release of software Build 205 to support
ascent/abort scenarios was completed in September 2023.

Initial RPOD sensor system testing (static and open loop trajectory) was completed in FY 2023. The
RPOD system enables critical rendezvous, proximity operations, docking, and undocking operations.

Orion has conducted integrated testing of ECLSS and the Orion Crew Survival System Suit in the Orion
Life Support Integration Facility (OLIF) at NASA's JSC to further validate the performance of these
systems in preparation for the crewed Artemis Il mission. OLIF testing is in progress through FY 2023
and expected to complete in FY 2024.
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WORK IN PROGRESS IN FY 2024

After the successful Artemis I mission, investigation teams were established to investigate the Power
Conditioning Distribution Unit (PCDU) Latching Current Limiters (LCL) anomaly of downstream power
switch off, heatshield performance due to unexpected loss of char layer, and CM/SM separation bolt. The
PCDU LCLs are electronic circuit breakers controlling power from the PCDU to components in ESM and
rest of the vehicle. The root cause determination work is in progress through FY 2024.

The Orion spacecraft for the Artemis II mission is continuing towards final assembly and testing. The
Orion CM and SM completed all functional testing. CM and SM were then mated in October 2023 to
form CSM. CSM has completed Initial Power On and is undergoing a suite of integrated functional tests.

The CSM Altitude Chamber test, which will put the spacecraft through conditions as close as possible to
the environment it will experience in the vacuum of deep space, will be completed in Q2 FY 2024.
Human-In-The Loop (HITL) testing of Artemis II displays and controls was in progress in FY 2023 and
will continue into Q1 FY 2024. HITL ensures Orion's displays and controls are operable for all mission
tasks and living space is adequately designed for astronauts. The HITL testing involves humans
simulating and evaluating the tasks and interactions performing in CM.

Delivery of the Artemis II LAS tower assembly is complete. The Ogive panels and LAS hatch are
targeting a readiness date of March 2024. The Ogive panels are protective panels that will shield CM
from the severe vibrations and sounds it will experience during launch.

Artemis II Orion hardware qualification and verification will be in progress in FY 2024.

The Artemis II Orion software development work will also complete in FY 2024. The software build 205
formal ITL verification completion is planned for December 2023 with any needed updates to follow.

Environmental Test Article (ETA) (formerly the Artemis I Orion Crew Module) completed servicing and
hardware removal and replacement in preparation for environmental testing in FY 2024. Functional
testing is underway with planned ETA transport to Armstrong Test Facility (ATF) in December 2024 to
begin abort environmental testing.

Artemis [II's CM assembly, integration, and testing will continue throughout FY 2024. Installations of the
secondary structure, and part one of ECLSS and propulsion components proof and leak testing will be
completed in Q2 FY 2024. Additional subsystem and component installation will continue throughout
FY 2024.

The Artemis III SM CMA wire-harness installations are in work. Testing and final closeouts are expected
to complete in Q3 FY 2024.

Delivery of ESM-3 to KSC is planned for Q2 FY 2024. The Artemis III ESM and CMA will be mated to
form SM and will undergo final integration and testing in the subsequent months. The Artemis III NASA
Docking System (NDS) will be delivered to KSC in Q2 FY 2024. Following the delivery, NDS
installation and acoustic testing is planned for the Q3 FY 2024. NDS provides the capability for the Orion
spacecraft to dock to a Gateway or HLS element for Artemis III and later missions.

A key high-fidelity, Six-Degree-of-Freedom Test System of the RPOD system, complete with docking
cameras and sensors, will be conducted at a Lockheed Martin facility in Denver, Colorado. These tests
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Development

will demonstrate the safety-critical operation of the RPOD hardware and software in the dynamic
proximity operations environment.

The Artemis IV CM welding will be completed in Q2 FY 2024. Following delivery of the Artemis IV
pressure vessel and primary structure parts to KSC, the Orion Program will continue through FY 2025.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

The first crewed flight test launch, Artemis 11, is scheduled for September 2025, and will send

four astronauts around the Moon. The 10-day flight will test primarily test life support and other Orion
systems that were not tested during the Artemis I mission. Post-mission operations, disassembly, and
refurbishment will be in progress through FY 2025.

The Artemis III CM and SM will complete separate assembly and checkout and will be ready to mate to
form CSM-3. The CSM and LAS Assembly, Integration and Procession (Al&P) will be completed. The
DD250 handover to EGS is scheduled for late in FY 2025.

Artemis [V will be the second lunar landing of the Artemis program. The Artemis IV CM and SM Al&P
will be in progress throughout FY 2025.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date FY 2025 PB Request
System Definition Review (SDR) Aug 2007 Aug 2007
PDR N/A Aug 2009
KDP-A Feb 2012 Feb 2012
Resynchronization Review N/A Jul 2012
KDP-B Q1 FY 2013 Jan 2013
Delta PDR Q4 FY 2013 Aug 2014
Ezsil(;rgltion Flight Test-1 (EFT-1) Dec 2014 Dec 2014
KDP-C, Project Confirmation FY 2015 Sep 2015
CDR Oct 2015 Oct 2015
Ascent Abort-2 (AA-2) Flight Test | FY 2020 Jul 2019
Artemis I Launch Readiness FY 2018 Nov 2022
Artemis II Launch Readiness Apr 2023 NET Sep 2025
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Development Cost and Schedule

2015 | 6,768.4 70 2024 9,622.4 +42.2 Artemis IT | Apr 2023 NET Dec 19

2024

The above revised baseline cost and Launch Readiness Date were approved by the Agency Program Management
Council per section 103 of the NASA Authorization Act of 2005 (P.L. 109-155)

Development Cost Details

TOTAL: 6,768.4 9,622.4 +2,854
Mission Operations 281.6 467.3 +185.7
Program Management 671.5 1,102.9 +431.4
Safety and Mission 191.4 226.4 435
Assurance

Spacecraft and Payload 3,205.1 6,311.4 +3,106.3
Systemg Engineering and 5393 7983 +259
Integration

Test and Verification 460.6 641.2 +180.6
Other Direct Project 1.418.9 74.9 1,344
Costs

Program unallocated future expenses (UFE) was held in “Other” category in the base year estimate and realigned
to other elements as the program matured.
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Project Management & Commitments

CM provides a safe habitat for the | Provider: JSC
crew, as well as storage for Lead Center: JSC
CM consumables and research )
instruments, and it serves as the Performing Center(s): ARC, GRC, JSC, and LaRC
docking port for crew transfers. Cost Share Partner(s): N/A
SM, the powerhouse that fuels and Provider: ESA
propels the Orion spacecraft, will | Lead Center: GRC
SM .
support CM from launch through Performing Center(s): ARC, GRC, JSC, and LaRC
separation before reentry. Cost Share Partner(s): ESA
Provider: JSC
LAS maneuvers CM to safety in Lead Center: LaRC
LAS the event of an emergency during )
launch or climb to orbit. Performing Center(s): JSC, LaRC, and MSFC
Cost Share Partner(s): N/A

Project Risks

If: The Artemis II CM Assembly Integration
and Processing timeline is delayed,

Then: The Artemis II CSM handover date to
EGS will be impacted.

Teams are assessing opportunities to streamline the time from
non-core avionics installation through CM completion by
accelerating work while the non-core avionics are refurbished,
resulting in overall schedule savings.
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Risk Statement Mitigation

Over the past two and a half years, production efforts have been
impacted by the pandemic’s direct effect on workforce as well
as the workforce changes and attrition. This has been
particularly noticeable in certain high skilled jobs, such as
technicians. These same issues impact the Orion’s international
partners and supply chain flow of parts and materials into the
program.

If: Artemis III+ Orion suppliers and/or
Assembly Integration and Processing work

experience delays, S ) ) )
To minimize impacts, Orion’s integrated teams have adjusted

the flow of activities and production/integration shifts to

The.zn: Einal integration and Orion spgcecraft minimize delays in production and the integration critical path
deliveries to EGS for launch processing flow.

could be delayed. The program will continue to reassess activity timing,

opportunities to improve integration efficiency, and increased
workforce in critical areas to maintain production and
integration progress, but workforce and supply chain challenges
remain.

Acquisition Strateqy

NASA is using a contract with Lockheed Martin Corporation for Orion’s design, development, test, and
evaluation. The contract was awarded in 2006 and reaffirmed in 2011 as part of reformulating the Orion
Crew Exploration Vehicle as the Orion Program. Orion adjusted this contract to meet NASA and the
Human Exploration and Operations Mission Directorate, now ESDMD, requirements to include the
current flight test plan and the Artemis II flight readiness date. Additional Orion spacecraft have been
ordered under OPOC, awarded in September 2019, which is an indefinite-delivery-indefinite-quantity
contract that includes a commitment to order a minimum of six and the option for a maximum of

12 Orion spacecraft over the next 10 years. The first six spacecraft (Artemis III through Artemis VIII)
will be acquired by cost-plus-incentive-fee orders. NASA will negotiate firm-fixed-price orders for future
missions to take advantage of the anticipated spacecraft production cost decreases.

In addition, to further international cooperation, NASA has made agreements with ESA for the delivery
of ESMs. In 2012, NASA signed an implementing arrangement with ESA to provide SMs for the Orion
spacecraft for Artemis I and later added Annexes 1 and 2 for ESA to provide the ESM for Artemis II.
Annex 3 was later added, and ESA is on contract with Airbus to build ESM-3. In October 2020, NASA
and ESA signed the Gateway Memorandum of Understanding, committing ESA to ESM-4 and 5. NASA
and ESA signed an Implementing Arrangement covering the details of the provision of ESM-4 and
ESM-5 in May 2022. Incorporating the partnership with ESA also required a contract modification with
Lockheed Martin to integrate the ESA-provided SM with the Lockheed Martin portion of the spacecratft.

For the SM main engines, Orion has enough Orbital Maneuvering System Engines (OMS-Es) remaining
from the Space Shuttle Program to fly on the ESM through Artemis VI. OMS-E will be replaced by the
Orion Main Engine (OME) starting with Artemis VII. The OME contract is a single-award, indefinite-
delivery-indefinite-quantity contract with firm-fixed-price orders awarded to Aerojet Rocketdyne to
produce these engines.
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The FY 2025 President's Budget does not mandate adjustments to contracts and agreements, and NASA
expects contractors and partners to perform to their contract/agreement dates.

MAJOR CONTRACTS/AWARDS

Orion Design Development, Test and
Evaluation (DDT&E); Orion Production and Lockheed Martin Littleton, CO
Operations Contract (OPOC)

Orion Main Engine Acrojet Rocketdyne Redmond, WA

INDEPENDENT REVIEWS

Operational Independent To evaluate the readiness of the

. . Assessment . .
Readiness Review/ project to operate the flight system

. . (TA) / NET Mar . )
Flight Readiness and associated ground system; and N/A

. Independent | 2024
Review (ORR/FRR) . support systems for safe and
. Review Team . .

for Artemis II (IRT) successful launch and flight/mission.
Launch Readiness
gateer/;ggil NET Ma To assess all capabilities of the

peratic IA/IRT Y vehicle to support the readiness to N/A
Capability 2024 launch
(LRD/1OC) for )
Artemis 11
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Block 1B Capability Upgrade 648.3 462.5 285.8 275.1 543 0.0 0.0
SLS Operations 1,844.4 - 2,0284 19720 22405 1,899.8 1,853.8
SLS Program Integration and Support 74.0 -- 109.0 131.9 108.1 172.5 173.0
Total Budget 2,566.8 - 24232  2,379.0 2,4029 2,072.3  2,026.8

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

NASA demonstrated the launch capabilities of the Space
Launch System (SLS) heavy-lift vehicle with the successful
launch of Artemis I in November 2022. SLS precisely
delivered the Orion spacecraft on its desired trajectory to the
Moon.

SLS is the human-rated launch system capable of sending
the crewed Orion spacecraft to the Moon. This launch
system will be used in each of the Artemis missions,
beginning with Artemis I, however its capabilities will
evolve into more powerful configurations (i.e., Block 1B by
propulsion stage (ICPS) for Artemis Ill being - A tomis TV, Block 2 by Artemis IX) to address major
delivered to I,Jmted Launch Alliance (ULA) subsystem obsolescence issues and to meet the launch
Delta Operations Center at Cape Canaveral capability needs of future missions. The agency will
in August 2023. . . . . .. .
continue to identify and implement affordability strategies to
help SLS become a sustainable exploration capability used by subsequent Artemis missions. The
proposed funding levels are sufficient to allow the program to support Artemis II and III launches as soon
as is technically feasible. The current target Launch Readiness Date (LRD) for Artemis II is September
2025 and Artemis III is September 2026.

Shown here is the interim cryogenic

SLS relies on other capabilities, such as those provided by the SOMD's Space Communications and
Navigation Program as its telemetry communications capability provider. SLS relies on the Exploration
Ground System's capabilities to assemble and safely launch the vehicle. SLS's capabilities will enable the
safe delivery of humans and larger volumes of cargo than ever before to deep space on future Artemis
missions.

For more information, go to: http://www.nasa.gov/exploration/systems/sls/index.html

Program Elements

SLS PROGRAM INTEGRATION AND SUPPORT

SLS Program Integration and Support activities manage the program interfaces between Orion and the
Exploration Ground Systems. This effort is critical to ensuring the SLS systems' performance meets
technical and safety specifications, and supports programmatic assessments key to achieving integrated
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technical, cost, and schedule management. In addition, the SLS integration effort is vital to managing
interfaces with other ESDMD and SOMD activities, including strategic studies, feasibility studies, and
small-scale research tasks that feed into future human exploration. Coordination and timely integration
across ESDMD and SOMD are critical and aimed at mitigating the impacts of potential design overlaps,
schedule disconnects and delays, and cost overruns.

LAUNCH VEHICLE DEVELOPMENT

The Launch Vehicle Development project developed the SLS launch vehicle to enable deep space
exploration and support production and sustainment for future flights. See the Launch Vehicle
Development section beginning on the next page for additional details.
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FY 2025 Budget

Op Plan CR Request
[Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
Formulation 1,278.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,278.0
Development/Implementation 1,035.0  648.0 604.0 525.0 470.0 305.0 87.0 0.0 0.0 3,674.0
Operations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2024 MPAR LCC Estimate 2,313.0 648.0 604.0 525.0 470.0 305.0 87.0 0.0 0.0 4,952.0
Total Budget 2,313.0 6483 462.5 285.8 275.1 54.3 0.0 0.0 0.0 4,039.0

The 2024 MPAR LCC Estimate reflects the Fiscal Year 2024 Quarter 1 Financial Report, which is current as of
January 2024. The requested budget authority is the project's current budget requirements.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

The upgraded Space Launch System (SLS) Block 1B variant
will carry cargos and astronauts on missions to land on the
Moon. It will use a new and more powerful Exploration
Upper Stage (EUS) to enable more ambitious missions
beginning with Artemis I'V.

For more information, go to:
http://www.nasa.gov/exploration/systems/sls/index.html

EXPLANATION OF MAJOR CHANGES IN
FY 2025

Shown here, NASA Stennis teams lift and NASA established the Agency Baseline Commitment

install large diffusers onto the Thad Cochran | (ABC) for SLS Block 1B and its associated capabilities in
Test Stand. December 2023.

PROJECT PARAMETERS

The Block 1B upgrade is for a crewed, co-manifested payload variant configuration that would be
available for the Artemis IV mission through the Artemis VIII mission, enabling the delivery of the Orion
space capsule and a broad range of large payloads to deep-space including elements of the Gateway and
Lunar Lander programs.
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The planned evolution of the SLS architecture to the SLS Block 1B configuration will increase the size
and payload to support lunar orbital capabilities. The SLS Block 1B configuration will stand 365 feet and
be capable of delivering at least 37 metric tons for crew and cargo to trans-lunar injection (TLI). As a
result, the SLS Block 1B configuration can send Orion and up to 10.3 metric tons of additional payloads
to TLI starting with the Artemis IV mission. To be able to do this, the Launch Vehicle Development team
will exchange the Interim Cryogenic Propulsion Stage (ICPS) for an EUS, as well as the Launch Vehicle
Stage Adapter (LVSA) for a Universal Stage Adapter (USA) and Payload Adapter (PLA) to support Co-
Manifested Payloads.

When the flight manifest depletes the heritage Solid Rocket Booster (SRB) components currently
available with the launch of the Artemis VIII mission, the SRB design for additional Block 2 performance
upgrades will be accomplished primarily by producing new composite boosters in lieu of the heritage
metallic casing used in the Shuttle Program, increasing motor pressure, and extending booster nozzle
length through the Booster Obsolescence and Life Extension (BOLE) development work. The propellant
will change from polybutadiene acrylonitrile (PBAN) to hydroxyl-terminated polybutadiene (HTPB).
This is a major change to the design that also contributes to improved performance.

ACHIEVEMENTS IN FY 2023

The Block 1B CDR Board was successfully completed in November 2022. In addition, the RL-10 Sea
Level Engines for Green Run testing were completed in September 2023 and are ready to deliver when
needed.

WORK IN PROGRESS IN FY 2024

On October 12, 2023, the Agency Program Management Council (APMC) met and approved the Block
1B - SLS's EUS and its Associated Capabilities (EUS+CAPs) upgrades. An ABC and Management
Agreement (MA) were established, and the Decision Memo was signed in December. This approval
acknowledges that the program's planning, technical, cost, and schedule baselines developed during
formulation are complete and consistent.

In December, crews at SSC completed a milestone with the installing of four large diffusers on the Thad
Cochran Test Stand, a key component in preparation for future Green Run testing of EUS vehicle. The
diffusers are critical as they direct engine exhaust away from the EUS during hot fire testing, minimizing
heat exposure to sensitive vehicle systems.

A key focus in FY 2024 is the completion of the EUS Structure Test Article and PLA qualification unit
builds. In addition, the production of the EUS flight unit, PLA flight unit, and the USA
qualification/flight units will continue.

In other production and test activities, nine out of 10 Artemis [V Booster segments will complete
fabrication and be placed in storage, Core Stage elements will be well into production, and test activities
on the RS-25 engines will be completed in 2024.
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KEY ACHIEVEMENTS PLANNED FOR FY 2025

Block 1B hardware development, production, and test for Artemis IV will continue. The first EUS flight
unit (EUS-1) will complete assembly at Michoud Assembly Facility (MAF) and begin final integrated
functional testing. It will then be transported to SSC for Green Run test which is planned for FY 2026.

The testing of the PLA qualification unit, USA qualification unit, and EUS STA will also be completed.
The flight PLA will be ready to deliver to EGS. Flight hardware production of SLS elements for Artemis
IV will continue.

SCcHEDULE COMMITMENTS/KEY MILESTONES

KDP-C Oct 2020 Oct 2020
CDR Nov 2022 Nov 2022
Design Certification Review (DCR) | Nov 2027 Mar 2028*
Launch Artemis IV Under Review Under review

*Note: includes two months of supplemental schedule margin in cross-program interdependencies

Development Cost and Schedule

Capability

2024 | 3,675.0 70 2024 3,675.0 0 Readiness |y 2008 | Jan2028 | 0
Date for

Block 1B

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic
estimation techniques and processes. Estimate reflects the practices and policies at the time it was developed.
Estimates that include combined cost and schedule risks are denoted as JCL (joint confidence level); all other CLs
(confidence levels) reflect cost confidence without necessarily factoring the potential impacts of schedule changes
on cost.
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Development Cost Details

TOTAL: 3,675.0 3,675.0 0
EUS 1,913.0 1,913.0 0
Spacecraft Payload

Integration and Evolution 293.0 293.0 0
(SPIE)/ USA

System Englneermg & 505.0 505.0 0
Integration

Other direct project cost 109.0 109.0 0
Program-managed

Unallocated Future 837.0 837.0 0
Expenses (UFE)

Totals may not add due to rounding

Project Management & Commitments

Responsible for development, | Provider: MSFC
Block 1B testing, and production of the | [ .. 4 Center: MSFC
Development initial EUS, as well as . ) ) NA
Offics P development for the Performing Center(s): MSFC/MAF;
Autonomous Flight Safety 85C
System (AFSS). Cost Share Partner(s): N/A
Responsible for development, o
testing, production, and Provider: MSFC
support of hardware elements, | Lead Center: MSFC
Stages including core and upper Performing Center(s): MSFC/MAF; NA
stages, liquid engine SSC
mtegra‘qon, and avionics Cost Share Partner(s): N/A
integration.
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Project Risks

Risk Statement

Mitigation

If: SLS suppliers and/or Assembly

delays,

Then: Final integration and SLS Launch
Vehicle deliveries to Exploration Ground
Systems for launch processing could be
delayed.

Integration and Processing work experience

Production efforts continued to be impacted by the workforce
changes and attrition experienced in the years since the pandemic
started. This has been particularly noticeable in certain high
skilled jobs, such as technicians. These same issues impact the
SLS's supply chain flow of parts and materials into the program.

To minimize impacts, SLS's teams have adjusted the flow of
activities and production/integration shifts to minimize delays in
production and the integration critical path flow.

The program will continue to reassess activity timing,
opportunities to improve integration efficiency, and increased
workforce in critical areas to maintain production and integration
progress, but workforce and supply chain challenges remain.

If: Projected inflationary rise in prices for
labor and materials is fully realized,

Then: The purchasing power of the SLS
Program could experience funding
inefficiencies, cost, and schedule growth.

Purchasing power for the SLS Program has been affected by
recent inflation experienced in all industries. Material and labor
costs have the potential to see a steep rise over the upcoming
years if the current trend continues.

The program will continue to assess the cost and schedule and
look for opportunities to save money to maintain the current
activities as planned.

Acquisition Strateqy

NASA is using contracts with Aerojet Rocketdyne, Boeing Aerospace, Northrup Grumman Innovation
Systems, Teledyne Brown Engineering Inc., and United Launch Alliance for the production and design,
development, test, and evaluation of the elements that make up the SLS launch vehicle. These elements
include the Core and Upper stages, Solid Rocket Boosters, ICPS, the Core Stage Engines (RS-25s), the
Upper Stage Engines (RL10s), Universal Stage Adaptor, and the Launch Vehicle Stage Adaptor as
applicable to the various SLS Block configurations. SLS utilizes these contracts to meet the Artemis
Campaign requirements for the Launch Vehicle. SLS is continuing to review options for future
production contracts that will allow the program to procure launch vehicles on a service basis.

The FY 2025 President's Budget does not mandate adjustments to contracts and agreements, and NASA
expects contractors and partners to perform to their contract/agreement dates.

MAJOR CONTRACTS/AWARDS

Procurement for SLS launch vehicle development meets the agency’s requirement to provide an
evolvable launch vehicle within a schedule that supports various Artemis mission requirements.
Procurements include use of existing assets to expedite development and further development of
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technologies and future competitions for advanced systems and key technology areas specific to SLS

launch vehicle needs.

The Stages Production and Evolution Contract (SPEC) was definitized in December 2022. Under this
contract, Boeing will produce SLS Core Stages for Artemis III and IV, procure critical and long-lead
material for the core stages for Artemis V and VI, and provide the EUS for Artemis V and VI, as well as
tooling and related support and engineering services. The contract comes as Boeing optimizes
manufacturing capabilities using KSC in Florida to perform some specific core stage assembly and
outfitting activities beginning with the Artemis III rocket (a Memorandum of Agreement was signed in
October 2022 allowing for this subset of core stage processing to occur at KSC). In tandem, teams will

continue all remaining core stage manufacturing activities at MAF in New Orleans.

Element

Vendor

Location (of work performance)

Universal Stage Adapter

Dynetics, Inc.

Huntsville, AL

Stages (Core and Upper) Boeing Aerospace New Orleans, LA
Upper Stage Engines Aerojet Rocketdyne West Palm Beach, FL
INDEPENDENT REVIEWS
Review Date of
Type Performer Review Purpose Outcome
To evaluate the integrity of the project | The SRB evaluated the
design and its ability to meet mission project and determined
requirements with appropriate margins | the project is
Block 1 B SRB Nov 2022 and acceptable risk within defined sufficiently mature to
(B1B) CDR project constraints, including available | progress to major
resources. To determine if the design is | manufacturing,
appropriately mature to continue with assembly, and
the final design and fabrication phase. integration.
To determine overall technical and
programmatic status and health of the
BIBJCL EUS+CAPs at CDR, evaluate the JCL | ¢ IRT evaluated the
Review model to assess potential risk project model and .
IRT May 2023 L . concluded the readiness
(Post CDR pertaining to the program, and provide
. . . assessment to proceed
Closeout) a recommendation regarding readiness- to Phase C
to-proceed to the next phase of the ’
program/project life cycle.
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BLOCK 1B CAPABILITY UPGRADE

The APMC Chair

approved the SLS Block
To commence with KDP-C and Phase 1B capability upgrade to
C activities for the Block 1B Vehicle enter Phase C of the life

BIBKPD-C | APMC Dec 2023 Capability Upgrade and establish cycle baselined for cost
schedule and cost for Phases A-D. and schedule. Decision
memo was signed in
December 2023.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 1,844 .4 - 2,0284 1,972.0 2,240.5 1,899.8 1,853.8

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Space Launch System (SLS) launch vehicle serves as the
primary crew launch capability for the Artemis Campaign. After the
successful uncrewed launch of Artemis I on November 16, 2022,
NASA is focusing on the completion of Artemis II, the first crewed
SLS flight that will carry three astronauts from NASA and one from
CSA, and the preparation required for Artemis III. The Artemis I
mission was the first integrated flight test of the agency’s deep space
exploration systems: the Orion spacecraft, the SLS launch vehicle,
and the ground systems.

For more information, go to:
http://www.nasa.gov/exploration/systems/sls/index.html

EXPLANATION OF MAJOR CHANGES IN FY 2025

Shown here, all four RS-25 engines . .
completed and installed into the The proposed funding levels sufficiently allow the program to

Artemis I SLS Rocket Core Stage. | Support Artemis Il and III launches as soon as is technically feasible.
It also allows SLS to continue hardware development and
production for Artemis III and beyond. The current target Launch Readiness Date (LRD) for Artemis II is
September 2025 and Artemis III is September 2026.

ACHIEVEMENTS IN FY 2023

Following the successful Artemis I launch on November 16, 2022, the SLS Program conducted a
comprehensive post-flight data reconstruction/assessment for SLS elements and completed the SLS Moon
to Mars (M2M) Post-Flight Assessment Reviews (PFAR). In summary, SLS systems performed
exceptionally well and successfully achieved all SLS-led flight test objectives.

Production and test of Artemis II SLS assemblies are in the completion phase and flight hardware is now
being delivered to KSC for integration and test. Artemis II's ten booster motor segments arrived at KSC in
September 2023. They will form the SLS's rocket's twin five-segment solid rocket boosters, which
produce more than 75 percent of the total thrust at liftoff. In addition, the Launch Service Stage Adapter
(LVSA) was completed in February 2023 and is ready to deliver to KSC when needed.

Significant progress was also made on the production and test of SLS elements for missions following
Artemis II. The ICPS upper stage for the SLS rocket that will power the Artemis III mission and send
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astronauts to the Moon for a lunar landing arrived at the Cape Canaveral Space Force Station Poseidon
Wharf in Florida in August 2023. SLS’s ICPS provides Orion and the astronauts inside the big push —
called a trans-lunar injection — to journey to the Moon on a precise trajectory during Artemis III.

For Artemis V and beyond, the Core Stage RS-25 liquid engines will be built using new design and
manufacturing improvements. In June 2023, the Liquid Engine Office successfully completed the 12
certification tests for these new RS-25 production engines. This certification engine was the first engine
of the re-started RS-25 assembly line.

WORK IN PROGRESS IN FY 2024

In October 2023, the program completed installation of the four RS-25 engines into the SLS Core Stage-2
(CS-2) at the Michoud Assembly Facility (MAF). The Core Stage continued into final assembly and test
in preparation for delivery in 2024.

A key focus in FY 2024 will be delivery of flight hardware and performing the final testing, checkout,
and preparations to support Artemis II launch in FY 2025. The CS, IPCS, LVSA, and Orion Stage
Adapter (OSA) are scheduled to be delivered to KSC in 2024. The CS and its engines, form the backbone
of the SLS rocket that will power the first crewed mission of the Artemis Campaign.

For Artemis III production and test activities, Booster aft skirts and forward assemblies will complete
assembly and be placed in storage (motor segments are already in storage). Core Stage elements, LVSA,
and OSA will be nearing completion.

All but one Booster segments will complete fabrication and Core Stage elements will continue their
production.

The program began a second certification test series of RS-25 in October 2023 at NASA's SSC which
includes a new nozzle. As of January 2024, four out of the twelve tests were successfully completed. This
will help confirm manufacturing processes ahead of production for the SLS rocket. The tests are a key
step to produce engines that will help power the SLS rocket, beginning with Artemis V. This series of
twelve test will be conducted throughout FY 2024.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

A key focus of FY 2025 will be delivery of Artemis III flight hardware and performing the final testing,
checkout, and preparations to support Artemis III launch in FY 2026. Artemis III CS production and test
will be completed in FY 2025 along with elements including ICPS, LVSA, and OSA, will be ready for
delivery to support KSC integration needs.

Critical activities for future mission will also continue. The initial deliveries of the first set of RS-25
production restart engines for Artemis V will occur.

The Booster Office plans to test the first full scale Booster Obsolescence and Life Extension (BOLE) test
motor as part of the Booster Production and Operations Contract (BPOC) and conduct the PDR for BOLE
in FY 2025.
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Project Schedule

Sep 2025

Artemis II LRD

Sep 2026

Artemis III LRD

Project Management & Commitments

Responsible for development, | Provider: MSFC
testing, production, and Lead Center: MSFC
Booster support for the five-segment formi ]
solid rocket motor to be used | Performing Center(s): MSFC
on initial capability flights. Cost Share Partner(s): N/A
Responsible for development Provider: MSFC
and/or testing, production, Lead Center: MSFC
Engines and support for both core Performing Center(s): MSFC; SSC
stage (RS-25) and upper stage | Cost Share Partner(s): N/A
liquid engines.
Respons1ble for' development, Provider: MSFC
testing, production, and
support of hardware elements, | Lead Center: MSFC
Stages including core and upper Performing Center(s): MSFC/MAF; SSC
stages, 1.1qu1d engine Cost Share Partner(s): N/A
integration, and avionics
integration.
Responsible for development,
testing, production, and Provider: MSFC
support of hardware elements
Spacecraft for integrating the Orion Lead Center: MSFC
Payloads and spacecraft and payloads onto | Performing Center(s): MSFC, LaRC, GRC, and KSC
Integration SLS, including the ICPS, Cost Share Partner(s): N/A
OSA, LVSA, Universal Stage
Adapter (USA), and payload
fairings.
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Acquisition Strateqy

Operations

NASA is using contracts with Aerojet Rocketdyne, Boeing Aerospace, Northrup Grumman Innovation
Systems, Teledyne Brown Engineering Inc., and United Launch Alliance for the production and design,
development, test, evaluation, and operation of the elements that make up the SLS launch vehicle. These
elements include the Core and Upper stages, Solid Rocket Boosters, ICPS, the Core Stage Engines (RS-
25s), the Upper Stage Engines (RL10s), USA, and the LVSA as applicable to the various SLS Block
configurations. SLS utilizes these contracts to meet the Artemis Campaign requirements for the Launch
Vehicle. SLS is continuing to review options for future production contracts that will allow the program
to procure launch vehicles on a service basis.

The FY 2025 President's Budget does not mandate adjustments to contracts and agreements, and NASA
expects contractors and partners to perform to their contract/agreement dates.

MAJOR CONTRACTS/AWARDS

Procurement for SLS launch vehicle development meets the agency’s requirement to provide an
evolvable launch vehicle within a schedule that supports various Artemis mission requirements.
Procurements include use of existing assets to expedite and further the development of technologies and
future competitions for advanced systems and key technology areas specific to SLS launch vehicle needs.

The Stages Production and Evolution Contract (SPEC) was definitized in December 2022. Under this
contract, Boeing will produce SLS core stages for Artemis III and IV, procure critical and long-lead
material for the core stages for Artemis V and VI, and provide the Exploration Upper Stage (EUS) for
Artemis V and VI, as well as tooling and related support and engineering services. The contract comes as
Boeing optimizes manufacturing capabilities using KSC in Florida to perform some specific core stage
assembly and outfitting activities beginning with the Artemis III rocket (a Memorandum of Agreement
was signed in October 2022 allowing for this subset of core stage processing to occur at KSC). In tandem,
teams will continue all remaining core stage manufacturing activities at MAF in New Orleans.

Element

Vendor

Location (of work performance)

USA

Dynetics, Inc.

Huntsville, AL

Launch Vehicle Stage Adaptor

Teledyne Brown Engineering, Inc.

Huntsville, AL

Boosters

Northrop Grumman Innovation
Systems

Magna, UT

Core Stage Engine Aerojet Rocketdyne Desoto Park, CA; SSC

ICPS United Launch Alliance under Huntsville, AL
contract to Boeing Aerospace

Stages (Core and Upper) Boeing Aerospace New Orleans, LA

Upper Stage Engines Acrojet Rocketdyne West Palm Beach, FL
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INDEPENDENT REVIEWS

LRD/Initial e
Operations To assess all capabilities of the Successful launch on
Capability (I0C) for TIA/IRT Nov 2022 vehicle to support the readiness to November 16, 2022.
. launch.
Artemis I
To assess all capabilities of the
LRD/I.OC for TIA/IRT Sep 2025 vehicle to support the readiness to TBD
Artemis 11
launch.
To assess all capabilities of the
LRD/I.OC for IA/IRT Sep 2026 vehicle to support the readiness to TBD
Artemis 111 launch
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
[Exploration Ground Systems Development 330.6 356.2 235.8 148.3 314 0.0 0.0
IEGS Program Integration and Support 504.2 -- 523.0 549.8 544.6 542.3 520.4
Total Budget 834.8 - 758.8 698.1 576.0 542.3 520.4

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Exploration Ground Systems (EGS) Program
enables integration, processing, and launch of the Space
Launch System (SLS) and Orion spacecraft. The EGS
Program, based at KSC, is responsible for developing
and operating the systems and facilities necessary to
process, integrate, transport, and launch NASA’s SLS
rocket, Orion spacecraft, and any co-manifested SLS
payloads for Artemis missions. EGS’s mission is to
enable the future Artemis missions which will return
astronauts to the Moon and eventually Mars.

EGS is responsible for the facility and ground support
equipment at KSC which enables assembly, test, and
launch of SLS and Orion, along with landing and
recovery activities of the Orion spacecraft flight elements
in support of Artemis missions. EGS is also modernizing
communication and control systems to support these
activities.

Shown here, the NASA Artemis II astronauts
have suited up and are traveling to Pad 39B at
NASA's KSC for a test demonstrating nominal
launch day procedures.

After successfully supporting the uncrewed flight test of
Artemis I in November 2022, EGS continues to upgrade the Launch Complex-39B (LC-39B), crawler-
transporters, Vehicle Assembly Building (VAB), Launch Control Center’s Young-Crippen Firing Room
1, Mobile Launcher-1 (ML-1), and other ground facilities for crewed operations. EGS also continues to
upgrade its infrastructure to support the SLS Block 1B launch vehicle configuration, which is the next
evolution of the SLS launch vehicle, including the development of the Mobile Launcher-2 (ML-2). EGS
enables the safe launch and recovery of Artemis missions.

For more information, go to: https://www.nasa.gov/exploration/systems/ground/index.html

Program Elements

EGS PROGRAM INTEGRATION AND SUPPORT

EGS Program integration and support activities manage program interfaces between the SLS and Orion.
This effort is critical to ensuring the ground systems' performance meets technical and safety
specifications and supports the programmatic assessments key to achieving integrated technical, cost, and
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schedule management. In addition, the EGS integration effort is vital to managing interfaces with other
ESDMD and SOMD activities, including strategic studies, feasibility studies, and small-scale research
tasks that feed into future human exploration. Coordination and timely integration across ESDMD and
SOMD are critical and aimed at mitigating the impacts of potential design overlaps, schedule disconnects
and delays, and cost overruns.

EXPLORATION GROUND SYSTEMS DEVELOPMENT

EGS Development is responsible for developing the necessary ground systems as well as refurbishing and
upgrading infrastructure and facilities required for assembly, test, and launch of SLS and Orion. This
includes LC-39B, VAB, MLs, other smaller facilities, and Orion landing and recovery activities. See the
Exploration Ground Systems Development section beginning on the following page for additional details.
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FY 2025 Budget

Op Plan CR Request
[Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
Formulation 974.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9747
Development/Implementation 2,700.4 30.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,730.4
Operations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2024 MPAR LCC Estimate 3,675.1 30.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3,705.1
Total Budget 3,609.3  330.6 356.2 235.8 1483 314 0.0 0.0 0.0 4,711.6

The 2024 MPAR LCC Estimate reflects the Fiscal Year 2024 Quarter 1 Financial Report, which is current as of
January 2024. The requested budget authority is the project's current budget requirements.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

Exploration Ground Systems (EGS) is responsible for safely launching the Space Launch System (SLS)
and Orion spacecraft in support of the Artemis missions. EGS develops upgrades and maintains the
necessary ground systems infrastructure and facilities required for assembly, test, and launch of SLS and
Orion, along with the landing and recovery activities of Orion. This includes evolving several KSC
infrastructures including the pad, known as Launch Complex-39B (LC-39B), the Vehicle Assembly
Building (VAB), Mobile Launchers 1 and 2 (ML-1, ML-2), and other smaller facilities from a Space
Shuttle focus to supporting Artemis missions. The modernization efforts maintain flexibility for LC-39B
and VAB to accommodate other potential users and commercial partners, though no other users have been
identified to date. ML-1, VAB, and LC-39B are undergoing additional modifications to accommodate
crewed flight in preparation for future Artemis missions.

After the successful uncrewed launch of Artemis I on November 16, 2022, NASA is now focusing on the
completion of Artemis II (the first crewed SLS flight) and the preparation required for Artemis III and
Artemis IV. The Artemis I mission was the first integrated flight test of the agency’s Deep Space
Exploration Systems: the Orion spacecraft, the SLS launch vehicle, and the exploration ground systems.

For more information, go to: http://go.nasa.gov/groundsystems

EXPLANATION OF MAJOR CHANGES IN FY 2025

The proposed funding levels sufficiently allow the program to support Artemis II and III launches as soon
as is technically feasible. The current target launch date for Artemis II is September 2025.

Additional funding since the last budget request has been added to support continued development and
construction of ML-2. The additional funding is necessary to address increased material costs driven by
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inflation, and some government contract changes. NASA is leveraging recommendations from multiple
independent reviews to stabilize and maintain ML-2 construction as it is currently on the critical path to
Artemis IV. ML-2 is the ground platform structure that will launch the SLS Block 1B (B1B) launch
vehicle configurations into lunar orbit.

PROJECT PARAMETERS

EGS is focusing on the equipment, management, and operations required to safely mate Orion with the
SLS, move the integrated SLS/Orion stack to the launch pad, and successfully launch it into space. The
work entails use of facilities such as the VAB and LC-39B launch complex. For the Artemis missions, the
EGS team is developing procedures and protocols to process the Orion spacecraft, the launch vehicle
elements, and the launch abort system before assembly into an integrated vehicle. Additional ground
system work required to launch astronauts into space on Artemis II includes modifying the ML-1 and
crawler-transporters, preparing LC-39B at KSC, and modernizing computers, software, tracking systems,
and other network communications.

The ML-1 is the ground structure used to assemble, process, and launch the SLS rocket and Orion
spacecraft from LC-39B at KSC. ML-1 consists of a two-story base that is the platform for the launch
vehicle and a tower equipped with several connection lines, called umbilicals, and launch accessories that
will provide SLS and Orion with power, communications, coolant, fuel, and stabilization prior to launch.
The tower also contains a walkway for personnel and equipment entering the crew module during launch
preparations. ML-1 supported the agency’s Artemis I launch and will also support the Artemis II and III
launches.

ML-2 is the ground platform structure that will launch the SLS B1B launch vehicle configurations into
lunar orbit. ML-2 is the primary interface between the ground launch control system and the SLS rocket
and Orion spacecraft flight hardware. The ML-2 construction contract was awarded in July 2019 and is
aligned to support the first launch of a B1B on Artemis IV.

Machines called crawler-transporters have carried the load of the launch vehicle and spacecraft to the
launch pad for more than 50 years at KSC. Crawler-Transporter 2 (CT-2) will be used for launches of
SLS and Orion.

ACHIEVEMENTS IN FY 2023

Artemis I was successfully launched on November 16, 2022. The Orion capsule splashed down in the
Pacific Ocean off the coast of Baja California on Sunday, December 11, 2022, wrapping up its 25.5-day
mission to lunar orbit and back. EGS completed post flight processing and de-servicing of Orion,
followed by an Artemis I Post-Flight Assessment Review (PFAR) in April 2023.

EGS utilized the period between Artemis I and Artemis II to complete critical modifications, upgrades,
and testing development to the launch pad, VAB, and ML-1 required to support the first crewed launch.
The Launch Equipment Test Facility will complete testing of some critical ML-2 ground support
equipment, such as the vehicle support posts and Exploration Upper Stage umbilical, in preparation for
turnover to the ML-2 contractor for installation.
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The program completed construction activities of the new 1.4-million-gallon Liquid Hydrogen (LH2)
Sphere at LC-39B which will enable multiple launch attempts with a quicker turnaround time for future
missions. The new LH2 Sphere, in addition to the current LH2 Sphere, will supply an increased capacity
of LH2 for Artemis II and beyond. The larger tank will allow NASA to attempt SLS launches on three
consecutive days, instead of opportunities of two out of three days, in the event of a scrub. The newer
technology reduces liquid hydrogen burn-off, allowing more launch attempts before having to refill the
larger tank.

The Emergency Egress System (EES) Conveyance Modifications Construction Contract for ML-1 and
LC-39B began on-site field installation in Q4 FY 2023. The EES system will provide crew and safety
personnel emergency egress to safely exit from the launch vehicle in an emergency. Construction will be
complete in time to support crewed Artemis missions. ML-1 rolled to Pad in August to start EES
installation and Multi-element Validation & Verification (MEVV).

EGS continued fabrication of the Environmental Control System (ECS) in VAB and begin upgrades at
LC-39B to support future Artemis missions and continue upgrades at the Compressor Converter Facility.
Concrete pads for the Liquid Helium (LHe) vaporizers have been poured and concrete foundation for the
LHe pump skids have been completed.

The program continued design of the LN2 RL-10 Chilldown system at LC-39B. The system will be used
to chill down the propellants pre-launch for the RL-10 engines of the SLS B1B Exploration Upper Stage
(EUS).

The integrated recovery team of NASA, Lockheed Martin, and DoD successfully completed the first
recovery test for the crewed Artemis II mission in August 2023 off the coast of San Diego. During the
test, the team practiced how they will extract the four astronauts who will venture around the Moon from
their spacecraft after they land in the Pacific Ocean and recover the Orion crew module. NASA’s landing
and recovery team used a new crew module test article and personnel from the team as stands-ins for the
four astronauts who will fly on the mission to demonstrate their procedures. The test included day and
night recovery testing. The crew will participate in a future recovery test next year as part of their mission
training.

ML-2 is the ground platform structure that will launch the SLS B1B launch vehicle configurations into
lunar orbit. ML-2 is the primary interface between the ground launch control system and the SLS rocket
and Orion spacecraft flight hardware. The ML-2 construction contract was awarded in July 2019 and is
aligned to support the first launch of a B1B on Artemis IV. ML-2 construction phase started in August
2023.

The 10 booster motor segments for Artemis Il arrived at KSC on September 25, 2023. EGS teams are
now preparing to process each of the segments inside the Rotation, Processing and Surge Facility (RPSF)
ahead of integrating them inside VAB. EGS will conduct seven verification and validation tests to ensure
the EGS team and structures are ready to support Artemis II which begin in September 2023.

WORK IN PROGRESS IN FY 2024

EGS will utilize the period between Artemis I and Artemis II to complete critical modifications, upgrades,
and testing of the launch pad, VAB, and ML-1 required to support the first crewed launch of Artemis. The
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EES Conveyance Modifications Construction Contract for ML-1 and pad will continue site field
installation followed by ML-1 Multi Element Verification and Validation (MEVV) in FY 2024.
Following construction of ECS at VAB/ML/PAD, EGS will complete functional pre-testing and required
MEVYV activities to support Artemis II Core Stage (CS) stacking operations. The Artemis II Vehicle
Integration and Operations, to include solid rocket booster (SRB) stacking, mating of the Space Launch
System (SLS) CS, spacecraft offline operations, payload processing, integrated test and checkout, will all
occur in FY 2024 in preparation for the Artemis II crewed launch in early FY 2025. The program will
also complete the remaining Artemis Il development, verification and validation efforts discussed above
to support the Artemis II crewed launch. The Spaceport Command and Control System and Ground and
Flight Application Software upgrades will be completed in FY 2024 to support Artemis II crewed
missions.

The program conducted a water flow test with the mobile launcher in October FY 2024. It was the third in
a series of six tests planned to verify the overpressure protection and sound suppression system is ready
for launch of the Artemis II mission. The remaining three tests will be conducted in FY 2024

During liftoff, 400,000 gallons of water will rush onto the pad to help protect NASA’s Space Launch
System rocket, Orion spacecraft, mobile launcher, and launch pad from any overpressurization and
extreme sound produced during ignition and liftoff.

For Artemis IV and beyond, Launch Equipment Test Facility (LETF) will complete testing of critical
ML-2 ground support equipment, such as the vehicle support posts and EUS umbilical, in preparation for
turnover to the ML-2 Contractor for installation. In the spring of 2024, ML-2 will complete CDR and be
making significant progress on construction of the ML-2 required for future B1B crewed missions,
starting with Artemis IV. The establishment of an Agency Baseline Commitment for ML-2 will also be
reviewed for final approval in 2024.

Other major construction projects, such as the construction for the Liquid Nitrogen Infrastructure Update
and designs for VAB HB4 upgrades will begin in FY 2024. These efforts will support future crewed
Artemis missions by upgrading the liquid nitrogen capabilities for quicker turnarounds for scrubbed
launches, building the VAB HB4 EUS stand for engine servicing and the VAB Payload Environmental
Access Room (PEAR) for cleanroom payload processing.

In the spring of 2024, ML-2 will complete CDR, having made significant progress on construction of the
ML-2 required for future B1B crewed missions. The establishment of an Agency Baseline Commitment
for ML-2 will also be reviewed for final approval in 2024.

The integrated recovery team of NASA, Lockheed Martin, and DoD, along with additional contractor
support, will conduct Underway Recovery Test (URT)-11 in FY 2024 off the Pacific coast of San Diego,
California to ensure safe recovery of the Orion crew module for future Artemis missions.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

EGS will complete Artemis II booster stacking, CS mate, and integrated test and checkout operations in
the fall of 2024. Following final testing at Pad 39B and integration of Orion and SLS EGS in VAB, EGS
will roll the integrated vehicle to the Pad for the Artemis II crewed launch in September 2025.
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The integrated recovery team of NASA, Lockheed Martin, and DoD, along with additional contractor
support, will conduct URT-12 in FY 2025 off the Pacific coast of San Diego, California to ensure safe
recovery of the Orion crew module for future Artemis missions.

EGS will utilize the period between Artemis II and Artemis III to complete any remaining critical
modifications, refurbishments, upgrades, and testing development to the launch pad, VAB, and ML-1
required to support Artemis III, NASA’s first human mission to the lunar South Pole. FY 2025 Artemis
IIT activities primarily include flight software updates, booster processing/stacking, core stage mate and
integration operations.

EGS will complete the water flow test with the mobile launcher to verify the overpressure protection and
sound suppression system is ready for launch of the Artemis III mission.

FY 2025 plans for Artemis IV center on completion of ML-2 base construction of decks, ground station
equipment, and side panels. EGS will follow that with cyrogenic pipe installations, cold shock and
umbilical range of motion testing to prepare for Crew Access Arm (CAA) commissioning, which is slated
for the end of FY 2025.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date | FY 2025 PB Request
KDP-A Feb 2012 Feb 2012
Formulation Authorization Apr 2012 Apr 2012
S R Rk SR /5556 201
alill’\;[BC)Agency Program Management Council Nov 2012 Nov 2012
PDR Board Mar 2014 Mar 2014
KDP-C APMC May 2014 May 2014
CDR Board Dec 2015 Dec 2015
System Integration Review (SIR) Apr 2018 Jun 2018
ggsir:\t)‘i]()(%aﬁ 1lzl)eadiness Review / Flight Readiness Tul 2019 Jul 2019
Artemis I Launch Readiness Nov 2018 Nov 2022
Mobile Launcher 2 PDR (Technical) Mar 2021 Mar 2021
Mobile Launcher 2 PDR (Programmatic) Jul 2021 Dec 2021
Mobile Launcher 2 CDR Apr 2023 Apr 2023
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Development Cost and Schedule

Artemis I
2015 1,843.5 80 2022 2,629.3 429 Launch Nov 2018 | Nov 2022 | 48
Readiness

NASA continues to review past reporting, and estimates do not necessarily accurately incorporate actual
expenditures to date. Additionally, cost and confidence levels do not reflect the cost impacts of currently anticipated
schedule delays. The estimates are expected to increase as NASA assesses the impacts of further delays and updates
reporting on expenditures. Estimates that include combined cost and schedule risks are denoted as joint confidence
level (JCL), all other confidence levels (CLs) reflect cost confidence without necessarily factoring the potential
impacts of schedule changes on cost.

Development Cost Details

TOTAL 1,843.5 2,629.3 +785.8
Mobile Launcher 213.1 501.8 +288.7
LC-39B Pad* 77.5 48.9 -28.6
VAB* 92.7 42.8 -49.9
Command, Control, and 198.0 544.6 1346.6
Communications

Offline Processing and

Infrastructure® 110.2 149.3 +39.1
Other 1,152.0 1,341.9 +189.9

Other includes Crawler Transporter, Launch Equipment Test Facility, Integrated Operations, Program
Management, Logistics, Safety and Mission Assurance (S&MA), Integrated and Offline Operations, Construction of
Facility and Systems Engineering and Integration (SE&I).

*The Agency Baseline Commitment for LC-39B Pad, VAB, and Offline Processing and Infrastructure previously
integrated Operations cost which support Artemis I and later missions. EGS realigned those costs from each
element and moved those costs to the other element, significantly lowering those elements' Current Year
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Development Cost Estimate. In addition, the program removed 327 million in costs for the VAB Utility Annex from
the VAB element estimate. Those costs were covered by Center Management and Operations as that work was
determined to benefit all programs at KSC.

Totals may not add due to rounding.

Project Management & Commitments

EGS is developing ground systems infrastructure necessary to assemble, test, and launch SLS and Orion,
as well as land and recover Orion flight elements.

Element Description Provider Details

GSI is responsible for the design, development, Provider: KSC

Ground Systems | build, hardware/software integration, verification | .. Center: KSC
Implementation | and validation, test, and transition to operations .
(GSD) for program facility systems and Ground Performing Center(s): ARC
Support Equipment (GSE). Cost Share Partner(s): N/A

Provider: KSC

Operations and O&TM is responsible for conducting overall Lead Center: KSC

lf/fsrtlagemen ¢ planning and execution of both flight hardware Performine Cent N/A
(O&TM) and ground systems processing activities. erforming Center(s):
Cost Share Partner(s): N/A
Provider: KSC
82;22?’11(1’ C3is responsible for development, operation, Lead Center: KSC
Communication and sustainment of En.d-t(.)—End Command and Performing Center(s): N/A
(C3) Control and Communications services. g :
Cost Share Partner(s): N/A
Program PMT includes project management, safety and Provider: KSC
mission assurance, logistics, systems Lead Center: KSC
Management engineering, utilities and facility operations, and | Performi :
Team (PMT) 4 ) ) erforming Center(s): N/A
maintenance. Cost Share Partner(s): N/A
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Project Risks

Development

Risk Statement

Mitigation

If: The modifications to ML-1 are not completed
in the planned 18-month window between
Artemis I and Artemis II,

Then: There is a possibility that the EES
construction will not be completed in time to
allow for Verification and Validation (V&V)
prior to vehicle processing for Artemis II.

There is a dependency on the ML-1 being available and
modifications being completed to complete the
construction and activation of EES at the Pad. The
dependencies with Artemis II ML-1 modifications may
prevent timely installation and testing of EES with ML-1.

Mitigation efforts being pursued include compressing the
EES design schedule, compressing the construction
schedule, exploring alternate implementation methods,
initiating the construction earlier, and/or reducing the
overall V&V schedule.

If: The modifications to the ECS ducting
configuration and circuits are not completed in
the planned 18-month window between Artemis |
and Artemis II,

Then: There is a possibility that the ECS
construction will not be completed in time to
allow for V&V prior to vehicle processing for
Artemis II.

To support launches post Artemis I, modifications are
planned to ECS that will enable it to support both Block 1
and B1B vehicles. This will require modifications to the
existing circuits; however, these circuits had to be
maintained throughout the entire Artemis I launch
campaign.

Mitigation efforts being pursued include compressing the
design schedule, improving design package flexibility,
identifying design scope that can be deferred, exploring
alternate implementation methods, and/or reducing the
overall V&V schedule.

If: ML-2 construction experiences design and
construction delays,

Then: ML-2 readiness for Artemis IV could be
delayed.

EGS Program management is working with the prime
contractor to shore up the discipline and rigor associated
with project execution. NASA leadership has also
increased oversight on the ML-2 project to ensure
remaining development and construction work is executed
as efficiently as possible. The program has seen challenges
due to the COVID-19 pandemic, particularly in the areas
of market pricing on materials/services and labor
inefficiencies.

Acquisition Strateqy

EGS serves as its own prime contractor for development activities. EGS executes SLS and Orion ground
infrastructure and processing requirements by leveraging center and programmatic contracts. For more
routine work, EGS also uses pre-qualified indefinite-delivery, indefinite-quantity contractors while
exercising full and open competition for larger or more specialized projects, such as facility systems
construction contracts and associated GSE fabrication firm-fixed-price contracts. A fixed-price
contracting approach is the first choice whenever possible, as it provides maximum incentive for
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contractors to control costs because the contractors are subject to any losses incurred. In addition, a fixed-
price contract imposes less administrative burden on the contracting parties.

The FY 2025 President's Budget does not mandate adjustments to contracts and agreements, and NASA
expects contractors and partners to perform to their contract/agreement dates.

MAJOR CONTRACTS/AWARDS

EGS development activities will encompass projects of varying content and size. EGS uses the center’s
institutional contracts to execute the development, engineering, construction, and programmatic activities.
If the project size or scope falls outside existing center capabilities, then a competitively bid firm-fixed-
price contract will be used.

ML-1 Structural and Facility .

Support Modification Contract J.P. Donovan Construction, Inc. KSC
VAB Platform Construction Hensel Phelps Construction, Inc. KSC
ML-2 Design Build Bechtel National, Inc. KSC

INDEPENDENT REVIEWS

Launch
Readiness
Date/Initial To assess all capabilities of the
. Nov . . Successful launch on
Operations IA/IRT vehicle to support the readiness to
- 2022 November 16, 2022.
Capability launch.
(LRD/1OC) for
Artemis I
To demonstrate that program design
Mobile is mature; support full-scale
Apr fabrication, assembly, integration,
Launcher 2 IA/IRT N/A
2023 and test; and meet overall
CDR . s
performance requirements within
cost and schedule constraints.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024) FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Gateway 779.2 -- 817.7 627.9 586.8 746.0 635.4
XEVA and Human Surface Mobility Program 3249 -- 434.2 483.9 644.7 673.6 571.2
Human Landing System 1,386.1 - 1,896.1 2,0509 1,9949 22783 23347
\Advanced Exploration Systems 140.3 -- 140.2 123.0 163.1 170.9 171.0
Total Budget 2,630.5 - 3,288.1 3,285.7 3,380.5 3,8688 3,712.3

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The overarching goal of the Moon to Mars Lunar
Systems Development theme is to develop the
systems that humans will use to live and operate
in deep space, land humans on the Moon,
explore the lunar surface, and prepare for Mars
exploration. The theme comprises four
programs: Gateway; the Human Landing System
(HLS); Extravehicular Activity (xEVA) and
Human Surface Mobility Program (EHP); and
Advanced Exploration Systems (AES). In
collaboration with commercial and international
partners, the Moon to Mars program will create
the necessary exploration infrastructure in lunar
Virtual Reality (pictured above) is being used to help orbit and on the lunar surface that astronauts will
astronauts evaluate the Crew Cabin that is being use during Artemis missions. The Lunar Systems
developed for Artemis missions. Development theme is responsible for
developing and testing prototype systems, as
well as planning and developing flight missions to lunar orbit and the lunar surface. In addition to
expanding our lunar capabilities, these efforts will also inform and enable future missions to Mars. The
theme's program objectives support the National Space Policy of 2020 and the 2021 Space Priorities
Framework, as well as the agency's Strategic Goal 2, which seeks to extend human presence to the Moon
and onto Mars for sustainable, long-term exploration, development, and utilization.

The Lunar Systems Development theme will leverage other capabilities, such as life support systems,
within ESDMD for transportation of the crew to and from orbit around the Moon and technology
development for future Mars systems. The theme will leverage SMD development of smaller landers for
capabilities such as navigation and precision landing of cargo, as well as for data about the lunar surface.
Finally, Lunar Systems Development will leverage SOMD's capabilities, such as the ISS and the Space
Communications and Navigation program, as a technology and human system testbed and communication
and navigation capability provider, respectively.

The theme's activities utilize a variety of agreement and contract types, such as Firm-Fixed-Price
contracts, that enable NASA, private industry, academia, and international partners to share in the risks
and rewards of government investments. These shared risks incentivize technical performance and
building future commercial markets with entities other than NASA interested in using the new
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capabilities. These programs are also utilizing the unique skills of the NASA workforce to perform risk
reduction, develop life support systems, and build and manage the missions that will take humanity back
to the Moon and beyond.

Utilizing partnerships and competition to drive affordability, the HLS program will leverage commercial
capabilities to develop integrated lunar landing systems. Artemis III's lunar landing demonstration will
consist of landing two crew members on the lunar surface via the SpaceX Starship vehicle. Once the
Orion spacecraft has docked to the Starship in Iunar orbit, two crew members will board the Starship to
continue their journey to the surface of the Moon for nearly a week, then return to lunar orbit and
rendezvous with Orion for the return to Earth. As part of the Sustaining Lunar Development (SLD), Blue
Origin's Mark 2 system will land on the Moon for Artemis V mission. NASA intends to support the
development and use of multiple industry provided landing systems to maintain competition and enable
redundancy in the HLS program.

xEVA and EHP develops and manages the systems that NASA will use to explore the surface of the
Moon. These surface systems, including surface suits and mobility systems, will allow astronauts to reach
of increasingly large areas of the surface of the Moon, maximizing the science and exploration value of
the Artemis missions. Utilization of surface systems will also yield lessons learned that will be applied to
the development and support of future Mars missions.

The Gateway will serve as a multi-purpose outpost orbiting the Moon, providing capabilities to enable a
sustained deep space presence for NASA and its partners to conduct human exploration and scientific
research on and around the lunar surface. Both in early and later stages of assembly, Gateway will enable
crewed missions in lunar orbit, where astronauts will prepare for lunar surface missions and future crewed
missions to Mars.

The Lunar Systems Development theme leads the next phase of lunar sustainability with the development
activities occurring under AES. Development activities include high-priority technologies and capabilities
to infuse them into prototype systems that will form the basis for human spaceflight missions and

enable future long duration missions. Examples of AES activities include long-duration environmental
control and life support systems (ECLSS); technology demonstrations on ISS and ground testing of
integrated systems; crew health and performance; Earth independent operations software and systems
tools to reduce crew's dependence on ground-based mission control; and advance habitat and life-support
capabilities demonstrated and tested on Earth, in LEO, Near-Rectilinear Halo Orbit (NRHO), and the
lunar surface.

The missions pioneered by this theme will enable the first intrepid crews of the new space age to travel
safely to and from the surface of the Moon and mature the systems that can achieve sustainability on the
Moon. These missions will enable new scientific discoveries and promote new technologies, research, and
systems needed to sustain living in deep space for the benefit of all humankind and eventually feed into
future Mars missions.

EXPLANATION OF MAJOR CHANGES IN FY 2025

Due to favorable commercial competition for HLS lander development, the agency reallocated HLS
resources to meet other Moon to Mars (M2M) programs' realized risk priorities while continuing to fund
human landing initial capability, sustaining lunar development capabilities and cargo lander development
with two providers.

Gateway changes are due to refinement of Deep Space Logistics element requirements.
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AES restructured the program to better align with the Moon to Mars architecture strategy by conducting
risk reduction activities on the Moon in support of future long duration Mars missions.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Gateway Initial Capability 493.0 516.6 431.8 181.3 0.0 0.0 0.0
Gateway 286.2 -- 385.8 446.6 586.8 746.0 635.4
Total Budget 779.2 -- 817.7 627.9 586.8 746.0 635.4

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Gateway will serve as a multi-purpose outpost orbiting

the Moon, providing capabilities to enable a sustained deep

space presence for NASA and its partners to conduct human
exploration and scientific research on and around the Lunar

surface. Both in early and later stages of assembly, Gateway
will enable crewed missions to lunar orbit, where astronauts
will live, work, and prepare for and support lunar surface

missions.
Pictured above is the Gateway, which will Gateway will host human lander systems enroute to the
serve as a multi-purpose outpost orbiting the lunar surface. Gateway's unique near-rectilinear halo orbit
Moon that provides essential support for (NRHO) will periodically (roughly weekly) bring Gateway
long-term human return to the lunar within about 1,000 miles/1,500 kilometers (km) of the
surface. surface at its closest point. This orbit will allow NASA and

its international and commercial collaborators to have
unprecedented access to the north and south poles of the Moon to conduct deep space science and
technology investigations and perform sustainable Iunar exploration. Gateway will also serve as a
platform for scientific research that require its unique location.

Elements of the Gateway will be developed and deployed incrementally. The Gateway Initial Capability
architecture consists of the two foundational elements: the Power and Propulsion Element (PPE) and the
Habitation and Logistics Outpost (HALO). Maxar Technologies is developing and building the PPE,
which will provide power, high-rate communications, attitude control, and orbital transfer capabilities for
the Gateway. Northrop Grumman is building HALO, which is the first habitable module of Gateway,
where astronauts will live and conduct research. HALO will provide command and control systems for
the lunar outpost and docking ports for visiting spacecraft. PPE and HALO will be integrated and
launched together on a SpaceX Falcon Heavy rocket no earlier than 2025.

As astronauts prepare for missions to the lunar surface, they will need deliveries of pressurized and
unpressurized cargo, science experiments, and supplies, such as sample collection materials for the lunar
surface. The Gateway Deep Space Logistics (DSL) project manages the Gateway Logistics Services
(GLS) contract, which will deliver supplies and hardware to support Gateway's sustained lunar orbit
operations and lunar landing missions.

International partners will provide important contributions to Gateway, including advanced external
robotics and interfaces via the Gateway External Robotic System (GERS) from Canada; additional
habitation via the International Habitat (I-Hab) from ESA and JAXA; lunar communications and a
refueling capability via European Systems Providing Refueling, Infrastructure, and Telecommunications
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(ESPRIT)-Refueler Module; and an airlock from the Mohammed bin Rashid Space Centre (MBRSC) of
the United Arab Emirates (UAE) to support science and maintenance.

Gateway is leveraging and expanding upon the legal framework, knowledge, and relationships built via
the ISS. It will leverage other SOMD capabilities, such as the Space Communications and Navigation
program as a communication capability provider. Gateway will leverage the Space Launch System's
(SLS) launch vehicle and Orion capsule capabilities to transport some of its elements into cislunar orbit,
starting with the I-Hab as a co-manifested payload on Artemis IV. Gateway will be humanity’s first space
station in lunar orbit. It will support NASA’s deep space exploration plans and the Moon and Mars
exploration initiative by providing the infrastructure necessary for sustained lunar surface exploration. It
also provides a research platform aimed at capabilities necessary for Mars exploration.

For more information, go to: http://www.nasa.gov/gateway

Program Projects

POWER AND PROPULSION ELEMENT (PPE)

The PPE is a high-power, 60-kilowatt (kW) solar electric propulsion spacecraft that will provide power,
high-rate communications, attitude control, orbit maintenance, and orbital transfer capabilities for the
Gateway.

HABITATION AND LoGISTICS OuTPOST (HALO)

HALO is where astronauts will initially live and conduct research while visiting the Gateway. The
pressurized living quarters will provide command and control systems for the lunar outpost and docking
ports for visiting spacecraft such as NASA’s Orion spacecraft, lunar landers, and logistics resupply craft.

The HALO module will serve as the backbone for command and control and power distribution across
Gateway and will perform other core functions, including hosting science investigations via internal and
external payload accommodations and communicating with lunar surface expeditions. HALO also will
enable the addition of the I-Hab habitable element and ESPRIT Refueler Module to expand Gateway
capabilities. HALO leverages contributions from the Gateway international partners for robust
capabilities. Batteries provided by JAXA will power HALO until PPE solar arrays can be deployed and
during eclipse periods. Robotic interfaces provided by CSA will host payloads and provide base points
for Canadarm3 robotic operations. ESA will provide a lunar communications system to enable high-data-
rate communications between the lunar surface and Gateway.

DEEP SPACE LoaisTics (DSL)

The DSL Project is the element of the Gateway Program charged with delivering cargo, equipment,
consumables, and payloads to and removing waste from the Gateway. The functional reality of human
habitation in any location on Earth or in space is that it involves the consumption of resources and the
generation of waste. The development of a sustainable, repeatable, and reliable supply chain is critical to
the success of the Artemis program.

The logistics spacecraft will have their own power, propulsion, and navigation systems to rendezvous
autonomously with the Gateway in cislunar orbit and dock at a radial port. It will provide consumable
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resupply, outfitting equipment, and cargo delivery including utilization and spares. The logistics module
is designed to serve as a large pantry where supplies can be easily accessed by the crew. The design of the
spacecraft will accommodate the collection, storage, and eventual disposal of waste accumulated at
Gateway. The cargo and supplies delivered by logistics spacecraft will support habitation of the Gateway
as well as provide provisions for the lunar landers during the sustained lunar exploration phase.

The logistics flights are necessary to supply Gateway with critical cargo deliveries and to sustain the crew
during stays on Gateway. The Gateway Logistics Services contract and technical capability are extensible
to deliver unique payload configurations such as the GERS to the Gateway.

In March 2020, NASA awarded SpaceX as the provider under the Gateway Logistics Services contract to
deliver cargo and other supplies to the lunar outpost. In addition to the logistics capability provided via
the Gateway Logistics Services contract, JAXA has committed to providing logistics resupply capability
via the HTV-XG spacecraft.

INTERNATIONAL HABITAT (I-HAB)

The I-Hab module is a contribution from ESA and will provide additional crew habitation and workspace,
as well as additional environmental systems capability. This module will also provide additional docking
ports and accommodations for internal and external science experiments.

[-Hab's environmental control and life support systems will augment the life support system capabilities
provided by HALO and the docked Orion, enabling longer missions at the Gateway and on the lunar
surface. JAXA will provide several capabilities for the Gateway’s I-Hab, including I-Hab's environmental
control and life support system, batteries, thermal control, and imagery components, which will be
integrated into the module by ESA prior to launch on the SLS Block 1B launch vehicle on Artemis IV.
Thales Alenia Space - Italy is under contract with ESA for the [-Hab module.

EUROPEAN SYSTEMS PROVIDING REFUELING, INFRASTRUCTURE, AND
TELECOMMUNICATIONS (ESPRIT)

The ESPRIT provides additional capabilities that are realized in two components. HALO Lunar
Communication System (HLCS) will be integrated and launched with HALO and will provide high-rate
communications relay between Gateway and elements on the lunar surface. The second, separate module
is the ESPRIT Refueling Module, which will incorporate crew observation windows and enable refueling
of the PPE. Thales Alenia Space - France is under contract with ESA for both components of the
ESPRIT.

GATEWAY EXTERNAL RoBOTICS SYSTEMS (GERS)

CSA will provide the Gateway’s external robotics system, including a next-generation robotic arm,
known as Canadarm3. Canadarm3 will move end-over-end to reach many parts of the Gateway’s exterior,
where its anchoring "hand" will plug into specially designed interfaces. CSA also will provide robotic
interfaces for Gateway modules, which will enable payload installation including that of the first two
scientific instruments launching on the foundational Gateway elements (PPE/HALO). Canadarm3 will be
used to conduct maintenance, to berth and inspect vehicles, install science payloads, and support potential
future Gateway EVAs. CSA will be responsible for end-to-end external robotics, including engineering
and operations. CSA selected MDA for both the Canadarm3 and external robotic interfaces.
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GATEWAY AIRLOCK

The Gateway airlock module will support both crewed spacewalks as well a science airlock to transfer
scientific experiments and Gateway hardware between the pressurized cabin and the exterior of Gateway.
Canadarm3 would be an integral part of the science airlock operations moving the hardware into and out
of the science airlock and deploying/retrieving around Gateway. The Mohammed bin Rashid Space
Centre (MBRSC) of the United Arab Emirates (UAE) will provide the airlock.

EXPLANATION OF MAJOR CHANGES IN FY 2025

The proposed funding levels sufficiently allow the program to support development of Gateway's Initial
Capability as soon as is technically feasible. While the confirmation baseline launch readiness date is
December 2027, NASA is re-assessing the Gateway Initial Capability work-to launch date, which
currently is targeted for no earlier than (NET) October 2025.

ACHIEVEMENTS IN FY 2023

The Gateway Program closed out the PDR sync review and successfully passed their KDP-I. This marked
the transition from formulation to implementation for the whole tightly coupled program.

WORK IN PROGRESS IN FY 2024

CSA will hold GERS PDR. Gateway Deep Space Logistics received authority to proceed and awarded
procurement of the first Logistics service mission in support of Artemis [V. Gateway will continue
working with ESA on the development of I-Hab, the HLCS Engineering Module will be delivered, and
ESA will hold an ESPRIT Refueling Module (ERM) PDR. It is anticipated that MBRSC will select a

prime contractor for development of the Airlock.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

ESA and JAXA will hold an I-Hab CDR. Deep Space Logistics will be ready for KDP-C in support of
Artemis [V.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date FY 2025 PB Request
KDP-I Jul 2023 Jul 2023

CDR Q2 CY 2024 Q4 CY 2024

Initial Capability LRD Dec 2027 Dec 2027
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INDEPENDENT REVIEWS

Review Type Performer

Date of
Review

Purpose

Outcome

Gateway
Formulation
Synchronization
Review (FSR)

Independent
Review
Team

Feb 2019

Equivalent to a SRR, the FSR
evaluated the program’s functional
and performance requirements,
ensuring proper formulation and
correlation with agency and mission
directorate strategic objectives.

Program cleared to
proceed to next phase

Standing
Review
Board
(SRB)

Gateway
Program SDR-
informed Sync
Review

Jun 2020

Delta -Mar
2021

To evaluate the credibility and
responsiveness of the proposed
program requirements/architecture
to the mission directorate
requirements and constraints,
including available resources, and
allocation of requirements to
projects. To determine whether the
maturity of the program’s
mission/system definition and
associated plans are sufficient to
begin preliminary design.

Approval to proceed in
Formulation at KDP-0

Gateway
Program PDR-
Informed Sync
Review

SRB

May 2022,
with close-
out in May
2023

To evaluate the
completeness/consistency of the
program’s preliminary design,
including its projects, in meeting all
requirements with appropriate
margins, acceptable risk, and within
cost and schedule constraints, and
to determine the program’s
readiness to proceed with the
detailed design phase of the
program.

Approval to proceed to
KDP-I

KDP-I APMC

Jul 2023

To approve transition from
formulation to implementation

Approval to proceed to
implementation and
Gateway Initial
Capability
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FY 2025 Budget

Op Plan CR Request
[Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
Formulation 1,719.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,719.0
Development/Implementation 0.0 776.0 843.8 828.1 6308 387.6 95.5 0.0 0.0 3,561.8
Operations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2024 MPAR LCC Estimate 1,719.0  776.0 843.8 828.1 630.8 387.6 95.5 0.0 0.0 5,280.8
Total Budget 1,719.0  493.0 516.6 431.8 1813 0.0 0.0 0.0 0.0 3,341.7

The 2024 MPAR LCC Estimate reflects the Fiscal Year 2024 Quarter 1 Financial Report, which is current as of
January 2024. The requested budget authority is the project's current budget requirements.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

Gateway Initial Capability includes the Power
and Propulsion Element (PPE), the Habitation
and Logistics Outpost (HALO), the commercial
launch vehicle for initial launch, and a portion of
Program Mission Execution (PME). PPE and
HALO will be integrated before launch on a
Falcon Heavy as a single co-manifested vehicle.
Both have contributions from international
partners that are integrated pre-launch. Several
elements for the full configuration are being
provided by international partners, including I-
Hab, ESPRIT Refueler Module, external
robotics, and Airlock.

Pictured above is construction of the Habitation and
Logistics Outpost.

PROJECT PARAMETERS

The PPE will be the most powerful electric propulsion spacecraft ever flown, and it will maneuver
Gateway around the Moon, opening more of the Lunar surface for exploration than ever before. The PPE
project leverages Space Technology Mission Directorate investments in advanced electric propulsion
systems. PPE will demonstrate an advanced solar electric propulsion system (SEP), which combines
12kW and 6kW SEP thrusters.

The PPE is being developed and built by Maxar Space Systems of Westminster, Colorado, and is
managed out of NASA’s GRC in Ohio. PPE will be launched with HALO as an integrated vehicle on a

DEXP-51




Deep Space Exploration Systems: Moon to Mars Lunar Systems Development:
Gateway

GATEWAY INITIAL CAPABILITY

SpaceX Falcon Heavy commercial rocket, and PPE will propel the co-manifested vehicle to cislunar
space.

The HALO module is the initial habitation element where astronauts will live, exercise, prepare meals,
rest, prepare for lunar surface missions, and conduct research while visiting Gateway. The pressurized
living quarters will provide docking ports for visiting spacecraft like NASA’s Orion spacecraft, lunar
landers, and logistics resupply craft, and serve as the backbone for command and control and power
distribution across Gateway.

Northrop Grumman's design for HALO, developed through NASA’s Next Space Technologies for
Exploration Partnerships (NextSTEP) contract vehicle, is based on its Cygnus spacecraft currently being
used to deliver cargo to the ISS.

ACHIEVEMENTS IN FY 2023

In FY 2023, the Agency Baseline Commitment (ABC) was established for the Gateway Initial Capability.
At the element level, HALO completed CDR close out. A CDR determines if the design is appropriately
mature to continue with the final design and fabrication phase.

WORK IN PROGRESS IN FY 2024

In FY 2024, PPE's contractor will hold a CDR. The Assembly, Integration, and Test (AI&T) phase for
HALO and PPE will be underway. The HALO habitable element, manufactured by Thales Alenia Space-
Italia for Northrop Grumman, will be shipped, and delivered to the United States.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

The Assembly, Integration, and Test (Al&T) phase for HALO and PPE will continue, as the spacecraft
conduct verification and validation activities. Verification and validation testing will also be conducted
for integrated ground labs and flight software. The Flight Operations Division at the JSC will be
conducting flight control team training.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date FY 2025 PB Request
KDP-C Jul 2023 Jul 2023
LRD Dec 2027 Dec 2027
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Development Cost and Schedule

The establishment of Gateway Initial Capability Agency Baseline Commitments for Launch Readiness
Date (LRD) represents a risk informed posture that encompass potential issues and not target launch
dates. JCLs are used to track program performance. NASA continues to manage to a more aggressive
schedule than the LRD.

2024 3,561.8 70 2024 3,561.8 0 LRD Dec 2027 | Dec 2027 | 0

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic
estimation techniques and processes. Estimate reflects the practices and policies at the time it was developed.
Estimates that include combined cost and schedule risks are denoted as JCL (joint confidence level); all other CLs
(confidence levels) reflect cost confidence without necessarily factoring the potential impacts of schedule changes
on cost.

Development Cost Details

TOTAL: 3,561.8 3,561.8 0
Project Management 167.0 167.0 0
Systems Engineering 337.7 337.7 0
izilelr:;z/sTechnology/ 488 488 0
Safety 50.9 50.9 0
Spacecraft 1,632.8 1,632.8 0
Mission Operations 122.6 122.6 0
Launch Vehicle 191.1 191.1 0
UFE 1011.1 1,011.1 0

Totals may not add due to rounding
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Project Management & Commitments

Provider: Maxar Space Systems
PPE Power Propulsion Element Lead Center: GRC N/A
Performing Center(s): GRC and JSC

Provider: Northrop Grumman

itati isti Lead Center: JSC
HALO Habitation and Logistics €a e'n er N/A
Outpost Performing Center(s): JSC
Provider: SpaceX
Commercial PPE & HALO co-manifested | Lead Center: KSC Launch Services
. N/A
Launch Service | launch Program

Performing Center(s): KSC

Project Risks

If: PPE-HALO mass exceeds the mass
allocation.

Mass control boards have been established. Potential offloads
will be identified and assessed. Design maturation, delivered
component masses, and fidelity of performance models will
Then: Further analysis and potential offloads | impact these ongoing assessments and offer the most flexibility
will need to be conducted and/or identified. in optimizing the overall mission design.

Acquisition Strateqy

Gateway Initial Capability major domestic procurements are firm fixed price contracts.

MAJOR CONTRACTS/AWARDS

PPE Maxar Space Systems California
HALO Northrop Grumman Arizona
PPE-HALO Launch Service SpaceX California
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 324.9 -- 434.2 483.9 644.7 673.6 571.2

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The NASA Extravehicular Activity (EVA) and Human Surface Mobility
(HSM) Program (EHP) seeks to work with partners to advance the
technologies associated with human mobility and lunar surface
infrastructure in support of NASA’s Artemis missions. The EHP vision
provides safe, reliable, and effective EVA and HSM capabilities that
allow astronauts to survive and work outside the confines of a spacecraft
in space and on the Moon. Artemis missions will return humans to the
surface of the Moon using innovative technologies to explore more of the
lunar surface than ever before. The EHP will collaborate with commercial
and international partners and establish the first long-term presence on the
Moon. Eventually, the program will use what it learned on and around the
Moon to develop surface systems that can be used by the first astronauts
to land on Mars.

The EHP program and partners will collaborate on developing lunar
capabilities to increase the productivity of crews on the lunar surface
during Artemis missions. EHP focuses on high-risk technologies for lunar
Exploration Extravehicular surface systems that will provide mission planners with more choices,
Mobility Unit (xEMU) Design | thereby increasing mission success. In pursuing these types of capabilities,

Shown here, the Exploration
Extravehicular Activity
(xEVA) team conducts an

Verification Testing (DVT) NASA and potential partners will develop new and improved technologies
thermal vacuum testing. that will provide additional options for terrestrial applications in multiple
industries.

Artemis astronauts exploring the Moon's South Pole will wear new spacesuits to keep them safe and
productive in this harsh lunar environment. NASA is embracing commercial collaborations to optimize
spacesuit technology and inspire innovation in the space industry. NASA has selected Collins Aerospace
and Axiom Space to advance spacewalking capabilities in space and on the Moon, by buying services that
provide astronauts with next generation spacesuit and spacewalk systems to work outside spacecraft,
explore the lunar surface on Artemis missions, and prepare for human missions to Mars. The Exploration
Extravehicular Activity (XEVA) System, which is required for astronauts to conduct moonwalks on the
lunar surface, includes the Exploration Extravehicular Mobility Unit (XEMU) spacesuit development,
vehicle interfaces to suit equipment, system servicing equipment, and specialized tools for these
moonwalks.

The Lunar Terrain Vehicle (LTV) is an unpressurized surface transportation system that will significantly
extend the range of crew excursions and enable more scientific research, resource prospecting, and
exploration activities to be conducted. Because Artemis missions will be targeting the Lunar South Pole
area, the new LTV must be able to withstand and operate in cold temperatures and unique lighting
conditions. The Artemis LTV is expected to be able to be operated remotely when astronauts are not on
the surface, enabling access to diverse locations that will facilitate science discoveries, resource
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prospecting, and exploration. It will also be available for commercial uses when not carrying out NASA

research and operations.

Procuring services from industry partners allows NASA to leverage commercial innovation and provide
the value to U.S. taxpayers while achieving its human spaceflight and exploration goals. The Lunar
Terrain Vehicle Services (LTVS) contract will support continued science and long-term human

exploration of the Moon during the Artemis Campaign.

Long duration mobility is a key enabler of more productive lunar exploration. The Pressurized Rover
(PR) is a pressurized surface transportation system that would be used on the Moon to expand the range
of excursions even further, allowing crews to perform longer-duration research and exploration activities.
In addition, this capability would allow NASA to conduct analogs of Mars surface activities to reduce risk
and optimize operational concepts. When NASA sends a pressurized rover to the surface of the Moon, it
will serve as astronauts’ living and working space, their life support system, and their means of
transportation for up to a month at a time. As part of a study agreement with NASA, JAXA may provide a

pressurized rover for Artemis missions.

The capabilities provided by the EHP program enable the crews of the new space age the ability to safely
explore the lunar surface and mature sustainability on the Moon. The ability to explore the lunar surface
will enable new scientific discoveries and promote new technologies, research, and systems needed for

future Mars missions.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

The EHP successfully wrapped up program formulation at the KDP-I in
August 2023. This marks the transition from the formulation to the
implementation phase for the program, which will lead to finalizing
milestones, program implementation assignments, and acquisition strategy
beyond the initial engagements.

The xEVA team awarded spacesuit contract task orders to two vendors: the
Artemis III task order to Axiom Space and the ISS task order to Collins
Aerospace. Subsequently, the vendors commenced work toward their
proposed milestones. Each vendor has completed its Certification Baseline
Review and is working toward completing its PDR. Axiom Space unveiled
the first prototype spacesuit for NASA's Artemis III Moon surface mission.
NASA selected Axiom Space to deliver the moonwalking system, including
the spacesuit for the Artemis Il mission. The spacesuit, called the Axiom
Extravehicular Mobility Unit (AXEMU), builds on NASA's spacesuit
prototype developments and incorporates the latest technology, enhanced
mobility, and added protection from hazards. Training hardware for

Shown above, Axiom Space
Picture of the Artemis I11
spacesuit prototype, the Axiom
Extravehicular Extravehicular
Mobility Unit (AxXEMU).

Artemis III has also been delivered. The Collins Aerospace designed suit will incorporate new technology
that is efficient, durable, and requires less maintenance than the spacesuit used by NASA astronauts on
ISS missions. Both new suits will accommodate a broader variation in astronaut size.
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The LTV unpressurized rover team completed KDP-A. Later in the
fiscal year, the team completed the LTV System Requirements
Review and released a services model contract for proposal in May
2023. Instead of owning the vehicle, NASA plans to contract it as a
service from industry. Proposals have been received and are under
review for future selection.

The Pressurized Rover team completed a successful Mission Concept
Review in partnership with JAXA. NASA continues to be actively
engaged with JAXA to refine and coordinate on requirements and
concept of operations for technologies needed to establish a long-term
presence on the Moon with future Artemis missions.

WORK IN PROGRESS IN FY 2024

NASA is working with its two exploration space suit vendors, Axiom

Shown above, is the Collins Space and Collins Aerospace, through PDR. Collins Aerospace will
Aerospace next-generation work toward a CDR and ground demonstration of their suit in a
spacesuit prototype. simulated space environment. NASA will have the option to extend

the contract for an in-space demonstration outside the ISS. Axiom
Space will be developing next-generation astronaut spacesuits to support the Artemis lunar missions, with
a targeted demonstration of the new suit and tools capability on Artemis III.

NASA is also reviewing proposals received in response to the final LTVS request for proposals

(RFPs). The LTV capability is an unpressurized mobility system to assist suited crew members in driving
around the lunar surface and increasing the productivity of moon walks. It is also intended to be able to
advance exploration goals via remote control from the ground during uncrewed phases on the lunar
surface. The LTVS contract is anticipated to be awarded in FY 2024.

NASA will continue to define PR requirements and work toward an international partnership agreement
for development and delivery of the PR to the lunar surface. By providing a pressurized mobile habitat in
which humans can live and work, the pressurized rover will extend the range of explorable surface
environments in future Artemis missions.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

In FY 2025, Collins Aerospace and Axiom Space will continue the development of the next generation
astronaut spacesuits. EHP will continue to support the Extravehicular Activity Services (EVAS) contract
developing new spacesuits for use in space and on the lunar surface.

EHP will manage the acquisition for LTVS, to include the Phase I task order for feasibility assessments.
In addition, EHP will provide technical expertise to ensure LTV meets NASA's requirements.

NASA is also working towards approval of an international agreement that enables progress toward the
design and development of a PR.
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Program Elements

EVA DEVELOPMENT

The goal of the EVA development project is to provide a safe, reliable, and effective EVA capability that
allows astronauts to survive and work outside the confines of the base spacecraft in orbit or on the lunar
surface, in support of Artemis and other NASA human spaceflight programs.

The xEMU is designed to provide astronauts with enhanced mobility to accomplish their exploration
tasks on the lunar surface. It is also designed to be more comfortable when worn by male and female
astronauts with a wider range of physiological characteristics.

LUNAR TERRAIN VEHICLE

The LTV project will provide the unpressurized vehicle required for astronauts to explore the surface of
the Moon. The project will also explore capabilities required to allow remote use of the vehicle to perform
tasks on the Moon during periods where astronauts are absent from the lunar surface.

PRESSURIZED ROVER

The PR project will provide the means for astronauts to explore the surface of the Moon for long
durations beyond any previous capability. Specifically, the habitable volume built into the surface PR will
allow for long range reconnaissance missions.

Program Schedule

Date Significant Event
Q4 FY 2023 EHP KDP-I
Q2 FY 2024 EHP Program Sync Review

Program Management & Commitments
ESDMD manages the XEVA and HSM Systems activities.

Program Element Provider

Provider: Collins, Axiom
Lead Center: JSC
Performing Center(s): JSC
Cost Share Partner(s): TBD

xEVA
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Program Element Provider

Provider: TBD

Lead Center: JSC
Performing Center(s): JSC
Cost Share Partner(s): TBD

LTV

Provider: TBD

Lead Center: JSC
Performing Center(s): TBD
Cost Share Partner(s): TBD

Pressurized Rover

Acquisition Strateqy

Acquisition plans for all functions/elements of XEVA and HSM will be varied and depend upon specific
activities as this effort includes risk-reduction activities and studies.

NASA is using contracts with Axiom Space and Collins Aerospace to advance spacewalking capabilities
in LEO and on the Moon, by buying services that provide astronauts with next generation spacesuit and
spacewalk systems to work outside spacecraft, explore the lunar surface on Artemis missions, and prepare
for human missions to Mars.

The FY 2025 President's Budget does not mandate adjustments to contracts and agreements, and NASA
expects contractors and partners to perform to their contract/agreement dates.

MAJOR CONTRACTS/AWARDS

NASA selected Axiom Space for the task order for developing a spacesuit to enable lunar surface
activities, which has a base value of $228.5 million. A future task order will be competed for recurring
spacesuit services to support subsequent Artemis missions. Axiom Space will be required to test the suits
in a spacelike environment before Artemis III.

NASA has awarded a task order to Collins Aerospace to deliver a spacewalking system for use outside
the ISS. This award — the second under NASA’s EVAS contract — is for design and development of a
next-generation spacesuit and support systems. The task order has a base value of $97.2 million.
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INDEPENDENT REVIEWS

To evaluate the program's functional and
performance requirements, ensuring proper

System formulation and correlation with agency and
Requirements Standing mission directorate strategic objectives / To Prooram cleared
Review (SRR) / | Review Q3 FY evaluate the proposed program requirements and g

. . . to proceed to
System Board 2023 architecture; allocation of requirements to next phase
Definition (SRB) projects; assess the adequacy of project pre- p
Review (SDR) formulation efforts; determine if maturity of the

program's definition and plans are enough to
begin implementation
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
HLS Initial Capability 807.3 526.3 647.1 703.3 607.2 252.1 0.0
Human Landing System 578.8 - 1,249.0 13476 1,387.7 2,026.2 23347
Total Budget 1,386.1 - 1,896.1 2,050.9 11,9949 2,2783 2,334.7

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Left: Illustration of SpaceX’s Starship HLS, for use on
Artemis III and Artemis IV. Right: Illustration of
Blue Origin’s Blue Moon MK2 Lander, for use on
Artemis V.

The Human Landing System (HLS) is the mode of
transportation that will take astronauts to the lunar
surface as part of Artemis. HLS program is working
with U.S. industry to develop landers that will
safely take Artemis astronauts from Orion or
Gateway in lunar orbit to the surface of the Moon
and back to the waiting spacecraft. The HLS
program is also working with its industry providers
to develop cargo variants for the delivery of large
payloads such as pressurized rovers and habitats to
the lunar surface. Partnering with American
industry fosters a space-related economic
marketplace and maintains America's high-tech
industrial base while reducing costs to taxpayers.
NASA shares its knowledge and expertise with
industry and maintains oversight of safety while
companies develop, test, and iterate their lander
designs.

EXPLANATION OF MAJOR CHANGES IN FY 2025

Due to HLS award to Blue Origin being less than what NASA had estimated in the FY 2024 Budget,
NASA was able to realign funding from HLS to address other risks in the Exploration Systems
Development Mission Directorate portfolio without impact to the HLS program.

ACHIEVEMENTS IN FY 2023

In November 2022, NASA announced the exercise of Option B on SpaceX's existing HLS Next Space
Technologies for Exploration Partnerships 2 (NextSTEP-2) Appendix H contract. Under this award,
SpaceX will further develop its Starship Human Landing System to meet NASA’s sustaining lander

requirements for the Artemis IV mission.

NASA engaged in numerous product development and review activities to support the Sustaining Lunar
Development (SLD). In May 2023, NASA awarded Appendix P to Blue Origin under NextSTEP-2 to
develop a second commercial lander service that also meets NASA’s extended set of lander requirements.
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WORK IN PROGRESS IN FY 2024

For all HLS Capabilities, SpaceX and Blue Origin will continue to demonstrate that their human and
cargo landing systems are maturing to meet all system requirements with acceptable risk and within cost
and schedule constraints.

For Artemis III, NASA will continue to work with SpaceX to mature the Starship human landing system
with a focus on the Propellant Transfer Flight Test. For Artemis [V, NASA will continue to work with
SpaceX to mature its Starship human landing system including continuing the development of ECLSS
environment for a four-person crew. For Artemis V, NASA will continue to work with Blue Origin to
mature its Blue Moon Mark 2 human landing system.

NASA also authorized the execution of optional contract line items under both Appendix H and P to
develop human-class cargo delivery landers that leverage the human landing system designs.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

For Artemis III, SpaceX will continue development of Starship leading to CDR. For Artemis IV, SpaceX
will continue leveraging the Initial Capability development leading to a PDR of the Sustaining Capability
Starship. For Artemis V, Blue Origin will continue development of Blue Moon Mark 2 system including
CDR. Additionally, SpaceX and Blue Origin will continue development of large cargo landers with a
Certification Baseline Review (CBR) and PDR, respectively.

Program Elements

HLS PROGRAM MANAGEMENT

HLS Program Management is responsible for executing programmatic roles assigned by ESDMD. The
HLS Program Office will oversee all HLS verification, validation, and certification to ensure
requirements for flight readiness satisfy NASA’s standards for crew safety and human rating.

HLS Program Management is responsible for the insight and oversight activities in collaboration with
commercial partners associated with human landing system hardware development, integration, and flight
demonstration, leading to services that can be procured by NASA. HLS performs risk reduction activities
and identifies and prioritizes upgrades to the human landing systems so they can support sustainable
future exploration missions. HLS includes a lander ground operations office at KSC, and both a crew
compartment office and a lander flight operations office at JSC. HLS prioritizes and coordinates
collaboration resources across multiple NASA centers and manage major integrated system test activities,
as applicable.

HUMAN LANDING SYSTEMS - INITIAL CAPABILITY

NASA currently has a contract (NextSTEP-2 Appendix H Option A) with SpaceX to develop its
Starship HLS to land astronauts on the Moon during the Artemis III mission. Starship will dock with
Orion in lunar orbit, two crew members will transfer from Orion to Starship, and descend to the surface.
There, the crew will collect samples, perform science experiments, and observe the lunar environment
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before returning in Starship to Orion in lunar orbit. Prior to the crewed Artemis III mission, SpaceX will
perform an uncrewed landing demonstration mission on the lunar surface.

HUMAN LANDING SYSTEMS - SUSTAINING CAPABILITY

NASA has also awarded a contract (NextSTEP-2 Appendix H Option B) to SpaceX to further develop its
Starship HLS for the Artemis IV mission to meet an extended set of requirements, such as docking with
Gateway for crew transfer and landing more mass on the lunar surface. Concurrently, NASA has awarded
a contract (NextSTEP-2 Appendix P) to Blue Origin and its partners to develop its Blue Moon lander to
meet the same set of extended requirements for use during the Artemis V mission. Blue Origin will also
perform an uncrewed demonstration mission prior to the crewed Artemis V mission.

Program Schedule

Date Significant Event

2025 Uncrewed HLS demonstration to the lunar surface with SpaceX Starship

Sep 2026 Artemis III: Crewed HLS demonstration to the lunar surface with SpaceX
Starship

Sep 2028 Artemis [V: Crewed HLS demonstration to the lunar surface with SpaceX
Starship that meets extended lander requirements

Program Management & Commitments

Program Element Provider

Lead Center: MSFC

HLS Program Management .
Performing Center(s): ARC, GRC, LaRC, GSFC, SSC, JSC, KSC

Provider: SpaceX (Artemis III)
HLS - Initial Capability Lead Center: MSFC
Performing Center(s): ARC, GRC, LaRC, GSFC, SSC, JSC, KSC

Providers: SpaceX (Artemis IV) and Blue Origin (Artemis V)
HLS - Sustaining Capability Lead Center: MSFC
Performing Center(s): ARC, GRC, LaRC, GSFC, SSC, JSC, KSC

Provider: SpaceX and Blue Origin
Cargo Landers Lead Center: MSFC
Performing Center(s): ARC, GRC, LaRC, GSFC, SSC, JSC, KSC
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Acquisition Strateqy

The HLS program utilizes the NextSTEP Broad Agency Announcement (BAA) contract vehicle. Through
this approach, NASA can award firm-fixed-price, milestone-based proposals to enable rapid development
of a crewed flight demonstration of the HLS.

MAJOR CONTRACTS/AWARDS

NextSTEP-2 Appendix H BAA Option A: Selected SpaceX of Hawthorne, California firm-fixed price,
milestone-based contract total award value is $2.89 billion. SpaceX is developing the Starship — a fully
integrated lander that will use the SpaceX Super Heavy rocket.

NextSTEP-2 Appendix H BAA Option B: Selected SpaceX of Hawthorne, California. NASA has
awarded SpaceX a $1.15 billion contract to develop an upgraded version of its Starship lunar lander and
fly a second crewed mission.

NextSTEP-2 Appendix N BAA: NASA awarded a total of $146 million to five U.S. companies to mature
sustainable human landing system concepts, conduct risk-reduction activities, and provide feedback on
NASA'’s requirements to cultivate industry capabilities for enabling a steady pace of crewed trips to the
lunar surface under the agency’s Artemis return to the Moon. The awardees include SpaceX, Blue Origin,
Dynetics, as well as Lockheed Martin and Northrop Grumman.

NextSTEP-2 Appendix P BAA: Selected Blue Origin of Kent, Washington. The total award value of the
firm-fixed price contract is $3.4 billion. Blue Origin is developing the Blue Moon lander to meet NASA's
sustaining landing development requirement.

INDEPENDENT REVIEWS

. Date of
Review Type Performer Review Purpose Outcome

To evaluate the completeness / consistency of
the planning, technical, cost, and schedule
baselines developed during formulation; assess

Standing Review | Spring compliance of the preliminary design with Approved

HLS program

Board (SRB) 2022 applicable requirements; and determine if the
project is sufficiently mature for HLS program
KDP-C
HLS Initial To approve transition from formulation to
Capability APMC Nov 2023 pp Approved

implementation

KDP-C
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FY 2025 Budget

Op Plan CR Request
[Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
Formulation 1,860.2 6789 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,539.0
Development/Implementation 0.0 1663 232.2 711.0  600.7 3593 269.5 0.0 0.0 2,339.0
Operations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2024 MPAR LCC Estimate 1,860.2  845.2 232.2 711.0  600.7 3593  269.5 0.0 0.0 4,878.0
Total Budget 1,860.2  807.3 526.3 647.1 703.3 607.2 2521 0.0 0.0 5,403.5

The 2024 MPAR LCC Estimate reflects the Fiscal Year 2024 Quarter 1 Financial Report, which is current as of
January 2024. The requested budget authority is the project's current budget requirements.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

The Human Landing System (HLS) Initial
Capability supports Artemis III, the first Artemis
lunar landing mission. In April, NASA awarded
a contract for the full development of an initial
lander capability to SpaceX (NextSTEP-2
Appendix H, Option A).

PROJECT PARAMETERS

The objective of the HLS Initial Capability is to
facilitate the rapid development and
demonstration of a U.S. landing system that will
deliver the first astronaut crew to the surface of the Moon in more than 50 years. The Option A contract
scope of work includes both an uncrewed and crewed lunar landing demonstration of the SpaceX Starship
human landing system. For all Artemis missions, the agency’s Space Launch System rocket will launch
four astronauts aboard the Orion spacecraft for their multi-day journey to Lunar orbit. For the Artemis 111
lunar return mission, two crew members will transfer to the SpaceX Starship for the final leg of their
journey to the surface of the Moon. The uncrewed demonstration will prove out landing capabilities prior
to the crewed mission with astronauts. During the Artemis III mission, the HLS Starship will first dock
with Orion spacecraft in lunar orbit to receive the crew, after which it will safely descend to the lunar
surface with two astronauts for approximately a week. During this time, the crew will perform lunar
surface extra-vehicular activity, conduct science objectives, and collect materials from the surface. The

Artist’s rendering of SpaceX Starship human lander
design.
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HLS Starship will then ascend from the surface to lunar orbit to return to Orion and their colleagues
before heading back to Earth.

ACHIEVEMENTS IN FY 2023

As part of the HLS Starship development activities, SpaceX conducted key design reviews and testing of
various systems. SpaceX conducted Starship's first orbital launch attempt in April 2023.

WORK IN PROGRESS IN FY 2024

SpaceX conducted Starship's second orbital launch flight in November of 2023. SpaceX is targeting the
third orbital test flight for early calendar year 2024. SpaceX will continue Starship's in-orbit fuel transfer
capability development.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

For Artemis III, SpaceX plans to complete several test flights including propellant transfer no earlier than
Nov 2024, long duration flight, and uncrewed lunar landing development.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date FY 2025 PB Request
KDP-C Nov 2023 Nov 2023
CDR Aug 2025 Aug 2025
ORR/FRR Oct 2027 Oct 2027
LRD/IOC/IC Feb 2028 Feb 2028

Development Cost and Schedule

The establishment of HLS Initial Capability Agency Baseline Commitments of Feb 2028 for HLS Lunar
Orbit Checkout Review (LOCR) in support of Artemis III, represents a risk informed posture that
encompass potential issues and not target launch dates. JCL are used to track program performance.
NASA continues to manage to a more aggressive schedule than the LRD in the JCL.
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2023 2,338.9 70 2023 2,338.9 0 LOCR Feb 2028 Feb 2028 0

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic
estimation techniques and processes. Estimate reflects the practices and policies at the time it was developed.
Estimates that include combined cost and schedule risks are denoted as JCL (joint confidence level); all other CLs

(confidence levels) reflect cost confidence without necessarily factoring the potential impacts of schedule changes
on cost.

Development Cost Details

Launch Vehicle/ Services | 2,338.9 2,338.9 0

Project Management & Commitments

Initial Capability through Provider: SpaceX
services contract includes one | Lead Center: MSFC

HLS Starship uncrewed and one crewed Performing Center(s): ARC, GRC,
human 1an<1ing LaRC, GSFC, SSC, JSC, KSC
demonstrations Cost Share Partner(s):
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Project Risks

Both SpaceX and Blue Origin use long duration storage and
transfer of cryogenic propellants within their architectures to
meet NASA requirements. Each provider is utilizing a
combination of ground and flight tests along with NASA Tipping
Point projects to gain understanding of the complexities and
reduce the risks associated with cryogenic propellant storage and
transfer.

In-space cryogenic propellant storage and
transfer

Acquisition Strateqy

NASA utilized the NextSTEP Broad Agency Announcement (BAA) contract vehicle with the Appendix
H solicitation for the initial landing development. Option A, the firm-fixed-price, milestone-based
procurement for flight and landing demonstrations of initial human landing systems was awarded to
SpaceX.

MAJOR CONTRACTS/AWARDS

Launch Vehicle/Services SpaceX California/Texas/Florida
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 140.3 -- 140.2 123.0 163.1 170.9 171.0

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Advanced Exploration Systems (AES) is a
portfolio of activities within the Mars Campaign
Office (MCO) of the Moon to Mars (M2M)
program that develops high-priority
technologies and capabilities, which will be
infused into prototype systems that will be used
in future human spaceflight missions. These
technologies and capabilities are developed
using a combination of in-house activities and
industry collaborations. The AES portfolio
matures exploration capabilities and transit
solutions to enable deep space missions,
including capabilities that enable sustained

The CHAPEA mission 1 crew poses with a flag featuring surface missions on the Moon and Mars.
their mission patch surrounded by their signatures (from

, .
left to right: Anca Selariu, Nathan Jones, Kelly Haston, To enable NASA's .Aljtemls program and
Ross Brockwell). The flag will hang outside the habitat for eventual crewed missions to Mars, the MCO

the duration of their mission. uses the AES portfolio to invest in the
development and demonstration of high-priority
technologies and capabilities to reduce risk, lower life cycle cost, and validate operational concepts for
future human missions, with an emphasis on filling high priority technology gaps identified by the agency
Strategic Capabilities and Leadership Teams (SCLT), Agency Principal Technologists, and the M2M
program. The agency identifies and addresses potential risks by performing early validation and
ground/flight testing of technologies in the Technology Readiness Level (TRL) three through five range
prior to integration into planned operational systems. To evaluate the technologies, capabilities, and
systems required for deep space missions, MCO is employing a phased approach in the AES portfolio by
testing technologies on Earth, in LEO, in lunar orbit, and on the lunar surface. This approach is intended
to accelerate technology development and infusion into operational programs while minimizing cost
growth to improve affordability of future space exploration. AES focuses on advancing the technologies
that will foster a sustainable presence on the Moon and Mars and enable a lasting presence utilizing
reusable systems.

MCO will continue to coordinate with STMD on identifying and addressing knowledge gaps and
delivering fundamental capabilities to enable the Moon to Mars Objectives.

EXPLANATION OF MAJOR CHANGES IN FY 2025

Content previously managed in Mars Campaign Development (MCD), has been reallocated between the
MCO within the M2M program and the Strategy & Architecture Office (SAO) in ESDMD. All content
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associated with the Systems Engineering and Integration (SE&I) across ESDMD programs to support
requirements development and configuration control of ESDMD level systems engineering and
integration documentation, and early M2M Program Element initiation has been transferred to the SAO.
The Exploration Capabilities program content was moved under the AES portfolio of activities within
MCO and restructured into six Program Elements: Environmental Control and Life Support Systems
(ECLSS), Crew Health and Performance (CHP), Earth Independent Operations (EIO), Transportation and
Vehicle Systems, Surface Systems and Environments, and Science and Infrastructure, to be more
reflective of Artemis mission needs, goals, and objectives, consistent with requirements identified by the
M2M programs and the ESDMD SAO.

ACHIEVEMENTS IN FY 2023

In support of NASA's goal of extending human space exploration beyond LEO, AES continued
development of reliable life support systems, deep space habitats, and overall capabilities reducing
logistics requirements necessary to support sustainable human spaceflight missions and eliminating
dependencies on frequent resupply from Earth.

AES continued upgrades to the Urine Processor Assembly (UPA) and Water Processor assembly (WPA)
to improve reliability, maintainability, and mass reduction for the exploration ECLSS water revitalization
system. The team completed analysis of two returned International Space Station (ISS) Brine Processor
Assembly (BPA) bladders to verify the amount of water recovered from brine. By combining this data
with data from the UPA and WPA water reclamation systems, the team was able to show that the three
systems combined can achieve a 99 percent water recovery rate, meeting the requirements of 98 percent
water recovery goal for future Mars transit missions.

On June 25, 2023, Crew Health and Performance Analog (CHAPEA) began their four-person crew, 378-
day analog mission. The team reached the 100-day milestone on Oct. 3, 2023. This analog mission will
assess crew health and performance during a typical Mars analog mission with prepackaged food and
some fresh crops while carrying on typical Mars mission activities such as simulated Extra Vehicular
Activities (EVA), controlling drones, doing science, meeting with flight surgeons, with a crew of the
same four individuals. The data from the analog could tell us whether fresh crops significantly improve
performance and should be designed into Mars vehicles and what type of performance we can expect
from crews consuming the prepackaged foods on these missions.

The Ohalo III facility is being designed and built at KSC to fly on ISS in the FY 2026 timeframe to
demonstrate plant growth approaches in micro and low gravity. Two grants were awarded through the
Research Opportunities in Space Biology to develop plant growth trays that will utilize the Ohalo 111
facility to demonstrate novel approaches to plant growth in space and provide better nutritional and
psychological benefits for crew on long duration missions.

ISS flight demonstrations of advanced CO, removal and the environmental monitoring system, as well as
ground based advanced ECLSS testing, and development progressed. The Four Bed CO; ISS Tech
Demonstration was successfully upgraded with new Calnetix blower. The Calnetix blower replaced the
legacy obsolete Honeywell blower used in the carbon dioxide removal assembly and put the system
within reach of its exploration CO, removal performance goal. Improvements planned for FY 2024 are
expected to enable the system to fully reach its performance goal. AES Spacecraft Atmosphere Monitor
(SAM) Technology Demonstration Unit (TDU)2 with Trace Gas Capability was completed and delivered
on August 11, with an anticipated launch date in early FY 2024. SAM2 will be the first instrument
capable of measuring the major constituents trace contaminants in the air.
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The BioMole Water Microbial testing flight demo launched on August 1, 2023 on NG-19. This
technology leverages the MinlON DNA sequencer which is already in use on ISS to test surfaces for
microbial growth. This flight demo will expand the MinlON’s capability to the testing of potable water
samples. Currently water samples are sent to the ground for analysis; having the capability to conduct
microbial testing on orbit will fill an enabling gap for Mars transit. The tech demo usefully completed its
first round of testing, demonstrating the on-orbit capability for potable water microbial testing for the first
time.

The Spacecraft Fire Safety Project Saffire-VI experiment successfully launched August 1, 2023 on
Northrop Grumman (NG)-19. Saffire-VI is the last in the line of Saffire fire safety experiments developed
to continue investigating material flammability risks that will be faced by the crew on NASA's long
duration exploration missions, especially at reduced pressure and higher oxygen concentrations. This data
will be used to validate models of material flammability in zero-g. Spacecraft Fire Safety is working
towards Lunar-g demonstrations on Flight Opportunities program sub-orbital flights and Commercial
Lunar Payload Services (CLPS) flights for fire safety data in the lunar environment.

The Lunar Combustion Investigation (LUCI) will execute on a Flight Opportunities flight on New
Shepard to study flammability in simulated lunar gravity. Fabrication of LUCI hardware was completed,
and environmental testing began May 10th. The LUCI payload is expected to launch in summer 2024.

In partnership with ESA, AES continued flight unit build activities of the Enhanced European Exploration
Exercise Device (E4D) multi-purpose exercise equipment and its associated vibration isolation system
and software. This device is being developed for crew use to maintain physical fitness on long missions.
Physical exercise is the most effective way to counteract the adverse effects of microgravity on the human
body and is part of the daily routine for astronauts in orbit. E4D will be the first multi-modal exercise
device used in space that has a servo motor as its force delivery system. Using electronics to deliver a
load onto a human requires extra level of safety and testing. The team completed preliminary testing in
accordance with a joint NASA/ESA Safety Review Board.

AES launched four CubeSats on Artemis I: BioSentinel, Near Earth Asteroid (NEA) Scout, Lunar
IceCube, and Lunar Infrared Imaging (LunIR) to help answer strategic knowledge gaps associated with
the Moon, asteroids, and effects of space radiation on biological systems; and develop capabilities for
deep space CubeSats, enabling future missions for academia and industry. The BioSentinel CubeSat has
continued in its solar orbit trailing Earth, collecting solar radiation data beyond its initial design life. It has
completed mission operations and successfully conducted a communication beacon test and is scheduled
for retirement in January 2024. The remaining CubeSats were not operational and project teams
concluded mission operations.

The majority of the project Polaris activities have concluded. Polaris began with the selection of 10
proposals for small activities performed by the NASA centers to fill capability gaps and provide hands on
experience to early career NASA employees. The teams completed a scale demonstration on Earth of the
50-meter robotic tower assembly. Completed integration with informatics into the heads-up display
engine, which is now available for infusion into industry. Testing of the irradiated test displays to look for
degradation was completed, and the work has transitioned into the Extravehicular Activity and Human
Surface Mobility (EHP) program for additional system development. The Data Planning and Control Tool
was completed and infused into the Huntsville Operations Support Center. Laser Processed Heat
Exchanger coatings completed and qualified a vender and processes to fabricate silver coated heat
exchangers that resist biofilm growth.
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WORK IN PROGRESS IN FY 2024

AES will continue development of ground and flight experiments to investigate long duration support for
landing humans on the Moon and establishing a sustainable, long-term presence there.

AES will focus on the key critical technologies required to enable Mars missions, using Lunar missions
and infrastructure as testbeds. Testing new ECLSS component options and conducting

critical demonstrations for autonomous control of integrated ECLSS will continue. SAM2 TDU launched
in November and will begin operations on ISS.

Technology such as the Biomole portable water microbial test flight developed to test surfaces for
microbial growth on ISS will begin operations for the detection of microbial growth in the potable water.

Development and reliability testing of the ISS Universal Waste Management System (UWMS) toilet will
progress in preparation for future exploration missions. The logistics reduction project will demonstrate
trash compaction and processing options for make/buy decision in 2024. Space Radiation early detection
models will be refined. The team will begin operations, flight data analysis and integration with Space
Weather radiation analysis modeling tools for Gateway and HLS radiation shielding requirements.

The Fire Safety team began Saffire VI operations in December 2023 to investigate flammability of
materials in microgravity. Four material samples are enclosed in the Saffire-VI chamber launched aboard
NG-19 and will be ignited after Cygnus undock. Data and images will be captured and downlinked which
will help validate models of flammability that can then be used by programs to assess material selections
for spacecraft and suits in various Exploration Atmospheres.

The E4D multi-purpose exercise equipment and its associated vibration isolation system and software
developed for crew use to maintain physical fitness on long missions will be delivered July 2024.

CHAPEA will complete its first mission, debrief, and begin preparation for mission 2 (including crew
selection, and food production). Ohalo III will continue development of its ISS facility in preparation for
launch in FY 2026. The Exploration Medical team will continue development and testing of exploration
medical capabilities to support long term crew health needs, e.g., medical systems such as on demand
generation of IV fluids and in-flight Exploration Electronic Health Record (xEHR) system on ISS use on
long-duration missions and perform radiation testing of pharmaceuticals.

In FY 2024, AES will complete CAPSTONE operations. CAPSTONE is a CubeSat weighing 55 pounds,
designed to test innovative navigation technologies in a dynamic halo-shaped orbit in Near Rectilinear
Halo Orbit (NRHO) for risk reduction of future spacecratft.

Remaining Polaris activities extended into FY 2024 will sunset. ASTRA will fly as a guest on a
commercial satellite scheduled for launch in early 2024. The goal is to mirror fault detection isolation and
controls of the spacecraft to ground controllers. Multi-function nano sensors will be testing against KSC's
launch leak detection systems to baseline performance against field designed systems. The bioremediation
project is targeted to fly to the ISS in late 2024. Spaceflight Autonomous Multigenerational Microbial
Gene Sequencer is continuing its efforts and will be completed in March 2024. Radiation Assessment
During Exposure and Long Duration Spaceflight (RadReads) continues development and is scheduled to
complete bench testing this fiscal year.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

In FY 2025, AES will continue current developments of ground and flight experiments to investigate long
duration support for landing humans on the Moon and establishing a sustainable, long-term presence there
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and it will add key critical technologies identified by the architecture team required to enable Mars
missions, using Lunar missions and infrastructure as testbeds.

AES will expand technology development requiring lunar precursors into Communications, Position,
Navigation, and Timing, including development of reliable, long-distance, and high-bandwidth surface to
surface communications. AES will also add development into dust mitigation, Earth-independent
operations, and crew health and performance for years in microgravity.

For Mars-unique technology investments, AES intends to increase activities and partnership opportunities
in Earth-Mars transportation systems, including nuclear, chemical, and hybrid systems. Growth areas also
include entry, descent, and landing technologies, an optimized EVA suit for Martian environments, and
zero-boil off cryogenic storage and transfer.

ISS flight demonstrations for the smaller version of the mini-Total Organic Carbon Analyzer
(MiniTOCA), and upgrades to the ISS oxygen generation and CO, resource recovery systems are planned
for 2025.

On orbit utilization of E4D on ISS is expected to begin in 2025.

Development efforts of Ohalo III in preparation for launch to ISS in FY 2026. Ohalo III will demonstrate
a potential Mars Exploration crop growth facility for Transit Hab.

Program Elements

ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEM (ECLSS)

Habitation Systems delivers the fundamental capability to provide integrated life support systems,
environmental and crew health monitoring, radiation forecasting and protection, fire-safety, and systems
to manage food, waste, clothing, and tools that enable astronauts to carry out NASA’s mission in space
and on other worlds. AES focuses on developing key habitation systems to enable the crews to live and
work safely in space, with an initial focus on lunar missions, and extensibility to Mars. Activities include
life support systems and logistics reduction.

CREW HEALTH AND PERFORMANCE

These activities include development of countermeasures such as exercise equipment to maintain crew
fitness on long missions, food systems such as crop production to provide nutritious food for the crew,
development of diagnostic sensors for remote medical care, and models of human physiology to predict
crew fatigue and injuries when performing EVA.

Experiments to improve spacecraft fire-safety are also under way to better understand how fire spreads
and how to recover from fire events in lunar gravity. These investments will progressively move from
habitation subsystems to integrated systems and then be infused into deep space exploration elements and
system designs.

AES works with the ECLSS-CHP Strategic Capabilities Leadership Team (SCLT) to follow road maps
developed within the SCLT that show planned infusion into future exploration systems, such as Surface
Habitat and Mars Transit Habitat. The Road Maps show clear paths of development and testing leading to
adoption by future missions, aligned with agency program milestones, and contain both funded and
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unfunded work. These Road Maps assist in prioritization and assessing the impacts of development delays
to agency milestones.

EARTH INDEPENDENT OPERATIONS (EIO)

For Mars EIO will deliver technologies to provide capabilities to mitigate risks associated with reduced
ground support. The missions to Mars will incur significant round-trip communication delays (as long as
40-70 minutes), lack of resupply opportunities, and no evacuation options. Human rating requirements
state that crew and vehicle systems must be able to perform certain critical operations independent of
support from the ground. The EIO portfolio will pursue a hybrid approach, combining current large data
analytics with traditional rule-based system modeling approaches to provide situational awareness and
diagnostics support to crew for time- and safety-critical operations.

EIO will deliver technologies that provide for integrating systems for data, sensing, in-space analytics,
diagnostics support, and procedure execution. The developed operational products will use state of the art
technologies in artificial intelligence, machine learning, sensor fusion, and data visualization.

Program Schedule

Date (FY) Significant Event

Under Review Demonstrate trash compaction and processing options

Dec 2023 Conducted Saffire—VI fire safety experiment

Apr 2024 Ohalo Engineering Unit assembly complete

Jul 2024 Complete CHAPEA Mission 1

Aug 2024 Execute LUCI experiment in simulated lunar gravity on New Shepard

FY 2024 Complete CAPSTONE. operations in Near Rectilinear Halo Orbit (NRHO) to demonstrate
pathfinder lunar operations for Gateway

Program Management & Commitments

Exploration Systems Development Mission Directorate’s Associate Administrator delegated management
authority, responsibility, and accountability to the MCO via the M2M Program at NASA HQ. The MCO
establishes overall direction and scope, budget, and resource allocation for activities implemented by the
NASA centers.

Program Element | Provider

Provider: NASA Centers
Lead Center: HQ
ECLSS Performing Center(s): JSC, MSFC, ARC, GRC, LaRC, KSC, and JPL

Cost Share Partner(s): Bigelow Aerospace, Boeing, Lockheed Martin, Orbital ATK, Sierra
Nevada, NanoRacks (NextSTEP), Dynetics, and UTC Aerospace Systems (UTAS)
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Program Element

Provider

Provider: NASA Centers

Infrastructure

Crew Health & Lead Center: JSC
Performance Performing Center(s): JSC
Cost Share Partner(s): N/A
Provider: NASA Centers
EIO Lead Center: Various NASA Centers
Performing Center(s): JSC, MSFC, ARC, GRC, KSC, SSC and JPL
Vehicle Systems TBD
Surface Systems TBD
and Environments
Science and TBD

Acquisition Strateqy

Each year, MCO evaluates how the AES portfolio aligns with human exploration priorities and
technology gaps and either terminates or realigns activities that do not demonstrate adequate progress.
MCO also adds new activities to the AES portfolio, as appropriate. MCO will continue to utilize this
process to identify and evaluate risk-reduction activities needed in support of lunar and future Mars
missions. The AES portfolio strives to maximize specialized skills within the civil service workforce, but
it may also utilize contractor effort in areas where NASA can leverage external skills and knowledge in a
cost-efficient manner. AES will also use the Small Business Innovation Research program to engage
small businesses for risk reduction and technology maturation. AES continues the use of competitively
selected external awards and industry collaborations. Upgrades to existing ISS life support systems will

use existing contracts.
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MAJOR CONTRACTS/AWARDS

Element

Vendor

Location (of work performance)

Habitation Systems (ECLSS): Brine
Water Processor

Paragon

Tucson, AZ; MSFC

Habitation Systems (ECLSS): Thermal
Amine CO; Scrubber

Collins Aerospace

Windsor Locks, CT

Habitation Systems (ECLSS): Oxygen
Generation Assembly

Collins Aerospace

Windsor Locks, CT

Habitation Systems (ECLSS): Water
Processor Assembly

Collins Aerospace

Windsor Locks, CT

NextSTEP Broad Agency
Announcement Awards

Boeing, Bigelow Aerospace,
Lockheed Martin, Orbital ATK,
and Dynetics

JSC; MSFC; KSC

INDEPENDENT REVIEWS

The MCO undergoes quarterly Directorate Program Management Council reviews, annual M2M Control
Board status briefing, and periodically, representatives from the Office of Chief Engineer, the Office of
Safety and Mission Assurance, and the Office of Chief Financial Officer will assess AES performance
during agency-level Baseline Performance Reviews. In addition, the MCO provides briefing reports to,
and seeks feedback on planning and development activities from, the NASA Advisory Council's Human
Exploration and Operation Committee and Technology Committee on the AES portfolio.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Strategy & Architecture 48.3 -- 71.2 137.4 64.1 65.5 66.7
Future Systems 522 -- 45.9 126.7 238.8 303.8 788.8
Total Budget 100.5 -- 117.1 264.1 303.0 369.3 855.5

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The overarching goal of the Human Exploration Requirements
& Architecture (HERA) theme is to identify the exploration
objectives, systems, and infrastructure required for Artemis
missions that will inform future missions to Mars. It also
works to ensure that lunar exploration systems are extensible
to Mars exploration where technically feasible and cost-
effective to do so. These program objectives support the
National Space Policy of 2020, the Space Priorities
Framework of 2021, as well as the agency's Strategic Goal 2,
Shown here is an artist's rendition of which seeks tq extend human presence to the Moon and onto
astronauts utilizing systems on the surface Mars for sustainable long-term exploration, development, and
of Mars. utilization.

HERA manages the architecture strategy activity that supports
NASA's Moon to Mars Goals & Objectives and overall architecture requirements and capability
identification. HERA conducts an annual Agency Architecture Concept Review to gain concurrence on
the current state of architecture planning, driven by Moon to Mars Objectives, which were formally
established in September 2022. This program is responsible for the configuration management, definition,
and development of the human exploration strategy in support of ESDMD including the integration and
support of other mission directorates, centers, and both internal and external stakeholders.

Future Systems leads the pre-formulation of elements identified by the architecture strategy to enable
consistent initiation processes. These elements are managed by Future Systems through their initial
program or project formulation milestone and then transitioned to implementing programs for
development.

EXPLANATION OF MAJOR CHANGES IN FY 2025

Content previously managed in Strategy & Architecture that is more closely associated with the Systems
Engineering and Integration (SE&I) of the Moon to Mars effort have been transferred to that office to
better align the support. Functions associated to support requirements development, configuration control
of ESDMD level systems engineering and integration documentation, and support to technology projects
specific to ESDMD have been transferred to the Advanced Exploration Systems, Mars Capability Office,
and SE&I programs.

DEXP-77



Deep Space Exploration Systems: Human Exploration Requirements & Architecture

STRATEGY & ARCHITECTURE

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 48.3 -- 71.2 137.4 64.1 65.5 66.7

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Strategy & Architecture program is responsible for the
integration of the Moon to Mars architecture and the human
spaceflight exploration strategy across ESDMD. Strategy &
Architecture is responsible for defining the agency's approach for
lunar and Mars exploration. This includes the integration across
many key components of human space such as transportation,
habitats, robotics and mobility, and landing. This program is
responsible for maintaining the configuration control and
management of the overall baseline exploration architecture for the
agency and the engagement and integration with other mission
directorates, international partners, and external stakeholders among
others in service of that effort. In the near term, Strategy &

8 | Architecture is conducting trade studies to reduce risk and identify
Strategy & Architecture will required technologies to be utilized as part of the Artemis Campaign
collaborate with programs across and act as precursor systems for potential future Mars missions.
NASA to design the roadmap for
future long-term human
exploration.

Strategy & Architecture also maintains the science, technology,
utilization, and integration required to support ESDMD in Artemis
missions and future exploration planning, which includes the
following activities:

e Capability integration for planning and gap analyses of capabilities required for future exploration
missions; and
e Science and technology utilization for coordination and planning for future exploration missions.

The Strategy & Architecture team also oversees the agency's habitation strategy using the Next Space
Technologies for Exploration Partnerships (NextSTEP) Broad Agency Announcement (BAA) process, a
public-private partnership model seeking commercial development of deep space exploration capabilities
to support human spaceflight missions. The multiple phases of NextSTEP are informing NASA's notional
future deep space, long duration habitation capability.

EXPLANATION OF MAJOR CHANGES IN FY 2025

Content previously managed in Strategy & Architecture more closely associated with the Systems
Engineering and Integration (SE&I) of the Moon to Mars effort have been transferred to better align the
support. Functions associated to support requirements development and configuration control of ESDMD
level systems engineering and integration documentation, and support to technology projects specific to
ESDMD have been transferred to the Advanced Exploration Systems, Mars Capability Office, and SE&I
programs.
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ACHIEVEMENTS IN FY 2023

The inaugural Architecture Concept Review was held in January
2023, with the purpose of helping unify the agency, promote advocacy
for the architecture, and generate inputs from across NASA. It focused
on the initial capabilities, systems, and operations necessary to re-
establish human presence on and around the Moon by synchronizing
the Moon and Mars architecture, documenting the functional needs of
the architecture, and in some cases, identifying gaps in current system
capabilities necessary to accomplish the functional needs. This effort . frias
resulted in the publication of the Architecture Definition Document
and supporting material to communicate the agency strategy across
the multitude of stakeholders.

NASA'S MOON TO MARS ARCHITECTURE

The Architecture Concept

A Strategic Analysis Cycle (SAC) was also conducted in FY 2023 Review process and results were
with the goal of prioritizing the work and studies, coordinate with published in April 2023.
industry and international partners, and identify and resolve gaps in
the architecture to achieve progress.

NASA led architecture workshops in June and August 2023 in which the agency invited international
space agencies, U.S. companies, academic institutions, and other government agencies to review and
provide feedback on the agency's Moon to Mars architecture approach. This feedback was considered and
addressed in preparation for the update and revision of the agency architecture approach and in support of
the 2023 Architecture Concept Review.

WORK IN PROGRESS IN FY 2024

The Strategy & Architecture program will continue developing the detailed, integrated systems design
studies needed to prepare for a human mission to Mars. Through a rigorous systems engineering focused
process, Strategy & Architecture will identify potential lunar surface systems, operations, and
technologies that will help NASA and industry identify a commercial logistics capability path to support
future lunar surface activities. In addition, extensions of NextSTEP Appendix A are informing NASA’s
conceptual future deep space, long-duration habitation capability.

In November 2023, the annual Architecture Concept Review will provide an updated Moon and Mars
architecture with the goal of documenting additional details for missions, including elements provided by
international partners and industry providers by focusing on the initial capabilities, systems, and
operations to establish human presence on Mars and continued exploration. The program will also
continue to address trade studies, analysis, and assessments to support the definition of Mars driving
decisions, architectural alternatives, and strive to inform the agency technology and development
processes to ensure efficiency and prioritization of efforts.

Program efforts will determine the concepts and potential solutions that will best support accomplishing
the Moon to Mars objectives and initiate activities for pre-formulation as opportunities allow. Element
initiation will occur when achievable solutions are identified to address the needs of the exploration
enterprise. In addition, the effort will conduct risk-reduction studies to identify required lunar surface
technologies to be utilized on the lunar surface and act as precursor systems for potential future missions.
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KEY ACHIEVEMENTS PLANNED FOR FY 2025

Strategy & Architecture will conduct risk reduction activities to identify risks, capability gaps, and
requirements to ensure mission success across NASA.

The yearly Architecture Concept Review will provide an updated Moon and Mars architecture with
increasing definition and evolution as formulation and acquisition activities occur. The process will
ensure continuity in the architecture evolution and incorporation of new technologies, opportunities and
best practices as systems develop and progress.

Program Schedule

No formal commitment dates.

Program Management & Commitments
ESDMD manages the Strategy & Architecture activities.

Acquisition Strateqy

None.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

To be determined.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 52.2 -- 45.9 126.7 238.8 303.8 788.8

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Future Systems program manages and
integrates the systems that NASA will use
throughout the Artemis Campaign to access and
explore the surface of the Moon.

Future Systems formulates the systems necessary
to achieve the Moon to Mars Objectives as
identified through architectural analysis. These
systems, including transportation, habitation, or
other supporting infrastructure, will provide
capabilities to enable future Artemis missions and
exercise analog capabilities to prepare for future
Mars missions. Future Systems will utilize initial
studies and pre-formulation activities to establish
initial element system requirements. As these
technologies and systems mature, they will be the building blocks for the capability to extend stays on or
around the Moon. Future Systems is responsible for the pre-formulation phases of elements to support the
Moon to Mars Architecture through integration of mission concepts, identification of key driving
requirements, and analysis of alternatives to enable consistent project or program definition for ESDMD.
Once they enter into the formulation phase of the project development lifecycle, management of new
systems will be transferred to the Moon to Mars Program Office.

Shown here is an artist rendition of future systems
including the Foundation Surface Habitat to enable long
duration stays on the lunar surface.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

The Strategy & Architecture Office initiated studies to provide context for how near-term lunar activities
will inform future missions to Mars. The office successfully conducted the Element Initiation review for
both an initial surface habitation capability and small-scale partner-provided lunar surface cargo lander.
These elements were derived from the needs articulated in the Moon to Mars Architecture Definition
Document, with potential to support the Artemis missions through further definition and formulation.

Through a partnership with the Korea Aerospace Research Institute (KARI), the ShadowCam flight
instrument launched on the Korea Pathfinder Lunar Orbiter (KPLO), also known as Danuri, in 2022. By
collecting high-resolution images of the Moon’s permanently shadowed regions, ShadowCam will
provide critical information about the distribution and accessibility of water ice and other volatiles at
spatial scales required to mitigate risks and maximize the results of future exploration activities. NASA
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provided ShadowCam with Deep Space Network lunar navigation and trajectory assistance. Since Danuri
entered lunar orbit in December 2022, ShadowCam has been routinely capturing images of the lunar
North and South Pole regions with standout images in unprecedented detail.

WORK IN PROGRESS IN FY 2024 >

Future Systems will continue formulation of key |
elements required for sustainability. Efforts will ‘
focus on definition and project integration

leading to Mission Concept Reviews and
element definition to support transition to the
Moon to Mars Program or appropriate parties for
implementation in addition to completion of the
initial project milestones for an initial lunar
surface habitation element and partner provided {
small lunar surface cargo lander. The image above shows the broader area surrounding
the Marvin crater, which is about 16 miles (26
kilometers) from the South Pole.

KEY ACHIEVEMENTS PLANNED FOR
FY 2025

Future Systems will continue conducting risk-reduction activities to further develop key elements of the
Artemis plan for the lunar missions, as well as continue to leverage commercial and international interest.
As element definition is completed, Future Systems efforts will transition to the next highest priorities as
defined by the Strategy & Architecture office and approved by the Associate Administrator for ESDMD
for development. Potential activities include enabling systems and capabilities necessary to achieve the
Moon to Mars objectives and expand the capabilities in the Artemis program for exploration.

Program Elements

PROGRAM INTEGRATION AND SUPPORT

The Program Integration and Support activities manage the program interfaces between ESDMD. This
effort is critical to ensuring the performance meets technical and safety specifications and supports the
programmatic assessments key to achieving integrated technical, cost, and schedule management. In
addition, the integration effort is vital to managing interfaces with other ESDMD and SOMD activities,
including strategic studies, feasibility studies, and small-scale research tasks that feed into future human
exploration. Coordination and timely integration across ESDMD and SOMD are critical and aimed at
mitigating the impacts of potential design overlaps, schedule disconnects and delays, and cost overruns.

FUTURE SYSTEMS

The Future Systems effort conducts activities that will lead directly to the development of capabilities
based on the needs articulated in the Moon to Mars Architecture Definition Document, as well as other
systems required for NASA to continue to advance human exploration. The effort leverages the ESDMD
Strategy & Architecture Office to coordinate, integrate, and manage the pre-project development and
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formulation in conjunction with cross-directorate teams from the Moon to Mars Program Office and
relevant programs and project support. The effort includes integration and support from other NASA
mission directorates and NASA center personnel as to ensure the efforts are effective and the resulting
element formulation achieves agency needs.

Program Schedule

By definition, all systems managed by Future Systems are in pre-formulation and therefore their
schedules have not been defined.

Program Management & Commitments

ESDMD manages the Future Systems activities.

Program Element Provider

Provider: NASA Centers

Lead Center: HQ

Performing Center(s): MSFC, JSC, JPL, KSC, ARC, GRC, LaRC, GSFC
Cost Share Partner(s): N/A

Future Systems

Acquisition Strateqy

No acquisition planned for this program.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

None.
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Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
International Space Station 1,286.2 - 1,269.6 1,267.8 1,262.8 11,2594 1,259.4
Space Transportation 1,759.6 - 1,862.1 1,876.2 1,840.9 1,895.7 1,804.1
Space and Flight Support (SFS) 983.4 - 1,0884 1,051.3 1,048.7 1,059.0 1,080.2
Commercial LEO Development 2243 -- 169.6 302.3 435.2 465.2 629.3
[Exploration Operations 13.2 -- 0.0 0.0 0.0 0.0 0.0
Total Budget 4,266.7 4,250.0 4,389.7 4,497.6 4,587.6 4,679.4 4,773.0

FY 2023 reflects the funding amount specified in Public Law 117-328, Consolidated Appropriations Act, 2023, as
revised in NASA's FY 2023 final Operating Plan, September 2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared, therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
International Space Station 1,286.2 -1 1,269.6 1267.8 1,262.8 12594 11,2594
Space Transportation 1,759.6 - 1,862.1 1,876.2 1,840.9 1,895.7 1,804.1
Space and Flight Support (SFS) 983.4 - 1,0884 1,051.3 1,048.7 1,059.0 1,080.2
Commercial LEO Development 224.3 -- 169.6 302.3 435.2 465.2 629.3
[Exploration Operations 13.2 -- 0.0 0.0 0.0 0.0 0.0
Total Budget 4,266.7 4,250.0 4,389.7 4,497.6 4,587.6 4,679.4 4,773.0

FY 2023 reflects the funding amount specified in Public Law 117-328, Consolidated Appropriations Act, 2023, as
revised in NASA's FY 2023 final Operating Plan, September 2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared, therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.

The Space Operations account is dedicated to
sustained human presence in LEO, enabling
future exploration and advanced operations in our
solar system, and advancing scientific discoveries
that benefit life on Earth. In the near term, this
includes support of ISS operations and research,
while laying the foundation for America to
develop and maintain a commercial economy in
LEO. This budget request continues to prepare
for a smooth transition in 2030 from ISS
operations to new LEO destinations that are
commercially owned and operated and to safely
deorbit the ISS. NASA astronauts, Loral O'Hara (left) and Jasmin
Moghbeli (right), pose for a portrait while installing
helmet lights on spacesuits and checking the functionality
ISS; of their spacesuit's components - (October 27, 2023).

Space Operations is comprised of four themes:

Space Transportation;
Space and Flight Support; and
Commercial LEO Development.

Collectively, these themes are developing and operating American-led space infrastructure enabled by a
commercial market, enhancing space access and services to both government and commercial entities,
and researching and developing capabilities to safeguard astronaut explorers. These activities, which
support existing and future space operations for both NASA and non-NASA missions, are catalysts for
economic development and lay the groundwork for a commercial future in LEO in which NASA is one of
many customers for commercial services. Additionally, these activities continue to return medical and
environmental benefits to humanity, advance scientific knowledge, and foster new technologies that
improve American lives.
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ISS continues to demonstrate American leadership in global space exploration, enabling a U.S.-led
multinational partnership to advance shared goals in space. As a testbed for deep space exploration, ISS is
helping us learn how to keep astronauts healthy during long-duration space travel and demonstrating
technologies for human and robotic exploration beyond LEO, to the Moon, and to Mars. The ISS:

e Promotes commerce in space as new commercialization concepts are explored and stimulates
non-NASA demand to support development of commercial destinations under the Commercial LEO
Development Program;

e Enables scientists to identify and quantify risks to human health and performance, develop
countermeasures, and develop and test technologies that protect astronauts during extended human
space exploration;

o Supports NASA research and development in the areas of biological and physical science, as well as
Earth and space science missions;

e Conducts research to benefit humanity through the ISS National Lab;

e Continues American leadership in LEO in the face of increased human spaceflight activity by foreign
competitors; and

e Maintains the ISS international partnership that has brought together astronauts and scientists from
dozens of spacefaring nations in peaceful and cooperative activity.

Space Transportation’s objective is to transport U.S. Orbital Segment (USOS) astronauts and cargo safely
to and from space, including the ISS. Working with industry to develop and provide human transportation
services to and from space lays the foundation for more affordable and sustainable future human space
transportation. These commercial partnerships bolster American leadership in space, have ended sole
reliance on foreign providers for crew transportation services, help stimulate the American aerospace
industry, and allow NASA to focus on building the capabilities and expertise necessary for missions to
the Moon and Mars. This theme includes the Commercial Crew Program (CCP) and Crew and Cargo
Program, which includes the ISS U.S. Deorbit Vehicle (USDV).

e The CCP partners with the U.S. commercial sector to develop and operate safe, reliable, and
affordable crew transportation systems capable of carrying humans to and from the ISS and other
LEO destinations. Working with industry to develop and provide human transportation services to
and from space lays the foundation for more affordable and sustainable future human space
transportation.

o The Crew and Cargo Program manages transportation services provided by both international
partners and domestic commercial providers. Through the program, NASA has greatly strengthened
U.S. competitiveness by awarding ISS cargo resupply contracts to multiple vendors, as well as
continuing to advance commercial spaceflight and support American jobs. The Crew and Cargo
Program also includes funding for the ISS USDV that will be competitively awarded to U.S. industry.

The Space and Flight Support Theme (SFS) continues to provide mission critical space communication
and navigation services, launch and test services, and astronaut training to support its customer missions.
The theme is comprised of the Space Communications and Navigation (SCaN) Program,
Communications Services Program, Launch Services Program, Rocket Propulsion Test Program, Human
Space Flight Operations Program, and Human Research Program.

e The SCaN Program provides communication to missions in LEO, including ISS, suborbital missions,
and some lunar orbital missions, utilizing the Near Space Network. The Deep Space Network
communicates with missions most distant from Earth and will initially provide primary

SO-3



SPACE OPERATIONS

communication links to early Artemis missions. SCaN is planning for expanded services for missions
to the Moon, including lunar relay capability for missions that cannot communicate directly with
Earth and enhanced position, navigation, and timing services that are less dependent on tracking
stations on Earth.

e The Communications Services Program focuses on demonstrating the feasibility of using
commercially provided satellite communications (SATCOM) services to support NASA missions
near Earth.

e The Launch Services Program provides expertise and active launch mission management for more
than 70 NASA and other government missions in various stages of development.

o The Rocket Propulsion Test Program manages a wide range of facilities capable of ground testing
rocket engines and components under controlled conditions.

e The Human Space Flight Operations Program provides the training and readiness to ensure crew
health and safety and mission success.

e The Human Research Program improves astronauts' ability to collect data, solve problems, respond to
emergencies, and remain healthy during and after extended space travel.

NASA's Commercial LEO Development effort focuses on the development of a robust commercial space
economy in LEO. It is stimulating development of commercially owned and operated LEO destinations
from which NASA can purchase services to meet enduring LEO human spaceflight and research
requirements. The program:

o Ensures NASA can meet its needs in LEO as it transitions in 2030 from ISS operations to new LEO
destinations that are commercially owned and operated. NASA’s future requirements that will persist
beyond the lifetime of the ISS include crew accommodation and training, human research, physical
and biological research, technology demonstration and science, and a National Laboratory;

e Prepares for a sustained human presence in LEO and U.S. leadership in LEO after the ISS;

Ensures the capability to maintain an American presence in LEO;

e Drives down costs through LEO commercialization so NASA can free up resources to be used for
future human space operations and exploration; and

e Utilizes inventive, non-traditional agreements for acquiring commercial space goods and services to
meet NASA requirements.

The Budget funds ISS operations and research, a vehicle to safely de-orbit ISS after it is retired in 2030,
and commercial space stations that NASA will use as soon as they become available. The Budget
gradually reduces research and other activities on board the ISS in the outyears, beginning in FY 2026, to
provide the funding necessary for USDV development and Commercial LEO Development efforts. As a
result of this budget re-balancing, an assessment will be carried out to determine the full trade space of
potential changes needed to meet outyear funding levels; such options should include discussion of
reducing the number of science payloads/investigations to ISS and/or decreasing the number of astronauts
on board the USOS, among other options.

For more information, visit: https://www.nasa.gov/directorates/space-operations-mission-directorate

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

SO-4


https://www.nasa.gov/directorates/space-operations-mission-directorate

Space Operations: International Space Station

INTERNATIONAL SPACE STATION PROGRAM

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
ISS Systems Operations and Maintenance 1,034.4 -/ 1,008.5 1,008.5 1,003.5 1,000.0 1,000.0
ISS Research 251.8 -- 261.1 259.3 259.3 259.4 259.4
Total Budget 1,286.2 - 1,269.6 1,267.8 1,262.8 1,2594 1,259.4

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The ISS is the largest and most complex space-based
research facility ever constructed. The ISS enables
distinct research opportunities, including research
supporting the Artemis human lunar exploration
missions and future Mars human exploration programs.
Returns from the investment in ISS are not limited to
scientific discovery and technology advancement. The
ISS international partnership is composed of five space
agencies representing 15 nations, led by the

United States. NASA's international partners include the
Canad@n, Eur‘op can, Ja'pan.ese, and Russian space bearing assembly, which allows the solar arrays
agencies. Engineers, scientists, and managers from to track the Sun and generate electricity
around the world have directed their resources for the (November 1, 2023).

peaceful use of space and are now reaping the benefits
to humanity. ISS provides a high visibility opportunity
for American leadership in LEO.

NASA astronaut Loral O'Hara is shown here
performing a spacewalk to replace a trundle

ISS orbits the Earth about every 90 minutes and has been continuously occupied since 2000.

November 3, 2023, marked the 23rd anniversary of continous human occupation aboard the ISS. The ISS
spans the area of a U.S. football field (with end zones) and weighs approximately 925,335 pounds
(419,725 kilograms). Its solar arrays, which help power the vehicle, are longer than a Boeing 777's
wingspan at 240 feet. The ISS has eight docking and berthing ports for visiting vehicles delivering crew
and cargo. Orbiting Earth 16 times per day at a speed of 17,500 miles per hour, the ISS maintains an
altitude range of 230 to 286 miles. The complex has more livable room than a conventional five-bedroom
house, with two bathrooms, fitness equipment, a 360-degree bay window, and state-of-the-art scientific
research facilities. The U.S. Orbital Segment (USOS) is the portion of the ISS operated by the United
States and its Canadian, European, and Japanese partners. Russia exclusively operates the Russian
segment. In addition to external test beds, the USOS houses three major science laboratories: the

United States Destiny, European Columbus, and Japanese Kibo. NASA's current crew size on the USOS
averages four astronauts.

This budget request funds the civil service and contractor staff, as well as the facilities and equipment,
required to support U.S. obligations for the USOS and enable vehicle operations and research in the harsh
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conditions of space with constant, around-the-clock support. The requested funding enables four major
focus areas of activity for the ISS Program, including: (1) serving as a key steppingstone on the pathway
to deep space exploration; (2) maintaining U.S. global leadership of space exploration; (3) enabling the
development and advancement of a commercial marketplace in LEO; and (4) returning benefits to
humanity on Earth through space-based research; technology development; and Science, Technology,
Engineering, and Mathematics (STEM) education for students of all ages.

The ISS plays an essential role in facilitating the expanding sphere of human space exploration from LEO
to the Moon (via the Artemis and eventually Mars missions). The ISS is currently the only microgravity
platform capable of long-term testing of new life support and crew health systems, advanced habitation
modules and other technologies needed to expand NASA's exploration horizons. This research and
development program will continue to focus on capabilities needed to maintain a healthy and productive
crew in deep space, including the Gateway and future missions to the Moon and Mars. Manifested or
planned experiments and demonstrations include tests of improved long-duration life support
technologies, advanced fire safety equipment, on-board environmental monitors, techniques to improve
logistics efficiency, in-space additive manufacturing, advanced exercise and medical equipment, radiation
monitoring and shielding, human-robotic operations, and autonomous crew operations.

NASA will maintain research and technology efforts in LEO using the ISS to enable exploration with
humans to the Moon and Mars, while continuing to perform research that benefits humanity and leads to a
robust ecosystem in LEO.

NASA is working to implement a stepwise transition of ISS from the current model of NASA
sponsorship and direct NASA funding to a model where NASA is one of many customers purchasing
services from a LEO human spaceflight enterprise via the Commercial LEO Development Program.
NASA will transition from current ISS operations to this new model when the commercial platforms and
services become available. Following the completion of ISS operations in 2030, the ISS will be safely
de-orbited via a controlled reentry into an unpopulated region of the Pacific Ocean. The Crew and Cargo
Program is developing this de-orbit capability (the U.S. Deorbit Vehicle or USDV) with U.S. industry
through a competitive procurement.

The ISS Program aims to provide direct research benefits to the public through its operations, research,
and technology development activities. As a National Laboratory, the USOS allocates 50 percent of the
U.S. portion of resources to enable other U.S. government agencies, academia, and industry to utilize its
unique environment and advanced facilities to perform investigations. Observing from and experimenting
aboard ISS provides the opportunity to learn about Earth, life, and the solar system from a very different
perspective. The ISS serves as an innovation laboratory for experiments that cannot be accomplished on
Earth. Earth observation instruments on ISS expand our Nation's understanding of the climate and carbon
cycle. It also allows other NASA mission directorates to conduct research and demonstrate technologies.
This includes technology demonstrations sponsored by STMD and Biological and Physical Sciences, and
Earth Science research funded by SMD. The results of the research completed on ISS can be applied to
many areas of science, improving life on Earth.

NASA and its partners also use this unique asset to advance STEM education efforts to inspire youth to
pursue those fields. Over 10 million U.S. students have designed, launched, operated, or used data from
more than 800 student experiments launched to ISS, including a 30 percent representation from

SO-6



Space Operations: International Space Station

INTERNATIONAL SPACE STATION PROGRAM

underserved communities. ISS inspires future generations and helps foster greater interest in STEM
careers.

The Budget gradually reduces research and other activities on board the ISS in the outyears, beginning in
FY 2026, to provide the funding necessary for USDV development and Commercial LEO Development
efforts. As a result of this budget re-balancing, an assessment will be carried out to determine the full
trade space of potential changes needed to meet outyear funding levels; such options should include
discussion of reducing the number of science payloads/investigations to ISS and/or decreasing the number
of astronauts on board the USOS, among other options

For more on the ISS Program, visit: https://www.nasa.gov/mission_pages/station/main/index.html

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.
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ISS SYSTEMS OPERATIONS AND MAINTENANCE

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 1,034.4 - 1,008,5 1,008.5 11,0035 1,000.0 1,000.0

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The ISS is a complex research facility and human
outpost in LEO developed in a collaborative,
multinational effort led by the United States with
partners in Canada, Europe, Japan, and Russia. It is
supported by the commercial industry via the Crew
and Cargo Program and Commercial Crew Program
(CCP). The ISS Systems Operations and Maintenance
(O&M) project funds civil service and contractor
labor, as well as facilities and equipment necessary to
enable vehicle operations in the harsh conditions of
space with constant, around-the-clock support. The
ISS systems operate in extreme temperatures,
pressures, and energies that challenge engineering

. L\

techniques with minimal margin for error. The risks NASA astronaut Stephen Bowen replaces charcoal
associated with operating the ISS are significant and filters in the Destiny laboratory module as part of
must be effectively managed to protect against life support maintenance (Aug 8,2023)

catastrophic consequences to mission success and
human life. Successful risk mitigation activities on
ISS in LEO pave the way for more successful Artemis and Mars missions.

Safely operating the ISS in the severe conditions of space and ensuring the crew always have a sufficient
supply of food, water, oxygen, and repair parts demands precise planning and logistics. The 463-ton
vehicle requires routine maintenance and is subject to unexpected mechanical failures, given its highly
complicated systems and the harshness of space. Resolving problems can be challenging and often
requires the crew to make repairs in space with support from ground teams on Earth. Astronauts aboard
the ISS must rely on the materials available to them on board. This requires the support team on Earth to
monitor and meticulously plan for replacement parts and consumables, such as filters and gases, as well
as Orbital Replacement Units (ORUs) like the Inlet De-ionizing Bed, Microbial Check Valves, and
Multi-Filtration Beds, which are key components of the Regenerative Environmental Control Life
Support System (Regen ECLSS). The coordination and support necessary for the ISS crew to live and
work comfortably in space requires intensive Earth-based mission operations. Ground teams continually
monitor ISS performance, provide necessary vehicle commands, and communicate with the crew.

Even before the astronauts leave Earth, the ISS Systems O&M project, in conjunction with the Human
Space Flight Operations Program, provides the crew training to prepare them for their stay aboard the
ISS. One example includes operating the Neutral Buoyancy Laboratory, an indoor underwater training
facility, where astronauts, in a safe environment, can simulate specific extravehicular activities (EVAs) to
repair, replace, or install new instruments and operational systems. During training exercises,
neutral-buoyancy diving is used to simulate the weightlessness of space operations.
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The ISS Program considers all aspects of the mission when developing operations plans to meet program
objectives. These include scheduling crew activities, choreographing docking and undocking of visiting
crew and supply ships, evaluating supplies of consumables, managing flight plan variability, and
resolving stowage issues. The ISS Systems O&M project is responsible for keeping ISS operational and
available to perform its research mission.

A critical component of the ISS Systems O&M project is immediate emergency services and analyses
conducted by mission control teams on Earth, known as vehicle and program anomaly resolution.
Engineers and operators diagnose system failures and develop solutions, while program specialists
respond to changing program needs and priorities through re-planning efforts. These teams ensure
appropriate redundancy, training, and procedures are in place to respond to any type of failure at any time.
The project requires sparing and repairing nine highly complex on-orbit systems made up of hundreds of
unique ORUs. Additionally, software sustainment manages and executes millions of lines of flight code
to support operation and control of the ISS.

Because the ISS is an international partnership, program decisions are not made in isolation. Rather, they
require coordination with multiple countries to ensure all technical, schedule, and resource supply
considerations and commitments are taken into account. The experience NASA is gaining through
integration with its ISS partners is helping the agency better prepare for future missions in human space
exploration, such as on the Gateway or the lunar surface.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

The ISS Systems O&M project continued to maintain resources both on-orbit and on the ground to
operate and utilize the ISS. The ISS Systems O&M project funded Mission Control Center (MCC)
operations, monitoring the safety of crew and integrity of ISS 24/7. This is required to maintain success in
providing all necessary resources, including power, data, crew time, logistics, and accommodations, to
support research while operating safely with a typical crew of seven astronauts, four USOS crew and
three Russian crew.

The ISS Systems O&M project supported the arrival and departure of 19 flights, including domestic
commercial and international crew and cargo missions to the ISS. This resulted in supporting over one
flight per month. Each flight required extensive planning and analyses to support on-orbit operations, as
well as launching, docking, undocking, berthing, unberthing, deorbiting, packing, manifesting, hardware
processing, and on-orbit configuration.

NASA ground teams continued to monitor overall vehicle health and oversee general maintenance and
performance of all the ISS vehicle systems, including command and data handling, communication and
tracking, crew health care, environmental control and life support, electrical power, EVAs, robotics, flight
crew equipment, propulsion, structures and mechanisms, thermal control, guidance, navigation, and
control. These individual teams worked together to support the crew in quick resolution of several
unexpected anomalies, including continued support to identify and mitigate a small ISS atmosphere leak
in the transfer tunnel of the Zvezda module, which launched to space in 2000 and forms part of the
Russian region of the ISS. Zvezda supports the ISS's life support systems (which have some backup in the
U.S. orbital side of the ISS) and contains living quarters for two cosmonauts. The leak has been reduced
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by patching identified small cracks. Both Roscosmos and USOS continue to monitor the air pressure,
search for root cause, and ensure that the ISS is supplied with sufficient consumables.

In FY 2023, the team supported launch and installation of four ISS Roll Out Solar Arrays (iROSAs). The
combination of the eight original arrays and the smaller, more efficient, new iROSA arrays will provide a
20 to 30 percent increase in power for space station research and operations. This upgrade ensures the ISS
will be able to support the anticipated power demand of future utilization and commercialization
activities, while preserving for the expected increase in research and exploration technology
demonstrations for Artemis and beyond.

In FY 2023, the Systems O&M project successfully integrated the second private astronaut mission
(PAM), Axiom Mission-2 (Ax-2). The integration of the second PAM mission occurred in approximately
10 months, which was enabled by the NASA, Axiom, SpaceX, and International Partner teams who have
put in the hard work in support of NASA’s vision to commercialize LEO. Ax-2 completed 21 ISS
National Lab sponsored and one NASA-Human Research Program sponsored investigations, including an
ambitious Life Sciences Glovebox (LSG) plan with over 65 hours of LSG use by Ax-2 and USOS crew.

Within the ECLSS category, the ISS Systems O&M project procured essential consumables and spares
for the Waste and Hygiene Compartment (WHC) to meet demand through FY 2026. The Regen ECLSS
and the Brine Processor Assembly successfully demonstrated 98 percent water recovery on ISS. Water
recovery in LEO is vital, as reuse diminishes the need for resupply via cargo launches.

The ISS Systems O&M project began working on the software changes necessary to incorporate the new
encryption hardware to ensure secure communications to the ISS. Software changes to support the Axiom
Commercial Space Station began in 2023. Overall, the software and avionics team supported over

450 integrated test shifts, which supported 350 software transitions, 50 visiting vehicle flights, and the
remaining supported Mission Control upgrades, multiple payloads, and technology demonstrations.

WORK IN PROGRESS IN FY 2024

Throughout the year, NASA ground teams will continue to monitor overall vehicle health and oversee
general maintenance and performance of all the ISS vehicle systems. The ISS Systems O&M project will
continue to manage resource requirements and changes, including vehicle traffic, cargo logistics, stowage,
and crew time. The ISS Systems O&M project is expected to support at least two U.S. Commercial Crew
post-certification missions; the first crewed test flight of Boeing’s Starliner spacecraft; and the third
PAM, Axiom Mission 3. In addition to the U.S Commercial Crew flights, the ISS System O&M project is
planning six U.S. Commercial Resupply Services cargo flights, including the first Sierra Space Dream
Chaser cargo flight, the first Japanese cargo flight on the new H-II Transfer Vehicle (HTV)-X vehicle,
four Progress flights, and two crewed Soyuz flights.

The ISS Systems O&M project will deliver critical spares and consumables, including: the Anomaly Gas
Analyzer for use during an emergency response for fire or ammonia, Oxygen Gas Assembly with quick
disconnect for improved shelf life, and launch and installation of the improved Cycle Ergometer with
Vibration Isolation & Stabilization, enabling cycling activities via leg or arm ergometry in order to
provide aerobic exercise as a countermeasure to cardiovascular deconditioning. In addition to hardware
deliverables, the ISS Systems O&M project is working to complete the FGB life extension through 2030
and complete U.S. Airlock modifications necessary to support Exploration EVAs demonstration and
operations. The ISS System O&M project is making significant progress toward the launch and
installation of the seventh and eighth iROSA wings.
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ISS continues to develop and install software vital to its on-orbit safety and day-to-day operations. The
team will transition and install the Forward Link project on ISS to update the encryption algorithms.
Removal and return of the failed Radio Frequency Group will be completed via an EVA in January. The
Space Communication and Navigation Integrated Laser Communications Relay Demonstration
Low-Earth Orbit User Modem and Amplifier Terminal (ILLUMA-T) will be installed, which will
demonstrate the benefits of laser communications systems and offer missions higher data rates and
expedited data transfer. At 1.2 Gigabits per second, ILLUMA-T will send data to NASA's first-ever laser
relay and complete NASA's first end-to-end laser communications system. Procurement of a new audio
bridge unit will provide connectivity between the legacy ISS audio system and more modern systems
supporting commercial activity. Axiom Mission 3 will be integrated and continue its use of PAM-Net, a
specific virtual private network devoted to enable PAM investigations and research separate from the
ISS-crew.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

The Budget funds ISS operations and research, a vehicle to safely de-orbit ISS after it is retired in 2030,
and commercial space stations that NASA will use as soon as they become available. The Budget
gradually reduces research and other activities on board the ISS in the outyears, beginning in FY 2026, to
provide the funding necessary for USDV development and Commercial LEO Development efforts.
Reductions are currently bookkept in the Space Transportation theme but will eventually be allocated
across ISS Operations & Maintenance, Research, and Transportation as appropriate. As a result of this
budget re-balancing, an assessment will be carried out to determine the full trade space of potential
changes needed to meet outyear funding levels; such options should include discussion of reducing the
number of science payloads/investigations to ISS and/or decreasing the number of astronauts on board the
USOS, among other options.

The ISS Program will continue to work closely with CCP and commercial crew providers to ensure any
challenges with the initial missions are addressed with minimal impact to ISS operations and research.
NASA plans to work with international partners to maintain a continuous ISS crew member capability by
coordinating and managing resources, logistics, systems, and operational procedures. The ISS Systems
O&M project will continue to manage resource requirements and changes, including vehicle traffic, cargo
logistics, stowage, and crew time. In addition to providing anomaly resolution and failure investigation
(as needed), they will provide real-time support for activities, such as EVAs and visiting vehicles. The
ISS Systems O&M project plans to support the launch of two U.S. crew flights, five U.S. cargo flights,
one PAM mission, two Russian crew flights, three Russian cargo flights, and the second HTV-X mission.

The ISS Program protects for four EVAs to install hardware and/or payloads and four EVAs to address
external anomalies. Until the cargo vehicle manifests are finalized, specific EVA hardware installations
are under review.
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PROJECT SCHEDULE

The table below provides a schedule for FY 2024 and FY 2025 completed and planned EVAs. Only
currently planned EVAs are included in the table and additional EVAs will be added as needed. The ISS
conducts near-term, real-time assessments of EVA demands, along with other program objectives, to
efficiently plan all required ISS activities. NASA remains postured to conduct EVAs on short notice in
response to specific contingency scenarios. In addition, the ISS Program balances routine maintenance
EVAs against overall astronaut availability to maintain focus on utilization and research.

Date Significant Event
Oct 2023 Russian EVA
Nov 2023 USOS EVA

Dec 2023 USOS EVA

Apr 2024 Russian EVA

Sep 2024 Two USOS EVAs
Oct 2024 USOS EVA

TBD USOS EVA

Project Management & Commitments

While NASA maintains the integrator role for the entire ISS, each partner has primary authority for
managing and operating the hardware and elements they provide. Within NASA, JSC, located in
Houston, TX, leads the project management of the ISS Systems O&M Program.

Acquisition Strateqy

The current Boeing vehicle sustaining engineering contract extends through September 2024. ISS is
planning for at least a one-year contract extension and is evaluating a follow-on option. Requirements of
this contract include sustaining engineering of U.S. on-orbit segment hardware and software, technical
integration across all the ISS segments, end-to-end subsystem management for most of the ISS
subsystems and specialty engineering disciplines, and U.S. on-orbit segment and integrated system
certification of flight readiness.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)

U.S. on-orbit segment Sustaining

Engineering Contract The Bocing Company IS¢
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INDEPENDENT REVIEWS

NASA Acrospace Provides independent assessments No open
Other Safety A dviscl)) Pancl Nov 2023 of safety with recommendations to , nfm ndation
y 4 the NASA Administrator. ccommendations
. Provides independent
Other NASA. Advisory Dec 2023 recommendations for the NASA No new .
Council/ .. recommendations
Administrator.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 251.8 - 261.1 259.3 259.3 259.4 259.4

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The ISS is an orbiting platform that astronauts and
researchers use to understand the effects of space on
human health and to develop technologies to mitigate
those effects that are a barrier to future human
exploration missions. The unique microgravity
environment enables scientific investigation of physical,
chemical, and biological processes in an environment
very different from Earth.

During the past 23 years, the orbiting platform has
evolved into a dynamic laboratory that hosts an

increasing variety of government and privately-owned NASA Astronaut Frank Rubio, pictured here,
science facilities, external testbeds, and observatory uses a glovebag and services the BioFabrication
sites. The ISS provides the only current U.S. capability Facility, replacing and installing components
for human-assisted space-based research and is a inside the research device, which is designed to

foundation for efforts to expand commercial use of LEO | print organ-like tissues in microgravity and learn

and to enable a sustained U.S. presence in this region of | how to manufacture whole, fully functioning
space. human organs in space (September 25, 2023).

The ISS Research budget funds support for all research users of the ISS through NASA's multi-user
systems support (MUSS) and the ISS National Laboratory.

The ISS National Laboratory has been managing non-NASA utilization of ISS since it was designated by
Congress in 2005. The 2010 Authorization Act subsequently required national laboratory managed
experiments be guaranteed not less than 50 percent of the U.S. research capacity. Since 2012, more than
700 payloads have flown under the ISS National Lab allocation. For the past three fiscal years, 80 percent
of the ISS National Lab payloads launched represent investigations from the private sector, fostering
economic growth to fuel a new innovation ecosystem in LEO.

MUSS provides strategic, tactical, and operational support to all ISS research, whether sponsored by
NASA, international partners, or the ISS National Lab. Through MUSS, ISS Research supports the
execution of the broader portfolio of research and technology development activities on the ISS, funded
through other NASA organizations (e.g., SMD, Biological and Physical Sciences [BPS], Human Research
Program [HRP], ESDMD, and STMD). ISS external research platforms enable research recommended by
the National Academies Decadal Survey and funded by NASA's SMD to provide access to Earth and
space vantage points. Research conducted aboard ISS has made fundamental contributions to human
knowledge and has advanced scientific goals set by the National Academy of Sciences through a series of
Decadal Surveys.
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ISS research also supports development of technologies for potential use in exploration missions, such as
Artemis, and longer-duration missions to Mars and beyond. ISS provides a means to demonstrate
technology and system readiness for use on a human-occupied exploration vehicle by documenting
performance in a spacecraft environment with humans-in-the-loop; piloting operational procedures and
training requirements; and determining logistics requirements, safety, and interoperability concerns with
respect to overall space systems infrastructure. ISS is host to multiple long-duration flight experiments
and projects, which include investigations in water purification, recovery, and utilization; oxygen
generation and filtration systems; carbon dioxide filtration systems; crop production; and mitigation of
known medical issues, all of which contribute to closing the technology and knowledge gap of future long
duration space exploration missions.

ISS Research also contributes to agency efforts to spur economic growth of LEO and to enable a
sustained U.S. presence in this region of space. In Space Production Applications awards help companies
raise the technological readiness level of their products and move them to market, propelling

U.S. industry toward the development of a sustainable, scalable, and profitable non-NASA demand for
services and products in LEO. These commercialization awards provide opportunities for NASA to
reduce future costs in LEO, enabling deep-space missions farther from Earth, including the Moon and
Mars.

NASA's plans for expanding activities in LEO build on and apply the lessons learned from over a decade
of work and experience with private companies in ISS research. For example, research facilities onboard
ISS continue to evolve from primarily government funded and operated to privately owned and operated.
Since 2012, privately owned research facilities have greatly increased access, capability, and use-inspired
science return from ISS-supported research. Currently, there are 24 such facilities in operation supporting
approximately 60 percent of ISS National Lab-sponsored payloads. In addition, 36 companies provide
services as implementation partners, guiding researchers to build and ship flight hardware to be executed
on the ISS. These activities validate business models and expand the numbers of entities with experience
in conducting business in space.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None

ACHIEVEMENTS IN FY 2023

FY 2023 saw upgraded research facilities come online, new capabilities piloted, an increase in crew hours
dedicated to science, and new solar panels added to increase ISS power capacity.

Research facility updates included an upgraded version of Redwire Space's BioFabrication Facility (BFF)
to further human tissue printing research and a new facility from BioServe Space Technologies, called the
BioServe Centrifuge, that can be used to separate substances of different densities.

FY 2023 also saw an increasingly diverse portfolio of commercial, fundamental science, and technology
demonstration investigations conducted. The ISS Research budget supported, either directly or through
MUSS integration services, over 400 active investigations across all ISS partners. NASA and the ISS
National Lab combined to sponsor more than 250 U.S. research investigations. These totals included
148 payloads for the ISS National Lab.

Examples of fundamental research and technology demonstration research included:
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Studies of Bose-Einstein condensates using one of ISS's newer research facilities, NASA Cold Atom
Laboratory (CAL). CAL supports studies that require atom-interferometry measurement capability, a first
of its kind in LEO. Atom interferometry can be used to precisely measure a host of phenomena, including
gravity, acceleration, rotation, electric fields, magnetic fields, and chemical interactions (see:
https://www.jpl.nasa.gov/missions/cold-atom-laboratory-cal).

The National Institutes of Health (NIH) and the NSF continued to fund ISS National Lab-sponsored
fundamental research, including two tissue chip studies to improve heart failure disease models and
develop new treatments, a project to improve the efficiency of heat pipes (used to prevent electronics
overheating), and an investigation to produce superior graphene acrogels (lightweight materials for
applications such as improved energy storage in batteries, better oil spill cleanup methods, and
next-generation space suits).

Research utilizing the upgraded BFF on board ISS in the fields of tissue engineering and regenerative
medicine, resulting in production of a 3D-printed human meniscus construct. Tearing of the meniscus, a
cartilaginous structure in the knee, is one of the most common orthopedic injuries, and current treatments
can ultimately lead to increased risk of knee replacement or arthritis.

The ISS National Lab continued to drive upward trends for industry involvement in supply, demand, and
investment related to its research and development (R&D) portfolio. ISS National Lab R&D-sponsored
activities in FY 2023 included projects from industry, startup companies funded in collaboration with
Boeing, and research entities.

e Bristol Myers Squibb conducted research to improve the crystallization of biotherapeutic medicines
so they can be given as a quick injection rather than a lengthy infusion.

e Biomedical startup RevBio (formerly LaunchPad Medical) built upon a previous project to advance
its proprietary, patented Tetranite® bone adhesive that helps bone fractures heal more quickly.

e Public data shows $230.5 million of private capital and grant funding was raised during FY 2023 by
startups that have completed a flight project with the ISS National Lab. Since 2014, startups have
raised nearly $2.1 billion after completion of their flight projects. These funds were raised from
public equity markets, venture/private capital, and public and private grants.

Additional examples of accomplishments in FY 2023, representing both MUSS support and ISS National
Lab efforts, include:

e 39 peer-reviewed publications related to ISS National Lab-sponsored research were identified.
24 were related to projects awarded through NSF/CASIS joint solicitations (14 on tissue engineering,
and 10 on transport phenomena, combustion, and fluid dynamics); one was related to an NIH-funded
tissue chip investigation; four were from rodent research on wound healing, microgravity’s effects on
the brain, and testing a new osteoporosis drug; four were related to the Materials International Space
Station Experiment (MISSE) flight facility investigations testing new spacecraft materials; two were
related to spaceflight hardware, one for gene editing and the other for protein crystallization; one was
related to Hewlett Packard Enterprise’s Spaceborne Computer; two were related to the Alpha
Magnetic Spectrometer; and one was related to an archaeological study on the ISS to understand how
people adapt to life in space.
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e Five patents related to ISS National Lab-sponsored research were identified: Micro-gRx filed a patent
for a tissue chip system to culture and electrically stimulate human skeletal muscle cells, Astrobotic
Technology Inc. has a patent pending for a machine-learning algorithm to detect anomalies in
machinery by "making sense" of distinctive audio patterns they emit, researchers from UCLA filed a
patent for a systemic therapy to treat osteoporosis, adidas has a patent pending for a strategically
weighted ball that induces a "spin flip" under high enough rotations, and Cam Med (now Qlibrium™)
was granted a patent for an electrochemistry system and method to generate gas bubbles in a
microfluidic device for improved drug delivery.

A new product resulted from ISS National Lab-sponsored research: Felix and Paul Studios released the
virtual reality series "Space Explorers: Blue Marble" that was created using imagery taken from the ISS.

The ISS National Lab Space Station Explorers community gained three new education partners: Club for
the Future (Blue Origin's educational foundation), Limitless Space Institute, and Luminary Labs. In

FY 2023, more than 10.4 million individuals participated in ISS National Lab education and outreach
programs and projects, and more than 25.8 million people used online ISS National Lab educational
products.

For more information, visit: https://www.nasa.gov/mission pages/station/research/index.html and
https://www.issnationallab.org/

WORK IN PROGRESS IN FY 2024

Planned activities will continue to increase the number of commercial research facilities onboard the ISS.
Those facilities will be enabling an increasingly diverse portfolio of commercial, academic and other
government agency, fundamental science, and technology demonstration investigations. In the first half of
FY 2024, 274 investigations are scheduled to be active, 140 of which are NASA and ISS National Lab
sponsored and 68 are new.

Highlights of research planned, representing both NASA and the ISS National Lab efforts include:

e ISS National Lab-sponsored research funded by NSF will continue to fly in FY 2024. Beginning in
2016, CASIS partnered with the NSF Engineering Directorate to issue annual research solicitations in
fundamental science. This partnership has resulted in eight annual solicitations in the physical
sciences topic area of transport phenomena and six annual solicitations in the biomedical topic area of
tissue engineering and mechanobiology.

e The University of California, San Diego will launch ISS National Lab-sponsored research to improve
understanding of neurological disease by growing brain organoids in space. Microgravity-induced
alterations in brain organoids may trigger inflammation that accelerates aging, providing a unique
model for neurological disease. This research builds on a previous ISS National Lab-sponsored
project to improve disease models for late-onset neurological conditions and could aid in the
discovery of new treatments for patients on Earth.

e Biomedical startup LambdaVision will continue ISS National Lab-sponsored research to advance its
protein-based artificial retina to restore vision in patients with degenerative eye diseases. This
research builds on a previous project that was awarded a grant through the Technology in Space
Prize, funded by CASIS and Boeing in partnership with the MassChallenge startup accelerator
program.

e The ISS National Lab and NASA continue to partner to advance the key area of in-space production
applications by supporting applied research and development that demonstrates space-based
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manufacturing and production activities in microgravity. The objective of R&D in this focus area is to
use the unique microgravity environment to develop, test, or mature products and processes that have
a demonstrated potential to produce positive economic impact in the near term.

o The ISS National Lab is continuing to support commercial research and technology development
through private astronaut missions in the new era of privatized utilization of the orbiting laboratory.
This support contributes to building a solid customer base for a robust and sustainable LEO economy.

e The SMD sponsored Atmospheric Waves Experiment (AWE) will begin operations in FY 2024 and
explore the global distribution of atmospheric gravity waves in the upper atmosphere and how they
travel upward and vary with the seasons. AWE investigates how atmospheric gravity waves affect
space weather, which can affect both space and ground-based communications, navigation, and
tracking systems.

e NASA's Biological and Physical Science Division sponsored Cold Atom Lab, continues operations
through FY 2024, allowing scientists to study fundamental behaviors and quantum characteristics of
atoms at one ten billionth of a degree above absolute zero.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

The Budget funds ISS operations and research, a vehicle to safely de-orbit ISS after it is retired in 2030,
and commercial space stations that NASA will use as soon as they become available. The Budget
gradually reduces research and other activities on board the ISS in the outyears, beginning in FY 2026, to
provide the funding necessary for USDV development and Commercial LEO Development efforts.
Reductions are currently bookkept in the Space Transportation theme but will eventually be allocated
across ISS Operations & Maintenance, Research, and Transportation as appropriate. As a result of this
budget re-balancing, an assessment will be carried out to determine the full trade space of potential
changes needed to meet outyear funding levels; such options should include discussion of reducing the
number of science payloads/investigations to ISS and/or decreasing the number of astronauts on board the
USOS, among other options.

NASA will continue to innovate, implementing new processes for payload development and integration
that are focused on sending investigations to ISS as soon as they are ready, including renewed focus on
cancer research that supports the President's Cancer Moonshot (an initiative to prevent more than four
million cancer deaths by 2047 and improve the experience of people touched by cancer). ISS is working
with research sponsors on the transition of research to Commercial LEO Destinations (CLDs), including
designing new payloads to be modular wherever possible. The ISS National Lab is partnering with
NASA’s BPS Division on the Igniting Innovation solicitation to fund multiflight translational and
transformative research focused on cancer and other diseases. Because multiple flights can lead to faster
iterations and improved timelines, payload development and integration processes can better meet the
demands of its users, resulting in quicker payload deliveries to ISS (within months in some cases). Thus,
private sector users looking to leverage space-based activities to accelerate time to market for product
enhancements have a rapid path from project concept to flight. This bolsters the value proposition for
space-based R&D. Similarly, R&D sponsored by NASA, private companies, or other government
agencies can be executed within a timeline that enhances the relevance of the research projects. For these
cutting-edge projects, scientific discovery and technological advancement moves quickly and will benefit
by optimized timelines to flight.

Under the streamlined payload development and integration processes, the flight manifest for FY 2025 is
still in development. As a result, the majority of specific investigations that will be conducted on ISS in
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FY 2025 have not yet been identified. However, known upcoming investigations planned to fly in
FY 2025 include:

o Tissue engineering and regenerative medicine to improve human health and longevity and flight
projects supported by other government agencies, including NSF, will explore a range of related
topics from stem cell biology to cancer research to 3D printing of tissue.

e Multiple ISS National Lab-sponsored physical science projects funded by NSF, projects selected and
funded by the Technology in Space Prize funded by CASIS and Boeing in collaboration with the
MassChallenge startup accelerator program, and projects selected through the NASA Vascular Tissue
Challenge.

e Multiple projects awarded through ISS National Lab research announcements in the areas of in-space
production applications and technology development/demonstration, including projects to advance
stem cell biology, optical fiber production, and crystal growth.

e The Zero Boil-Off Tank payload, funded by the BPS Division, will use an experimental fluid to test
active heat removal and forced jet mixing as an alternative means for controlling tank pressure for
volatile fluids. Long term storage of cryogenic fluids is necessary for spacecraft propulsion and life
support and results from the investigation will improve models used to design tanks for both space

and Earth applications. In FY 2025 the Solid Fuel Ignition and Extinction (SoFIE) hardware insert for

the Combustion Integrated Rack (CIR) will be used in a wide variety of solid material combustion
and fire suppression studies.

Project Schedule

An increment, or expedition, is a period of time for ISS operations that spans from one crew return
mission to another. Three to five expeditions typically span a calendar year, and each consists of cargo
ship arrivals and departures, extensive research investigations, and standard crew maintenance and
logistical tasks. The table below provides a schedule for FY 2024 through FY 2026 with completed and
planned start dates for the upcoming increments to ISS.

Date Significant Event
Mar 2024 Increment 71
Sep 2024 Increment 72
Mar 2025 Increment 73
Sep 2025 Increment 74
Mar 2026 Increment 75
Sep 2026 Increment 76

Project Management & Commitments

The ISS Program Office meets commitments to international partners for utilization access under the ISS
agreements and follows statutory guidance in the NASA Authorization Act of 2010 in providing access to
on-orbit capabilities for ISS National Lab research. The ISS Program interfaces with the ISS National Lab
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and personnel from a wide variety of NASA organizations to integrate objectives into strategic plans and
implement research.

Within NASA, mission directorates also prioritize their research investments for ISS based on exploration
roadmaps for technologies needed to support NASA’s exploration goals, the Human Research path to risk
reduction, and recommendations from the relevant National Academies of Science decadal surveys. These
are demonstrated in non-ISS budgets of HRP, some activities in STMD, and specific SMD divisions
including BPS.

Element Description Provider Details

Provider: ISS Program and contractors
MUSS activities support all research on Lead Center: JSC

MUSS ISS (NASA sponsored and non-NASA

sponsored). Performing Center(s): MSFC, ARC, GRC, KSC, JPL

Cost Share Partner(s): N/A

Manages the ISS National Laboratory
through the National Laboratory
Cooperative Agreement

ISS National
Lab

Provider: Center for the Advancement of Science in
Space, Inc. (CASIS)

Acquisition Strateqy

NASA awards contracts and grants for conducting research on ISS. NASA prioritizes ISS research based
on an established agency process that prioritizes NASA’s use for exploration critical research needs
(human research for exploration and technology research for systems to support long-duration lunar and
Mars missions) followed by research that aligns with the National Academies’ Decadal Surveys that are
related to science and can be done in space. NASA manages non-NASA ISS research activities through
the ISS National Lab in cooperation with CASIS and that research is prioritized separately from the
NASA research. Peer review is practiced in each selection and is the means to ensure a high-quality
research program. Engaging leading members of the research community to assess the competitive merits
of submitted proposals is essential to ensuring the productivity and quality of ISS research.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)
Vehicle Sustaining Engineering The Boeing Company Houston, TX

Contract

Huntsville Operations Support Center COLSA Corporation Huntsville, AL

Mission Operations and Integration

(MO&I) Contract Teledyne Brown Engineering | Huntsville, AL

ISS National Lab Management Entity CASIS Melbourne, FL.
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FY 2025 Budget

Budget Authority (in $ millions)

Op Plan CR Request
FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029

Crew and Cargo Program 1,642.0 - 17615 1,773.4 1,735.8 1,788.3 1,694.3
Commercial Crew Program 117.5 -- 100.6 102.8 105.1 107.4 109.8
Total Budget 1,759.6 - 1,862.1 1,876.2 1,840.9 1,895.7 1,804.1

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Shown here, a SpaceX Falcon 9
rocket lifts off the pad at Launch
Complex 39A at 12:34 a.m. EST on
March 2, 2023, carrying the Dragon
spacecraft Endeavour for NASA’s
Crew-6 mission to the ISS.

Space Transportation’s objective is to transport astronauts and
cargo safely to and from the ISS and to safely deorbit the ISS after
it is retired in 2030. This theme includes the Commercial Crew
Program (CCP) and the Crew and Cargo Program. Maintaining ISS
requires a fleet of vehicles and launch locations to transport
astronauts, science experiments, critical supplies, and maintenance
hardware; replenish air and water supplies; and dispose of waste.

CCP partners with the U.S. commercial sector to develop and
operate safe, reliable, and affordable crew transportation to LEO.
NASA awarded Commercial Crew Transportation Capability
(CCtCap) contracts to Boeing and Space Exploration Technologies
Inc. (SpaceX) in September 2014. Through its certification efforts,
NASA will ensure the selected commercial transportation systems
meet NASA's safety and performance requirements for transporting
crew to ISS.

Within the Crew and Cargo Program, NASA purchases cargo
transportation to ISS under Commercial Resupply Services (CRS)
contracts with Northrop Grumman, Sierra Space (a subsidiary of
Sierra Nevada Corp [SNC]), and SpaceX. The Budget also supports
other space transportation-related activities, such as integration
work required to ensure that these visiting vehicles can safely dock
or berth to ISS.

As of September 30, 2023, NASA had allocated approximately $25.5 billion towards service providers
under the Commercial Crew and Cargo programs. These funds have supported the completion of two
rockets, two cargo vehicles, and one crew vehicle; the ongoing development of one other crew vehicle
and one other cargo vehicle; 47 successful cargo flights; and seven successful crew flights to ISS. Of that
amount, NASA contributed $5.9 billion towards the development of the commercial crew and cargo
systems. This is the amount NASA refers to as its “investment” in the systems. The $5.9 billion includes
NASA’s share of the commercial cargo development costs, as well as all NASA CCP development costs
(Commercial Crew Development Phases 1 and 2, the Commercial Crew Integrated Capability initiative,
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Certification Products Contract, and CCtCap). The remaining $19.5 billion is the amount NASA has
contracted for services (i.e., the transportation of cargo and crew to ISS). This amount includes the current
contract values for both CRS-1 and CRS-2 cargo contracts, as well as CCtCap crewed missions to the
ISS. Within the current maximum contract value, NASA can still award another $6.1 billion under the
CRS-2 contracts. Of the $25.5 billion NASA has allocated to these programs, $19.4 billion has been paid
to the companies as of September 2023.

At the completion of ISS operations in 2030, the ISS will be safely de-orbited via a controlled re-entry
into an unpopulated region. This budget request includes $109 million in FY 2025 towards the
development of this capability, the U.S. Deorbit Vehicle (USDV). NASA intends to pursue this capability
with U.S. industry through a competitive procurement.

The Budget funds ISS operations and research, a vehicle to safely de-orbit ISS after it is retired in 2030,
and commercial space stations that NASA will use as soon as they become available The Budget
gradually reduces research and other activities on board the ISS in the outyears, beginning in FY 2026, to
provide the funding necessary for USDV development and Commercial LEO Development efforts. As a
result of this budget re-balancing, an assessment will be carried out to determine the full trade space of
potential changes needed to meet outyear funding levels; such options should include reducing the
number of science payloads/investigations to ISS and/or decreasing the number of astronauts on board the
USOS, among other options.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.
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[ Formulaton [  Development | Operations

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 1,642.0 - 1,7615 1,7734 1,7358 1,788.3 1,694.3

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Maintaining the ISS requires a fleet of
spacecraft to sustain a constant supply line of
both crew and cargo that is crucial to
operations and research. Deliveries not only
provide science experiments, supplies, and
maintenance hardware, but also rotate
crewmembers, return research and equipment
for repair, and dispose of waste.

The Crew and Cargo Program manages
transportation services provided by both
international partners and domestic
commercial providers. NASA’s commercial
service contracts to resupply the ISS have
changed the way the agency does business in LEO. With these contracts, NASA continues to advance
commercial spaceflight while simultaneously supporting the American jobs created by this industry.

Northrop Grumman’s Cygnus space freighter is pictured in
the grips of the Canadarm2 robotic arm following its capture
as both spacecraft orbited above Africa. (August 2023)

The Crew and Cargo Program budget supports all milestone payments for Commercial Resupply Services
(CRS)-2 contracted flights to provide cargo transportation for a multitude of users, including
transportation for National Laboratory science research payloads. Northrop Grumman, Space Exploration
Technologies Inc. (SpaceX), and Sierra Space are working under CRS-2 contracts with missions that
began in FY 2020. Under CRS-2, Sierra Space will launch CRS missions from Cape Canaveral, FL, as
SpaceX does today. Both of these providers also have or will have the capability to return science
experiments to Earth. SpaceX uses its Falcon 9 rocket to launch the Dragon-2 docking cargo vehicle,
while Sierra Space will use United Launch Alliance's Vulcan rocket to launch its Dream Chaser Cargo
(DCC) berthing vehicle. Northrop Grumman previously launched its Cygnus berthing cargo vehicle on
the Antares rocket from the Mid-Atlantic Regional Spaceport at NASA's Wallops Flight Facility (WFF)
in Virginia. Beginning in FY 2024, Northrop Grumman will launch its Cygnus spacecraft from KSC in
Florida on SpaceX's Falcon 9 rocket until an upgraded version of the Antares rocket is available.
Northrop Grumman provides trash disposal and may conduct additional experiments before the Cygnus
spacecraft burns up in the atmosphere after leaving ISS. These capabilities enable studies of fire
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suppression, deployment of small satellites, and other activities that may not be suited for ISS on-board
operations.

For years after the Space Shuttle was retired in 2011, crew transportation to ISS was provided using the
Russian Soyuz vehicle. However, beginning with the SpaceX commercial crew Demo-2 flight in May
2020, the United States is again launching astronauts into space and to ISS. The Commercial Crew
Program (CCP) manages these activities to develop and provide domestic crew transportation to the ISS
under the Commercial Crew transportation Capability (CCtCap) contracts with Boeing and SpaceX.

The Crew and Cargo Program also funds activities supporting visiting vehicles that provide transportation
for the ISS, including integration activities.

At the completion of ISS operations in 2030, the ISS must be safely de-orbited via a controlled re-entry
over an unpopulated region. Existing U.S. Orbital Segment transportation vehicles do not have sufficient
propulsive capabilities (e.g., thrust) or propellant quantities to meet the de-orbit needs. A much more
extensive vehicle redesign or new development would be needed to meet the de-orbit requirements.
NASA intends to pursue this capability with U.S. industry through a competitive procurement. Based on
the extent of this development, NASA estimates it would take industry four to five years to develop this
capability once the contract is awarded.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

Northrop Grumman completed 13 mission milestones in support of seven commercial resupply flights,
including milestones for successful completion of two CRS-2 flights in FY 2023. SpaceX completed 16
mission milestones in support of eight commercial resupply flights, including milestones for successful
completion of three CRS-2 flights in FY 2023.

Northrop Grumman completed two CRS-2 integration milestones required to demonstrate new contract
capabilities and design enhancements to support science and payload research objectives.

The program funded CCtCap contract milestones for post-certification crew missions that will be flown
by Boeing and SpaceX. The program supported three SpaceX Commercial Crew missions (Crew-5,
Crew-6, and Crew-7). More information on CCtCap progress can be found under the CCP portion of this
document.

The program supported the second private astronaut mission (PAM) with Axiom Space of Houston, TX.
In addition, the program supported two crewed Soyuz launches, and four launches of Progress, a Russian
cargo vehicle.
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In September 2023, NASA released a request for proposal from U.S. industry for the U.S. Deorbit
Vehicle, a spacecraft meant to safely de-orbit the ISS as part of its planned retirement.

In November 2023, NASA released a request for proposal from existing CRS-2 contractors. These
extensions will cover missions from January 2027 through December 2030.

WORK IN PROGRESS IN FY 2024

NASA expects six commercial resupply flights to deliver research and logistics hardware in FY 2024.
Northrup Grumman plans to launch two flights and complete 10 mission milestones in support of six
CRS-2 flights. SpaceX plans to launch three flights and complete 12 mission milestones in support of
seven CRS-2 flights. Sierra Space plans to launch DCC-1 and complete seven mission milestones in
support of five CRS-2 flights.

The program will also continue funding CCtCap contract milestones for post-certification crew missions
with Boeing and SpaceX. The program will support two SpaceX Commercial Crew missions (Crew-8 and
Crew-9). NASA expects to launch two commercial crew flights carrying four crew each flight. More
information on CCtCap progress can be found under the CCP portion of this document.

The program will support a PAM with Axiom Space and the Boeing Crew Flight Test (CFT). The PAM,
AX-3, launched on January 21 and Boeing CFT is planned no earlier than mid-April 2024. In addition,
the program will also support two Soyuz crew launches, and four Progress cargo launches, not funded by
NASA.

Contract award for U.S. Deorbit Vehicle is planned for 2024. The de-orbit vehicle will attach (via
docking) to the ISS at least one year prior to the planned ISS re-entry date to enable adequate time for
on-orbit tests and checkouts. Although nominal ISS end of life is late 2030, the government requires that
this de-orbit capability be available as soon as possible to protect for contingencies that could drive early

re-entry.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

The Crew and Cargo Program will enable continued research and technology development by providing a
stable crew and cargo flight plan.

NASA expects five commercial resupply flights to deliver research and logistics hardware in FY 2025.
Northrop Grumman plans to launch three commercial resupply flights and complete nine mission
milestones in support of five CRS-2 flights. SpaceX plans to launch one commercial resupply flight and
complete nine mission milestones in support of four CRS-2 flights. Sierra Space plans to launch one
commercial resupply flight and complete seven mission milestones in support of five CRS-2 flights.
These resupply flights will be vital for delivering not only the day-to-day supplies needed, but also the
experiments that enable the astronauts to continue important research on ISS.
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The program will also continue funding CCtCap contract milestones for post-certification crew missions
with Boeing and SpaceX. NASA is planning for at least two commercial crew missions annually. The
program is also preparing to support a fourth PAM. The flight schedule also includes two Soyuz crew
launches, three Progress cargo launches, and one H-II Transfer vehicle (HTV)-X, that are not funded by
NASA.

The FY 2025 Budget request includes $109 million in funding to begin work to develop a U.S. de-orbit
capability for ISS.

PROJECT SCHEDULE

Maintaining a regular rate of cargo delivery on a mix of NASA and international partner vehicles ensures
the ISS can sustain nominal operations and maintenance, while allowing the program to respond to any
anomalies that might occur. The table below shows all 30 scheduled ISS flight plans for FY 2024 and
FY 2025. Of these 31 planned flights, 15 are funded by NASA. NASA funds SpaceX, Northrop
Grumman, and Sierra Space cargo missions, as well as Boeing and SpaceX crew missions. The planned
spacing of the Commercial Crew and Soyuz crew rotation flights ensures a continuous crew presence on
the ISS and smooth transitions between crews.

Date Significant Event
Nov 2023 SpaceX (SpX) CRS-29
Dec 2023 Progress 86*

Jan 2024 AX-3 (PAM)*

Jan 2024 Northrop Grumman (NG) 20
Feb 2024 Progress §7P*

Mar 2024 SpX Crew 8

Mar 2024 SpX CRS-30

Mar 2024 Soyuz 71S*

Apr 2024 Boeing CFT

Jun 2024 Progress 88P*

Jun 2024 Sierra Space DCC-1
Aug 2024 SpX Crew 9

Aug 2024 Progress-89P*

Aug 2024 NG 21

SO-26



Space Operations: Space Transportation

CREW AND CARGO PROGRAM

[ Formuiation | Dovelopment | Oporatons ]

Sep 2024 SpX CRS-31

Sep 2024 Soyuz-72S*

No Earlier Than Oct 2024 AX-4 (PAM)*

Nov 2024 Progress-90P*

Dec 2024 SpX CRS-32

Feb 2025 NG 22

Feb 2025 Progress-91P*

Mar 2025 Soyuz-73S*

Mar 2025 - Under Review (UR) | JAXA HTV-X 1*

Spring 2025 Commercial Crew Mission
May 2025 PAM*

Jun 2025 Progress-92P*

Jul 2025 Sierra Space DCC-2

Fall 2025 Commercial Crew Mission
Aug 2025 NG 23

Sep 2025 Soyuz-74S*

*Missions are not funded by NASA

Project Management & Commitments

JSC is responsible for management of the Crew and Cargo Program.

Crew
transportation

. ' ' Provider: Boeing; SpX
Commercial crew transportation will Lead Centers: JSC, KSC

be provided by Boeing and SpX and ] )
managed by the CCP. Performing Center(s): N/A

Cost Share Partner(s): CSA, ESA, and JAXA
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Element Description Provider Details

NG, SpX, and Sierra Space will ) .
provide cargo transportation to the Provider: NG, SpX, Sierra Space, and JAXA

Cargo ISS via the major contracts described | Lead Center: JSC
transportation | below. JAXA will provide additional | Performing Center(s): GSFC, KSC

cargo transportation as part of the ISS | ¢t Share Partner(s): CSA, ESA, and JAXA
partnership.

Acquisition Strateqy

The ISS Program competitively procures all ISS cargo transportation services, excluding services
obtained via barter arrangements with our international partners or nominal cargo transportation provided
by Soyuz. On January 14, 2016, NASA competitively awarded CRS-2 contracts to Orbital ATK (now
Northrop Grumman), Sierra Space, and SpaceX, with cargo transportation services that began in
November 2019. Like the preceding CRS contracts, CRS-2 contracts are milestone-based, fixed-price,
indefinite-delivery-indefinite-quantity contracts.

In September 2014, NASA’s CCP awarded two Federal Acquisition Regulation (FAR)-based fixed-price
CCtCap contracts to Boeing and SpaceX for commercial crew transportation services to ISS that began in
FY 2021. CCP will continue to manage and provide technical insight on these contracts even though the
Crew and Cargo Program will fund remaining milestones in FY 2024 and beyond. These crewed vehicles
provide a minimum of 220 pounds of cargo, as specified by the ISS Program.

The USDV Request for Proposal was issued to U.S. industry in FY 2023 with award planned in FY 2024.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)
Crew transportation Boeing Houston, TX

Crew transportation SpX Hawthorne, CA

Cargo transportation NG Dulles, VA

Cargo transportation Sierra Space Louisville, CO

Cargo transportation SpX Hawthorne, CA
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INDEPENDENT REVIEWS

Operations

. Provides independent
Other NASA. Advisory Jan 2023 recommendations for the NASA No new .
Council . recommendations
Administrator
NASA Aerospace Provides independent assessments No open
Other Safety Advisory Nov 2023 of safety and recommendations to reco nlim endations
Panel the NASA Administrator
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 117.5 - 100.6 102.8 105.1 107.4 109.8

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

With technical guidance and support from NASA,
the U.S. private sector is developing and operating
safe, reliable, and affordable crew transportation to
space. Partnership with the commercial space
industry for access to ISS and other LEO
destinations bolster American leadership, eliminate
our reliance on foreign providers for this service,
and help stimulate the American aerospace industry.

- Crew transportation to ISS is currently provided
Shown here, a SpaceX Falcon 9 rocket soars upward using the SpaceX Crew Dragon, which was certified
after liftoff at the pad at 3:27 a.m. EDT on Saturday, in 2020, and the Russian Soyuz vehicle. The Boeing
August 26, 2023, from KSC’s Launch Complex 39Ain | gtarfiner spacecraft is still in the development and
Florida, carrying NASA’s SpaceX Crew-7 crew test phase but making significant strides towards
certification by NASA for crew transportation to
ISS. By supporting development of U.S. human
spaceflight capabilities, NASA is also contributing
to the foundation of a more affordable and
sustainable future for human spaceflight in LEO and
beyond.

members to the ISS.

Through the Commercial Crew Program (CCP) and
the Commercial Crew Transportation Capability
(CCtCap) contracts that they manage, NASA
provides technical insight/oversight and financial

\ i B

The Starliner crew module is shown here being support to industry partners as they develop and
hoisted in Boeing’s Commercial Crew and Cargo operate their crew transportation systems using
Processing Facility at KSC in Florida on January 19, milestone-based contracts and certifies them to carry

2023, before being mated to a new service module for

astronauts to and from the ISS, which ended the
NASA’s Boeing Crew Flight Test.

nation's reliance on foreign crew transportation to
ISS. Under this acquisition model, NASA defines
requirements up-front and pays the partner only once contract milestones are successfully completed. This
approach reduces financial risk to taxpayers and incentivizes the private sector to provide increased
cost-control and decreased systems development cost. In addition, this approach helped stimulate growth
of new space transportation industry capabilities available to all potential customers, strengthened
America’s space industrial base, and provided a catalyst for future business ventures that can capitalize on
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affordable, globally competitive U.S. space access. Returning these launches to American soil has
significant economic benefits, with more than 1,000 suppliers working across nearly every state. A total
of 14 Post Certification Missions (PCMs) have been awarded to SpaceX and six PCMs to Boeing.

In FY 2020, NASA initiated the Suborbital Crew (SubC) activity under the CCP to develop a safety case
assessment for commercial suborbital space transportation services. This assessment will support
procurement of commercial suborbital space transportation services for NASA Astronauts and other
NASA personnel. However, this activity does not include funding to procure services. The funding is to
support a safety assessment designed to ensure evaluate whether the systems are safe enough to fly NASA
personnel. After several years of development, the first commercial suborbital human space transportation
systems have entered commercial operations. The flight profiles of these vehicles include flying to
altitudes of approximately 100 kilometers, which results in periods of microgravity longer than drop
towers and parabolic aircraft flights create. Potential uses include human-tended microgravity research,
astronaut training, and testing and qualification of spaceflight hardware. Suborbital human spaceflight has
the potential to provide an effective and affordable way to meet the agency’s needs.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

SpaceX has launched three PCMs in FY 2023. SpaceX Crew-5 successfully launched on October 5, 2022,
carrying NASA astronauts Nicole Mann and Josh Cassada, JAXA astronaut Koichi Wakata, and
Roscosmos cosmonaut Anna Kikina. After staying 157 days in orbit, the Crew-5 astronauts returned to
Earth in a splashdown near the coast of Florida on March 12, 2023. On March 2, 2023, SpaceX Crew-6
launched from KSC, carrying NASA astronauts Stephen Bowen and Warren "Woody" Hoburg, United
Arab Emirates astronaut Sultan Alneyadi, and Roscosmos cosmonaut, Andrey Fedyaev. The Crew-6
astronauts spent approximately six months aboard the space station before returning to Earth on
September 4, 2023. Before Crew-6 departed, SpaceX Crew-7 launched on August 26, 2023, carrying
NASA astronaut Jasmin Moghbeli, ESA astronaut Andreas Mogensen, JAXA astronaut Satoshi
Furukawa, and Roscosmos cosmonaut Konstantin Borisov.

NASA and Boeing teams continued to make progress in preparing for Starliner's first crewed flight to and
from the ISS. NASA and Boeing completed a joint Crew Flight Test (CFT) checkpoint review in May
2023. During the checkpoint, mission teams discovered two technical issues with the spacecraft that
delayed the launch planned for July 2023. One issue was risk from a specific type of tape used on the
spacecraft to protect wires from chafing. The adhesive properties of the tape could present a flammability
risk under certain conditions. Boeing has been working to complete tape remediation as engineering
teams conduct flammability assessments on what remains. The second issue was with the efficiency of
certain joints within the parachute system. Boeing has redesigned the joints (i.e. soft link), which are
undergoing testing. Boeing has completed the Starliner spacecraft build and approximately 98 percent of
the certification products required for the flight test. NASA completed its rocket readiness assessment,
which evaluates all CFT launch vehicle segment flight critical items prior to integration activities. All
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rocket hardware is at the Cape Canaveral Space Force Station in Florida, awaiting processing ahead of
rocket stacking at the launch site. The NASA astronauts who will fly on CFT completed the critical Crew
Equipment Interface Test in February and March 2023. SubC continued progress towards refining the
approach for a safety case and determining how NASA will assess commercial suborbital crew systems
for NASA personnel safety.

WORK IN PROGRESS IN FY 2024

Crew-7 will spend several months aboard the ISS conducting new scientific research, including the ISS
external microorganisms investigation, which scientists hope will better our understanding of
microorganisms' ability to survive and reproduce in space. The crew will also perform ESA's sleep in
orbit investigation, where they will examine the physiological differences between sleep on Earth and in
space. SpaceX Crew-8 mission to the ISS is targeted to launch no earlier than early March 2024. The
mission will carry NASA astronauts Matthew Dominick, commander; Michael Barratt, pilot; and Jeanette
Epps, mission specialist, as well as Roscosmos cosmonaut mission specialist, Alexander Grebenkin to
join Expedition 70 and 71 crew members aboard the ISS to conduct a wide range of operational and
research activities. Crew-8 is expected to return to Earth in late August 2024. The SpaceX Crew-9
mission is targeted to launch no earlier than mid-August 2024. NASA and SpaceX will announce the
crew of four at a later date.

NASA and Boeing will conduct a parachute drop test in early 2024 and will continue to make progress
towards the first crewed flight of the Boeing CFT, planned for no earlier than mid-April 2024. CFT will
send NASA astronauts and test pilots Butch Wilmore and Suni Williams on a demonstration flight to
prove the end-to-end capabilities of the Starliner system. Starliner will launch atop a United Launch
Alliance Atlas V rocket from Cape Canaveral Space Force Station in Florida, spend approximately
eight days docked to the ISS, and return to Earth with a parachute and airbag-assisted ground landing in
White Sands, New Mexico.

NASA will support the Commercial LEO Development Program's Collaborations for Commercial Space
Capabilities (CCSC)-2 Space Act Agreements awardees by contributing technical expertise, assessments,
lessons learned, technologies, and data.

SubC will continue refining the approach to its safety case and determining how NASA will assess
commercial suborbital crew systems.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

CCP will continue to focus on mission planning and preparations for future CCP missions, as well as
remain actively engaged with the providers as they continue space hardware manufacturing, critical
testing, and qualification and verification events.

Having multiple U.S. domestic crew launch capabilities supports uninterrupted access to ISS, incentivizes
performance through competition, and reduces risk. Therefore, it is imperative that NASA achieve its
goal of certifying the Boeing Starliner crew transportation system. Once Boeing CCtCap certification is
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complete, both partners' space transportation systems will begin regularly flying astronauts to and from
ISS. NASA is planning for two Commercial Crew missions in 2025.

CCP will transition to sustaining operations at a level needed to safely operate with two commercial
providers. CCP will continue to manage the CCtCap contracts, including providing technical oversight
and managing modifications and upgrades to both crew transportation systems and potentially certifying
new launch vehicles or spacecraft to other LEO destinations in the future.

CCP will continue to support the CCSC-2 Space Act Agreements awardees by providing extensive
infrastructure, experience and knowledge in spaceflight development, and operations support.

Program Schedule

NASA funds SpaceX and Boeing crew missions related to United States Orbital Segment crew
requirements. Commercial crew flights planned for FY 2024 and FY 2025 are included in the table below.

Launch Date Significant Event

No Earlier Than (NET) March 2024 | SpaceX (SpX) Crew-8
NET Apr 2024 Boeing CFT

Aug 2024 SpX Crew-9

Spring 2025 Commercial Crew Mission
Fall 2025 Commercial Crew Mission

Program Management & Commitments

The SOMD team at NASA HQ performs strategic management and oversight of CCP, while KSC is
responsible for day-to-day CCP management, in collaboration with JSC. CCP partnered with industry
leaders and utilized a combination of Space Act Agreements and Federal Acquisition Regulation
(FAR)-based fixed-price contracts to stimulate efforts to develop and demonstrate crew transportation
capabilities.

Program Element Provider

Providers: Boeing, SpX

Lead Center: KSC

Performing Center(s): All

Cost Share Partner(s): Industry Partners (Boeing, SpX)

Commercial Crew Program
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Acquisition Strateqy

CCP facilitates development of a U.S. commercial crew space transportation capability with the goal of
achieving safe, reliable, and cost-effective access to and from space and the ISS. Under the CCP's
partnership approach, NASA engineers have insight into a company’s development process and evaluate
systems for overall safety, reliability, and performance. The agency’s technical expertise and resources
are also accessible to partner companies. Because companies are only paid a fixed amount, they are
incentivized to reduce costs and apply their most efficient and effective manufacturing and business
operating techniques throughout the process. Additionally, the partners own and operate their completed
transportation systems.

The current and final stage of the acquisition lifecycle began with the award of two FAR-based
fixed-price CCtCap contracts in September of 2014 for development, test, evaluation, and final NASA
certification of a Crew Transportation System. CCtCap contracts include demonstration of crewed ISS
missions and subsequent service missions. The contracts also include a Special Studies Services section
for special studies, tests, or analyses, as needed by NASA to reduce program risk. NASA's FAR based
fixed-price contracts during this phase allow for compliance with NASA's existing mission and safety
requirements for transporting crew to and from ISS.

NASA measures partner progress against fixed-price milestones based on performance of agreed upon
entrance and success criteria. Although the content varies by partner, milestones are designed to
demonstrate progress toward completing crew transportation system development, such as risk reduction
testing, design reviews, hardware development, and flight tests. The government pays for milestones only
after completion.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)
CCtCap Boeing Houston, TX
CCtCap SpX Hawthorne, CA

INDEPENDENT REVIEWS

Review Performer Dat? L] Purpose Outcome
Type Review
. Provide independent

Other NASA. Advisory Jan 2023 recommendations for the NASA No new .

Council . recommendations
Administrator

NASA Aerospace Provide independent assessments No open

Other Safety Advisory Nov 2023 of safety and recommendations to recorflmen dations
Panel the NASA Administrator
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Space Communications Networks 424.8 -- 543.5 499.7 491.2 495.1 509.2
Space Communications Support 107.2 -- 84.2 85.7 913 96.4 96.4
Total Budget 532.0 - 627.7 585.4 582.6 591.5 605.5

Pursuant to P.L. 105-261, Division A, Title X, Section 1064(d), this budget incurs no costs for frequency allocations.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

NASA'’s Space Communications and Navigation (SCaN)
capabilities provide mission-critical communications and
navigation services required by all NASA human and robotic
missions. These missions range from high-altitude balloons
to the ISS in LEO to Voyager 1, the most distant
humanmade object currently more than 14 billion miles from
Earth. SCaN retrieves science, spacecraft, and crew health
data for all these missions; uploads commands; and sends
data to individual control centers. Navigation services
NASA's Psyche mission launched from KSC, | determine the precise location of a satellite so it can control
shown here, on October 13, 2023, aboard a its trajectory through space, gather valid scientific data, and

SpaceX Falcon Heavy rocket. Psyche is . .
pace Y Y avoid other spacecraft or space debris.
carrying the Deep Space Optical

Communications (DSOC) technology SCaN provides planning and integration of current and
demonstration, which will test deep space future network capabilities to meet customer mission needs,
laser communications for future exploration . . . . .
nissions while reducing costs. It provides systems engineering,

) architecture planning, communications data standards,
technology development, testbeds for future capabilities, radio frequency spectrum management, and
navigation policy.

In addition to providing communication services to NASA missions, SCaN supports external customers,
including foreign governments, international partners, commercial entities (e.g., launch service
providers), and non-NASA U.S. missions, to which SCaN provides services on a reimbursable basis.

The Near Space Network (NSN) provides communication services to NASA users and missions using a
combination of commercially-owned and government-owned ground assets and relay spacecraft, which
allow for near real-time, low latency support, including support for human spaceflight operations. This
allows SCaN to offer global telecommunication services via the NSN for telemetry, tracking, and
command of LEO spacecraft such as the Hubble Space Telescope and ISS and vehicles from international
partners and commercial entities. SCaN's goal is to migrate the NSN away from government owned assets
by leveraging the diverse space communications capabilities provided by private industry to provide new
technology and capabilities for NASA missions. A key part of this migration includes commercial service
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demonstrations managed by the Communications Services Program (CSP). The goal is to begin migration
to these commercial services after the CSP demonstrations are complete in FY 2026.

The Deep Space Network (DSN) is focused on supporting deep space missions by utilizing its global
network of large antenna ground assets. Both networks support Commercial Crew providers and Artemis
missions. The DSN is a keystone of NASA's exploration of the solar system. This international network
supports interplanetary spacecraft missions and radio and radar astronomy observations for the
exploration of the solar system and the broader universe.

Both networks require maintenance, replenishment, modernization, and capacity expansion to ensure
continued operation and to meet new mission needs. Human and robotic exploration of the Moon requires
communications to support video, telemedicine, and advanced instruments that locate and identify
exploitable resources on the Moon (e.g., subsurface ice). SCaN is engaged in the planning of the Artemis
lunar exploration and science missions to ensure that communications and navigation capabilities meet
mission needs. SCaN is planning for expanded services for missions to the Moon, including a lunar relay
capability for missions that cannot communicate directly with Earth; additional lunar Direct-to-Earth
assets; and enhanced position, navigation, and timing services that are less dependent on tracking stations
on Earth.

SCaN participates in several U.S. and international organizations that coordinate compatibility and
interoperability in space communications and navigation. SCaN also promotes new technologies and
provides technical leaders and domain experts who ensure appropriate space communication standards are
available to NASA missions. The research and technology avenues within SCaN aim to predict the needs
of future communications missions in a manner that will yield performance advancements and reduced
costs.

SCaN is responsible for ensuring access to portions of the electromagnetic spectrum — a valuable, highly
regulated, and limited natural resource that all NASA missions require — necessary to support NASA's
mission needs, including ensuring interference-free operations and bandwidth availability.

For more information, go to http://www.nasa.gov/scan

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.
INDEPENDENT REVIEWS
Review Performer Date.: of Purpose Outcome
Type Review
Standing Program Implementation Review with SCaN Is tra ck%ng and
. Dec . L . working nine issues
SCaN Review focus on interdependencies, implementation | . .
2022 . ) identified by the Independent
Board planning, and risk gaps or shortfalls. .
Review Team.
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SPACE COMMUNICATIONS NETWORKS

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 424.8 -- 543.5 499.7 491.2 495.1 509.2

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Space Communications Networks provide 24/7, global, near-Earth
and deep space communications capability, plus tracking and
navigation services to more than 100 NASA missions and other
U.S. government missions, international civil space agencies, and
commercial missions. This capability ensures reliable and
near-continuous communication with NASA and customer
spacecraft. The Space Communication and Navigation (SCaN)
Program continuously examines and integrates commercial
capabilities and services to meet NASA’s space communications
and navigation requirements.

NASA'’s space communications networks provide ongoing services
to agency and customer missions, nominally averaging
approximately 600 tracking passes per day. Customer missions
include, but are not limited to, James Webb Space Telescope;
Parker Solar Probe; Joint Polar Satellite System; Interior The Launch Communications
Exploration using Seismic Investigations, Geodesy and Heat Station (LCS), shown here and
Transport Mars Lander; Ice, Cloud and land Elevation Satellite; located at KSC, supported the
Lucy; Landsat 9; Lunar Reconnaissance Orbiter; Mars Artemis I launch and is be“fg
Perseverance; Mars Reconnaissance Orbiter; Origins, Spectral ulfgr,aded,to ls ugporthArtemls .
Interpretation, Resource Identification, and Security — Regolith 2;:::::’&“;;;55 the upcoming
Explorer (OSIRIS-REX); Psyche; and Commercial Crew and )

Cargo. NASA would not be able to deliver key science data or

advance exploration goals without SCaN's network capabilities.

The Near Space Network (NSN) provides near-continuous communication services to users from ground
level up to cislunar distances via commercial and government assets. The NSN enables the utilization of a
reliable, robust, and cost-effective set of commercial space-to-ground communications services in which
NASA is one of many customers. The NSN supports an extensive, diverse customer base from suborbital
to Lagrangian orbits by providing direct-to-ground data transfer from spacecraft at S-, X-, and Ka-band
frequencies up to data rates of 3.5 gigabits per second. The relay component is comprised of a
constellation of government owned Tracking and Data Relay Satellites (TDRSs) and a mix of ground
antennas owned by NASA, universities, and private companies to maximize the network's geographic
coverage. NSN government assets, including the TDRS system, are maintained and operated by the
Advanced Communications Capabilities for Exploration and Science Systems (ACCESS) project. NSN is
the prime user interface for current and future missions to ensure compatibility, complete pre-mission
planning, and provide communication services during mission operations. NSN serves as the NASA
interface to commercial service providers in the United States and internationally.

SO-37



Space Operations: Space and Flight Support (SFS): Space Communications and
Navigation

SPACE COMMUNICATIONS NETWORKS

As a part of the NSN, NASA’s TDRS system is a constellation of government-owned,
contractor-operated communications satellites in geosynchronous orbit (more than 22,000 miles above the
Earth’s surface) matched with a set of space-to-ground link terminals located at NASA’s White Sands
Complex (WSC) in New Mexico, Guam, and Blossom Point, MD. NASA will maintain
government-owned ground stations necessary to communicate with geosynchronous, lunar, and highly
elliptical Earth orbits, as well as spacecraft launched from certain suborbital launch locations, supported
by the Launch Communications Segment (LCS). The LCS provides pre-launch, launch, ascent, and
landing communication services to various users through three modern ground stations: the Kennedy
Uplink Station on site at KSC; the Ponce de Leon Station 40 miles north in New Smyrna Beach, Florida;
and the Bermuda Tracking Station. Additionally, there are NASA-owned Direct-to-Earth ground stations
located at WSC, Alaska Satellite Facility, U.S. McMurdo Antarctic Station, and Wallops Flight Facility
(WFF) in Wallops Island, VA.

The Deep Space Network (DSN), which has operated for 60 years, provides reliable and high performing
communication and tracking services to approximately 40 NASA and non-NASA missions beyond
geosynchronous orbit. It is a worldwide network of 34-meter and 70-meter antennas that supports
interplanetary spacecraft missions and radio and radar astronomy observations for the exploration of the
solar system and the universe. The DSN currently consists of three deep-space communications facilities
located approximately 120 degrees of longitude apart around the world: at Goldstone in California's
Mojave Desert; near Madrid, Spain; and near Canberra, Australia. The site separation ensures any
spacecraft in deep space can always communicate with at least one DSN facility as the Earth rotates and
the spacecraft continues to move along its trajectory. Additionally, NASA uses the Goldstone Solar
System Radar (GSSR) capability to track and characterize near-Earth objects that pass within nine million
miles of Earth. The orbits of the near-Earth objects are determined and utilized by the SMD's Planetary
Science Division to assess the probability of a conjunction between the object and the Earth. Investments
in GSSR, such as installation of a new klystron, are underway to increase its capability for supporting
planetary defense research. The installation of new radar equipment, planned for completion in FY 2026,
will extend the radar's capability,which will increase the time to develop viable solutions to avoid orbital
collision for planetary defense.

NSN and DSN support a different set of customer requirements for spacecraft orbit, signal strength, and
real-time coverage. Both networks provide services to customer missions at a proficiency greater than
95 percent. To continue providing this level of support, each network requires regular maintenance,
modernization and capacity expansion, and IT security upgrades to combat the ever-growing
cybersecurity threats toward U.S. assets.

SCaN continues implementing the DSN "Road to Green" activity to improve the long-term maintenance
posture and network health requirements that ensure reliability and meet future agency needs.

The ongoing DSN Aperture Enhancement Project (DAEP) is modernizing and upgrading the DSN to
expand capacity, improve flexibility to support customer missions, and reduce operations and
maintenance costs. The project is augmenting the capabilities of the existing 70-meter antennas by
completing arrays of four 34-meter Beam Waveguide (BWGQ) antennas at each of the three DSN facilities:
California by 2026, Spain by 2027, and Australia by 2029. The BWG antennas allow for antenna arraying
and are less complicated, more flexible, and more cost-effective to maintain than the 70-meter antennas.
Antenna arraying combines the signals received by two, three, or four 34-meter antennas to offer
performance beyond that of one 34-meter antenna and up to the equivalent of a 70-meter antenna. When
missions do not require all four 34-meter antennas to be arrayed, the 34-meter antennas can support
multiple spacecraft individually, offering greater flexibility than a single 70-meter antenna. The new
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34-meter antenna construction efforts use Construction of Facilities funds appropriated in NASA’s
Construction and Environmental Compliance and Restoration account. As part of future DAEP
requirements, ScaN plans to install an 80-kilowatt transmitter on one 34-meter BWG antenna per DSN
facility to match the transmit capabilities of a 70-meter antenna and plans to be operational at all facilities
by 2029.

SCaN will continue to work on acquiring lunar communications relay services and an interoperable lunar
network through commercial service procurements and international partnerships. The network is
required to meet the communication and navigation needs for lunar missions and support mission
objectives such as human landing, sustained human presence, and scientific exploration on and around the
Moon. The Lunar Exploration Ground System (LEGS), a dedicated new set of 18-meter class antennas,
will provide additional capacity in support of lunar exploration and other missions, while preserving DSN
capacity for Mars and outer planet missions. SCaN is increasing its infrastructure to support human and
robotic exploration of the Moon, including providing a lunar communications capability and enhanced
position, navigation, and timing services. The Lunar Communications Relay and Navigation Systems
(LCRNYS) is an infrastructure that will meet NASA's mission needs; enable a sustainable, long-term
approach to human and robotic exploration; and embody an extensible solution for supporting future
travel to Mars and beyond.

In alignment with lunar interoperability and standardization goals, ScaN is in the process of implementing
Delay Tolerant Networking (DTN) to both the NSN and DSN. DTN will provide an internet-like
approach to spacecraft communications and the ability to handle greater data rates and volumes, up to

1.2 Gigabits per second (Gbps). Mission implementation of DTN began with the successful test of the
DSN and the Korea Pathfinder Lunar Orbiter (KPLO), and will continue with the NSN and the Plankton,
Aerosol, Cloud, Ocean Ecosystem (PACE). DTN will also be a part of optical communications
experiment on the Laser Communications Relay Demonstration (LCRD) and the Integrated LCRD LEO
User Modem and Amplifier Terminal (ILLUMA-T).

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

Consistent with prior years' successes, SCaN Networks continued to provide communications, tracking,
and navigation services at a 95 percent or greater proficiency rate to more than 100 entities, including
NASA and other U.S. government agencies, international civil space agencies, and commercial missions.

The DSN continued site preparations for Deep Space Station (DSS)-33 at the Canberra Deep Space
Communications Complex (CDSCC) for DAEP and completed pedestal construction and the facilities
installation for DSS-23 at the Goldstone Deep Space Communications Complex (GDSCC). The DSS-23
upgrades supported the Psyche/Deep Space Optical Communications mission and other optical
communication opportunities. DSN Lunar Exploration Upgrades (DLEU) continued for two more
antennas, DSS-24 and DSS-36, with DSS-36 Ka-band installation completed.

In June 2023, the construction of a solar farm was completed at the CDSCC through a Solar Power
Purchase Agreement, allowing for the generation of renewable energy. The DSN continued to complete
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key Road-to-Green tasks, including completion of GDSCC and CDSCC medium-priority fire and life
safety systems and procurement of antenna uplink spares.

An upgraded fencing system at the Apollo GDSCC site was completed in September 2023, with final
closeout planned for Q1 FY 2024. The enhanced fencing will significantly improve security measures at
the GDSCC location.

NASA released a Request for Proposal in February 2023 to support SCaN's commercialization goals and
the agency's lunar exploration plans, with awards planned for the Spring of 2024. These awards will
define the detailed milestones and validation for commercial lunar relay services. In addition to these
awards, LEGS will support lunar missions by providing a dedicated new set of antennas designed to help
alleviate the user load on the current 34-meter subnet and to allow DSN to focus on deep space support.
The LEGS project successfully completed an overall PDR in December 2022.

DTN demonstrations were successful between the DSN and KPLO, including the first formal in-flight test
and demonstration of video transfer, which took place in October 2023. The NSN is scheduled to
complete the first DTN experiment on LCRD in FY 2024 and continue preparing for PACE
implementation.

The ACCESS Project completed the fourth and final Operational Readiness Review (ORR) for the
Network Initiative for Ka-band Advancement (NIKA) antenna located at WFF in December 2022. With
completion of this ORR, all NIKA tri-band stations are operational.

WORK IN PROGRESS IN FY 2024

SCaN networks will continue to provide communications, tracking, and navigation services to more than
100 NASA and other U.S. government, international civil space agencies, and commercial missions at a
95 percent or greater proficiency rate.

The DSN will continue the DLEU effort, with DSS-24 and DSS-34 scheduled for completion in FY 2024.

The LEGS project will conduct an Antenna PDR in Q1 FY 2024, an Antenna CDR in Q2 FY 2024, and a
Signal Processing CDR in Q2 FY 2024. Radiofrequency (RF) compatibility testing is also scheduled to be
completed in Q3 FY 2024.

DSN sustainment and maintenance activities and the Road-to-Green initiative will continue, resolving
recommendations from the fire safety review team and additional sparing for critical uplink systems.
Obsolescence tasks for antenna subsystems will continue during FY 2024.

NIKA will provide high-rate downlink services to NASA-ISRO Synthetic Aperture Radar and PACE,
launching in FY 2024. The NSN DTN implementation is also scheduled to complete the first
demonstration with the PACE mission.

DSS-54 pedestal build and installation of mirrors will be completed by Q4 FY 2024. The DSS-23
Antenna build will be completed, and electronics will be delivered.

SCaN continues to lead LCRNS requirements and interoperability specification refinement for lunar relay
services. SCaN released revision five of the LCRNS interoperability specification draft and received
feedback from relevant industry, academia, and international stakeholders. SCaN continues to support
Source Evaluation Board (SEB) evaluations of the Lunar Relay Service proposal with awards anticipated
in Q2 of FY 2024.
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KEY ACHIEVEMENTS PLANNED FOR FY 2025

SCaN Networks will continue to provide communications, tracking, and navigation services to more than
100 NASA and other U.S. government agencies, international civil space agencies, and commercial
missions at a 95 percent or greater proficiency rate, including the crewed Artemis Il mission and Europa
Clipper science mission, both launching in FY 2025.

DLEU is committed to understanding future missions' requirements for upcoming lunar activities.
Upgrades to the DSN will be a critical communications component to achieve human spaceflight on and
around the lunar surface. The DLEU will improve communications and navigation by upgrading and
expanding the network to provide higher data rates and higher latency. In FY 2025, upgrades to DSS-24
and DSS-34 will be completed, will begin and complete upgrades to DSS-56. By the end of FY 2025,
three of six antenna upgrades will be complete. LEGS validation efforts will continue in FY 2025, while
Lunar Relay validation will continue through FY 2025 and beyond. LEGS is scheduled to complete a
Global CDR in Q1 FY 2025. Delivery of LEGS antenna 1 to WSC is planned for Q3 FY 2025. Initial
preparatory activities for the potential LEGS site 2 in South Africa will also continue.

Following award of the lunar relay services contract(s) and kickoff, SCaN will manage vendor validation
and verification milestones to prepare for the eventual launch and on-orbit validation of an initial lunar
relay satellite.

Project Schedule
The table below includes significant SCaN network milestones in FY 2024 and FY 2025.

Date Significant Event

Q1 FY 2024 DSS-24 DLEU Upgrade Complete
Q1 FY 2024 LEGS Antenna PDR

Q2 FY 2024 LEGS Antenna CDR

Q4 FY 2024 DSS-34 DLEU Upgrade Complete
Q1 FY 2025 LEGS Global CDR

Q3 FY 2025 DSS-56 DLEU Upgrades Complete

Project Management & Commitments

Element Description Provider Details

ACCESS provides the project management and subject Provider: ACCESS Project
matter expertise required to operate, maintain, and sustain | Office

assigned Government Owned / Contractor Operated Lead Center: GSFC
ACCESS ground- and flight-based systems and assigned facilities to
provide NASA, other government agencies, and partners
optimal communications and navigation mission services Cost Share Partner(s):
through its alignment to and interfaces with the NSN. Non-NASA customers

Performing Center(s): N/A
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Element Description Provider Details
NSN provides the project management and subject matter (P;rt%vider: NSN Project
expertise required to provide continuous LEO 1ce
communication services to users via commercial and Lead Center: GSFC
NSN . . .
government assets and providers. NSN will act as the Performing Center(s): N/A
government interface to the commercial service providers Cost Share Partner(s):
located in the United States and internationally. Non-NASA custom er's
CIS functionally will provide project management grfc}vider: CIS Project
Commercialization leadership and subject matter expertise required to identify 1ce
Innovation and opportunities, extend invitations, implement collaborative | Lead Center: GSFC
Synergies (CIS) solutions, and nurture diverse relationships to leverage Performing Center: N/A
ynerg f:o(gnmercial capabilities across the space communications Cost Share Partner(s):
industry. Non-NASA customers
Provider: DSN Project
Office
DSN DSN provides communication and navigation services to | Lead Center: JPL
customer missions in deep space. Performing Center(s): N/A
Cost Share Partner(s):
Non-NASA customers

Acquisition Strateqy

Acquisition methods utilized to provide operational network capabilities include competitive
procurements and international partnerships. JPL provides the management of the DSN. NSN issued a
solicitation to provide Lunar communication and navigation services to directly support of Artemis.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)
DSN JPL/California Institute of Technology Pasadena, CA

NSN Peraton Herndon, VA

DSN g(r);gli(;ggoer?lth Scientific and Industrial Research Canberra, Australia

DSN Instituto Nacional de Tecnica Aeroespacial Madrid, Spain
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 107.2 - 84.2 85.7 91.3 96.4 96.4

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The projects in Space Communications Support provide
the Space Communications and Navigation (SCaN)
Program with planning, management, systems engineering,
spectrum and data standards management, and advanced
technology development that will enable, improve, and
mature available spacecraft communication and navigation
technologies for ground and space-based use. Technology
development efforts are created and tested in laboratory
settings before they are taken into space for further testing
and demonstration.

On November 9, 2023, SCaN's optical

The SCaN Program leverages technical expertise in radio communications demonstration mission,
frequency (RF) and optical communications, navigation, ILLUMA-T, launched aboard the SpaceX
and networking to develop solutions critical to providing CRS-29 resupply mission (shown here) to the
communication and navigation capabilities across the ISS. ILLUMA-T will be installed outside the
agency, for use with commercial satellite communication ISS, where it will test laser relay

providers. These technologies will demonstrate using a communications with SCaN's LCRD mission.

common radio to provide cross-service support for NASA,
commercial, and other U.S. government networks.

A combination of government and commercial investments enable technology development, such as
development of a lunar Global Navigation Satellite System (GNSS) receiver that will substantially reduce
network loading and improve navigation autonomy and accuracy, which are critical capabilities for
Artemis and Moon to Mars missions. Lunar surface communications and navigation will be advanced
with fourth generation long-term evolution cell phone technology in collaboration with Nokia. SCaN is
also reducing risk to future missions as the Tracking and Data Relay Satellite system is gradually retired
by investing in user terminal technology that will enable missions to use satellite services from a variety
of commercial providers.

As the space user community expands and data demand grows, SCaN is leading the development of high
data rate communications through optical technology. Optical communications, also known as laser
communications, is highly efficient compared to RF, offering higher data rates and reduced power and
mass requirements, but currently at a higher cost. This long-term investment has yielded successful flight
demonstrations in near-Earth, cislunar, and deep space. An optical terminal will fly on the Artemis II
mission for additional demonstrations of the viability of optical communications for missions seeking
higher data volume than achievable with RF alone.

SCaN serves as the NASA representative to the Interagency Operations Advisory Group and Consultative
Committee for Space Data Systems and provides the secretariats for both entities. Space communications
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data standards enable world space agencies and industry to interoperate and provide each other primary
and backup communications services, reducing mission risk and alleviating the need to build and deploy
additional space and ground assets. These standards provide significant cost savings to NASA without
reducing the services or coverage available to space missions and serves as a compatibility and
interoperability guide for industry.

SCaN is responsible for ensuring NASA has access to the electromagnetic (EM) spectrum, and that
sufficient, free from interference bandwidth is available. The EM spectrum is a valuable, highly regulated,
and limited natural resource that all NASA missions require. SCaN serves as the agency's Spectrum
Manager and provides NASA representatives to advocate for NASA's requirements at domestic spectrum
governing bodies, including the Interdepartment Radio Advisory Committee within the National
Telecommunications and Information Administration and at international spectrum governing bodies.

SCaN represents NASA's interests at multiple international technical forums, including the World
Radiocommunication Conferences (WRCs). These conferences review and revise the International
Telecommunication Union's Radio Regulations, which govern international use of the electromagnetic
spectrum. NASA's delegates lead several key WRC working groups and regional committees throughout
the year. In both the domestic and international arenas, NASA continues to engage with the commercial
sector to identify more flexibility in using spectrum resources that will meet mission objectives for the
entire space community.

NASA spacecraft in Earth orbit can employ the U.S. Global Positioning System (GPS) and other GNSS
signals for precision positioning, navigation, and timing (PNT), allowing NASA to minimize network
tracking burdens while maximizing spacecraft autonomy and improving operations. SCaN manages
NASA'’s policy on GPS use, represents NASA at the U.S. PNT Executive Committee, works with the
United States Space Force to continue improving GPS capabilities to support space users, and leads
U.S. efforts at the United Nations International Committee on GNSS to facilitate interoperability of
GNSS capabilities to support space users.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

NASA's STMD and SCaN jointly developed the Laser Communications Relay Demonstration (LCRD)
Project, with SCaN funding the ground operations and STMD funding the spacecraft payload. LCRD was
launched in December 2021 and was NASA's first long-duration optical communications project
demonstrating technologies that could be used on future missions. SCaN continued to operate the LCRD
payload and experiments throughout the two-year experiment period, which included an experiment to
verify the collection of metric-tracking data from optical links. LCRD is scheduled to complete its
experimental phase in Q3 FY 2024. The experimental phase will demonstrate the unique capabilities of
optical communications, which include data rates 10 to 100 times faster than RF systems and improve
metric tracking performance.

The TeraByte InfraRed Delivery (TBIRD) is a CubeSat payload capable of delivering 200 gigabits per
second (Gpbs) from LEO to Earth. The TBIRD payload technology is based on 1,550 nanometer
wavelength commercial components used for terrestrial fiber optic connections. The TBIRD continued
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demonstrations, supported by the Optical Communications Telescope Laboratory (OCTL) at JPL's Table
Mountain Facility. On April 28, 2023, TBIRD achieved a milestone of 200 Gpbs throughput on a
space-to-ground optical link, the highest data rate ever achieved through optical communications
technology.

The Deep Space Optical Communications (DSOC) integrated payload on the Psyche spacecraft was also
developed through a joint SCaN/STMD collaboration. The DSOC payload was integrated onto the Psyche
spacecraft in Q3 FY 2023 and launched on October 13, 2023.

SCaN is leading NASA efforts on the Lunar GNSS Receiver Flight Experiment (LuGRE), which is
launching on the Blue Ghost Mission-1 (Commercial Lunar Payload Services [CLPS] Mission 19D) in
FY 2024. The LuGRE payload includes a GPS-Galileo receiver, furnished by the ASI, that will be used to
validate the use of GPS and Galileo signals throughout cislunar space and on the nearside of the Moon.
The LuGRE payload was delivered to Firefly Aerospace in Q2 FY 2023 for integration on the Blue Ghost
Mission-1 lunar lander. LuGRE completed a Ground Segment Design Review in Q4 FY 2023.

SCaN's Wideband Polylingual Experimental Terminal (PExT) mission made major progress from an
early concept review to development of payload hardware through payload integration. This included
CDRs and environmental testing of the antenna, power amplifier, and radio. The PExT flight mission also
developed payload scheduling software focused on demonstrating the operation of the payload across
multiple service providers. The team leveraged the NextSTEP Broad Agency Announcement (BAA)
Appendix L (titled CIS Capability Studies II: Wideband/Phased Array/Crosslink) to begin working with
commercial industry to make similar terminals available for users.

In December 2022, the NavCube3 mini (NC3m) GNSS receiver passed a Technology Readiness

Level 6 assessment. This low size, weight, and power (SWaP) receiver will demonstrate a capability to
operate in all Earth orbit regimes and cislunar/lunar space. NC3m has already demonstrated excellent
performance on high fidelity LEO, Geosynchronous Equatorial Orbit (GEO), and lunar hardware in the
loop simulations

WORK IN PROGRESS IN FY 2024

The Integrated LCRD LEO User Modem and Amplifier Terminal (ILLUMA-T) optical demonstration
payload launched to ISS on November 9, 2023. This includes continued operations of the LCRD payload
and ground station support via the OCTL. ILLUMA-T will demonstrate LEO to GEO optical
communications crosslink via the operational LCRD payload in GEO, demonstrating a 1.244 Gpbs relay
link.

DSOC launched onboard the Psyche spacecraft on October 13, 2023, with a two year demonstration
period. DSOC will demonstrate deep-space optical communication uplink data rates of 1.6 kbps for
multiple ranges between 0.25 and 1 astronomical units. It will also present key capabilities related to
pointing accuracy and implementation of the High Photon Efficiency signaling standard.

The Optical-to-Orion (O20) terminal on the Artemis II Orion spacecraft will provide 260 megabits per
second of bandwidth. The O20 payload is scheduled to complete all Ground Readiness Tests and Mission
Readiness Tests by the end of Q3 FY 2024. The 020 Ground Terminal at Table Mountain will conduct
an Operational Readiness Review (ORR) in Q3 FY 2024 in preparation for supporting the Artemis II
launch.
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Low-Cost Optical Terminal (LCOT) is an optical ground station utilizing commercial-off-the-shelf and
modified hardware. LCOT will conduct a CDR, finalize integration and testing, and conduct a more
sophisticated demonstration with LCRD in Q4 FY 2024.

The LuGRE GPS-Galileo flight experiment will conduct an ORR in Q4 FY 2024 and then launch as part
of the Blue Ghost Mission-1 lunar lander. This experiment will validate the use of GPS and Galileo
signals for positioning, navigation, and timing at lunar distance.

SCaN is also leading efforts to validate multi-GNSS use for range safety applications, including the Space
Loft 15 GPS-Galileo flight experiment, which will launch in FY 2024.

The Wideband PExT mission plans to complete payload environmental testing, bus integration, and
launch on SpaceX Transporter 11. The Wideband PEXT mission will have six months of planned
operations extending into FY 2025.

SCaN will also support WRC-23 in Q1 FY 2024.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

NASA will continue the DSOC optical demonstrations. O20 will successfully support Artemis II and
Orion, transmitting high-resolution images and video from the Moon to Earth at rates up to 260 megabits
per second, a rate not available with the current Orion communications system.

NASA will complete its series of optical communications technology demonstrations ILLUMA-T,
DSOC, and 020, having demonstrated optical communications for spacecraft in LEO, GEO, and Deep
Space. LCOT will conduct a demonstration with O20 in Q1 FY 2025.

The LuGRE will complete its mission in Q1 FY 2025.
The Wideband PExT mission will continue operations into FY 2025.

Project Schedule
The table below includes significant Space Communication Support milestones in FY 2024 and FY 2025.

Date Significant Event

Q1 FY 2024 Psyche Launch - DSOC begins demonstration
Q1 FY 2024 WRC 2023 conference

Q1 FY 2024 ILLUMA-T Launch

Q1-Q3 FY 2024 | ILLUMA-T demonstration with LCRD

Q2 FY 2024 Wideband PEXT launch on SpaceX Transporter 11
Q4 FY 2024 LuGRE ORR

Q4 FY 2024 Blue Ghost Mission-1 CLPS-19D Launch

Q4 FY 2024 LCOT Demonstration Lunar Relay CDR
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Q4 FY 2024 LCOT Demonstration with LCRD

Q1 FY 2025 LCOT Demonstration with 020

Q1-Q2 FY 2025 | Wideband PEXT operations complete

Project Management & Commitments
The SCaN Program office at NASA HQ manages Space Communications Support functions.

Provides critical communication and navigation architecture

Space planning, technology development, data standards development and | Provider: NASA
Communications | management, and spectrum management for NASA. Includes Responsible
Support program management, business management, navigation policy Center: HQ

support, and external communications.

Acquisition Strateqy

Space Communications Support functions use multiple small, contracted efforts, most of which are
support services functions.

MAJOR CONTRACTS/AWARDS

Wideband Applied Physics Laboratory Laurel, MD
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 51.7 - 59.4 59.4 59.4 59.4 59.4

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Communications Services Program (CSP)
focuses on demonstrating the feasibility of

s Science Misore gl commercially provided satellite
communications (SATCOM) services to NASA
missions. CSP is pursuing demonstrations that
will allow future NASA missions to use flight
qualified commercial communications services.
Ultimately, near-Earth users will begin
transitioning from using NASA owned
networks to commercially provided services.

SATCOM

The Communications Services Program will collaborate .
with industry to demonstrate the commercially provided The CSP effort is a component of the larger

data relay services, shown here, available for NASA space NASA strategy to migrate near-Earth missions
missions. from communications and navigation services

provisioned by government-owned networks to
commercial networks. This transition to commercial services, and particularly commercial SATCOM, is
driven by the state of current NASA network assets, National Space Policy, and long-standing federal
procurement policies that direct the government to make use of, rather than duplicate, commercially
provided services. NASA will not replenish the Tracking and Data Relay Satellites (TDRS), as aging
spacecraft assets are decommissioned in the 2030's. NASA will continue to support existing users but
seeks to transition future space-relay users to commercial providers. This approach is consistent with
federal policies intended to increase the cost-effectiveness of government operations and leverage
investments that have already been made by the private sector.

The SCaN Program has overarching agency responsibility to ensure operational NASA missions receive
required communications and navigation support. CSP retains responsibility to execute demonstrations of
commercial SATCOM services and provide assessments and recommendations for service acquisition to
the agency. SCaN will ensure that the transition to commercial services is managed in concert with the
gradual phase out of the existing NASA-owned network resources.

NASA has a diverse set of users and communications needs against which commercial capabilities will be
evaluated, such as launch vehicle support, visiting vehicles to ISS, human space flight, and science
missions in Earth orbit ranging from flagship observatories to SmallSats and CubeSats. CSP intends to
leverage SATCOM capabilities developed for terrestrial users to bring flexibility and functionality of
commercial service to the space domain. CSP will work with the commercial market to identify
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requirements and explore opportunities that are mutually beneficial to NASA and industry. NASA
expects to work with multiple commercial entities to demonstrate capabilities that best fulfill NASA's
requirements, while also being compatible with a larger market where NASA can be one of many
customers. These agreements will be designed to bolster American industry and reduce the cost of
communication services to NASA, while promoting a diverse commercial market and maximizing
interoperability between government and commercial service providers.

The CSP budget will support multiple agreements between NASA and commercial SATCOM companies
to develop and demonstrate capabilities that can meet NASA’s needs and begin the initial planning for
acquisition of commercial SATCOM services. The goal is to begin migration to these commercial
services after the demonstrations are complete in FY 2026.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

CSP has completed an Analyses of Alternatives (AoA) assessment to explore systems engineering trades
and evaluate operational approaches for provisioning future commercial services. CSP began formal
engagement with the Near Space Network to include their participation in the AoA.

On April 20, 2022, NASA selected six satellite communications (SATCOM) providers to begin
developing and demonstrating, near-Earth space communication services that may support future agency
missions: Inmarsat Government Inc., Kuiper Government Solutions (KGS) LLC, SES Government
Solutions, Space Exploration Technologies (SpaceX), Telesat U.S. Services LLC, and Viasat
Incorporated. Each of the six partners have unique milestones. Current schedules for all six partners
conclude the demonstration phase in FY 2026. Inmarsat Government, Inc. has achieved four milestones,
including the ELERA Network Enhancements CDR. KGS has completed six milestones, including a
Mission Concept Review. SES Government Solutions has completed three milestones, including an
Architecture CDR. SpaceX has completed two milestones, including an Optical Communications Package
Technical Interchange Meeting (TIM). Telesat U.S. Services, LLC has completed five milestones,
including an Architecture CDR. Viasat Incorporated has completed four milestones, including a
Spaceflight Demo System Requirements Review.

CSP will continue formal engagement with the mission community and stakeholders to review the
progress and results of the demonstrations. The most recent mission engagement forum, held on
October 12, 2023, included participation by all six CSP partners and over 200 members of the NASA
mission community.

WORK IN PROGRESS IN FY 2024

CSP plans to continue monitoring partner progress through the demonstration period. CSP will identify
capabilities gaps, if any, using NASA use cases and through direct mission engagement. The AoA
activity will continue into FY 2024 and be a key input for future acquisition planning. CSP will initiate
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planning for subsequent acquisition of services by leveraging knowledge gained during demonstrations,
the AoA, assessment of commercial provider readiness date, and coordination with the Near Space
Network. The planning work completed by CSP will inform an agency decision to formally end new
mission commitments to TDRS service.

While each partner has unique milestones, FY 2024 will encompass milestones such as CDRs/Interim
Design Reviews or the launch of test network infrastructure. Inmarsat Government, Inc. is expected to
complete six milestones, including ELERA Space Relay CDR. KGS is scheduled to complete five
milestones, including the Test Readiness Review. SES Government Solutions is scheduled to complete an
Electronically Steered Array (ESA) Ground Demo and four milestones including a Pre-Shipment
Readiness Review (PSRR). SpaceX is scheduled to complete two milestones, including a Service Level
Agreement (SLA) Coordination TIM. Telesat U.S. Services, LLC is scheduled to complete seven
milestones, including an Interim Design Review. Viasat Incorporated is scheduled to complete seven
milestones, including a Spaceflight Demonstration CDR.

CSP will continue to manage the overall demonstration portfolio to stay within the project's allocated
funding profile and to mature the set of capabilities to support a service solicitation.

KEY ACHIEVEMENT PLANNED FOR FY 2025

CSP plans to continue to monitor and manage the partner progress through the demonstration period,
execute biannual mission engagement forums, and complete an updated assessment of commercial
readiness. CSP will continue to identify capabilities and gaps as applicable during vendor milestone
reviews. In FY 2025, planned major accomplishments include the KGS Pre-Production Network
Development Launch; an Interim Design Review provided by SES Government Solutions; a Mission
Readiness Review with Inmarsat Government Inc.; a Spaceflight Demonstration Flight Readiness Review
with Viasat Incorporated; and a High-Rate Data Relay Demonstration TIM with SpaceX. Additionally,
Telesat U.S. Services will provide an ESA Ground Demo.

By leveraging demonstration knowledge, CSP will prepare for subsequent acquisition of services and
TDRS transition. CSP will utilize the outcomes of the AoA to help define the future architecture and the
role of NASA for commercial services. CSP will continue coordinating and collaborating on the infusion
of commercial services with the Near Space Network.

Program Schedule

The table below includes significant Communication Services Program milestones in FY 2024 and
FY 2025.

Date Significant Event

Q1 FY 2024 KGS LLC: Test Readiness Review (Phase 2.2)

Q2 FY 2024 Viasat Incorporated: Spaceflight Demonstration CDR
Q3 FY 2024 SES Government Solutions: PSRR
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Date Significant Event

Q3 FY 2024 SpaceX: SLA Coordination TIM

Q4 FY 2024 Inmarsat Government Inc.: ELERA Space Relay CDR

Q4 FY 2024 Telesat U.S. Services LLC: Interim Design Review

Q1 FY 2025 KGS LLC: Pre-Production Network Development Launch

QI FY 2025 SES Government Solutions: Interim Design Review

QI FY 2025 SpaceX: High-Rate Data Relay Demonstration TIM

Q2 FY 2025 Inmarsat Government Inc.: Secondary Launch Partner Mission Readiness Review
Q4 FY 2025 Telesat U.S. Services LLC: ESA Ground Demo Complete

Q4 FY 2025 Viasat Incorporated: Spaceflight Demonstration Flight Readiness Review

Program Management & Commitments

Program Element Provider

Provider: CSP Project Office
Lead Center: GRC
Performing Center(s): N/A
Cost Share Partner(s): N/A

Communications Services

Acquisition Strateqy

Similar to the approach used for the Commercial Orbital Transportation Services and Commercial Crew,
NASA used funded Space Act Agreements (SAAs) for the CSP demonstration awards. By using funded
SAAs, CSP will stimulate industry to demonstrate end-to-end capability leading to operational service.
These demonstrations will inform the future acquisition strategy for transitioning near-Earth NASA users
to suitable commercially provided services. This acquisition strategy could include commercial service
contracts, hosted payloads, and/or public-private partnerships to obtain commercially provided satellite
communications services.
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MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)
SATCOM Demonstration Inmarsat Government Inc. Reston, VA

SATCOM Demonstration KGS LLC Arlington, VA

SATCOM Demonstration SES Government Solutions Reston, VA

SATCOM Demonstration SpaceX Hawthorne, CA

SATCOM Demonstration Telesat U.S. Services LLC Arlington, VA

SATCOM Demonstration Viasat Incorporated Carlsbad, CA

INDEPENDENT REVIEWS

In FY 2022, CSP completed a peer level Formulation-Systems Requirement Review (F-SRR), tailored

from NASA engineering best practices and a key milestone in support of the funded SAA solicitation and
awards. Individual demonstration reviews will be held according to industry best practices and individual
milestones definitized in demonstration contracts.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 101.5 - 105.0 105.8 105.8 105.9 108.0

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Human Space Flight Operations (HSFO) Program
supports the astronaut corps, space flight readiness training,
and health of crew members before, during, and after each
spaceflight mission to the ISS and will support future
Artemis missions. All crews on board ISS have undergone
rigorous preparation, which is critical to mission success.
Within the HSFO Program, the Space Flight Crew
Operations (SFCO) Project provides astronaut selection and
space flight readiness training, while the Crew Health and
Safety (CHS) Project manages all aspects of NASA

Pictured here, NASA astronauts Reid

astronaut crew health.

To pave the way to the Moon and on to Mars, NASA is
working with industry to develop the transportation,
habitation, and exploration systems that will enable crewed

Wiseman, Victor Glover, and Christina Koch,
with CSA astronaut Jeremy Hansen, are
announced as members of the Artemis 11
crew that will travel around the Moon (April
4, 2023).

exploration of destinations beyond Earth’s orbit. NASA

must also prepare the human system for living and working for extended periods in the hostile
environment of space. As astronauts explore further from Earth, many different issues may arise that
require investigation. Questions that should be considered are:

e  What health risks will astronauts face and how are they resolved?

e What type of training will crews need to prepare for months of travel in the harsh space environment?

e How will the crew deal with medical emergencies or technical anomalies when Earth is no longer
within reach?

e How will NASA keep crews operating at peak performance during their mission to ensure mission
success?

CHS, in collaboration with NASA’s Office of Chief Health and Medical Officer and the Human Research
Program (HRP), answers these and other questions to ensure crew health, safety, and mission success.
SFCO and CHS are responsible for astronaut space flight readiness training and health, while HRP funds
research of human health and performance countermeasures, the human response to space, and
technologies that enable safe, reliable, and productive human space exploration.
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Scientifically Calibrated In-Flight Imagery (SCIFLI) will collect real-time visual, infrared, and spectral
data on vehicles while they are in-flight to improve effectiveness and safety of commercial and NASA
missions.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

SFCO directed and managed the astronaut corps and provided trained astronauts for NASA human
space flight efforts, including for Expeditions 68 and 69.

SFCO provided support to the crew during launch, landing, and recovery operations for ISS
Expeditions. This included the validation of Extravehicular Activity (EVA) and Intravehicular
Activity (IVA) tool interfaces to ensure on-orbit functionality for 10 different missions.

SCIFLI acquired airborne and ground-based imaging data during Space Launch System (SLS) ascent
and Orion entry, descent, and landing.

CHS maintained the Astronaut Occupational Health Plan that includes clinical certification for 40
Active U.S. government Astronauts and health and fitness through training, flight, post-mission
recovery, medical and behavioral health management, physical conditioning, radiation exposure
reports and baseline occupational surveillance, as well as medical risk modeling through Probabilistic
Risk Assessment tools.

CHS continued to implement all aspects of the TREAT Astronauts Act to monitor, diagnose, and treat
former U.S. government Astronauts.

Data obtained under the TREAT Astronauts Act, as well as all CHS activities, continued to be added
to the Information Management Platform for Data Analytics and Aggregation (IMPALA) data
analysis tool for informing current and future operational programs and paradigms for crew health,
safety, and performance.

WORK IN PROGRESS IN FY 2024

SFCO will direct and manage the astronaut corps and provide trained astronauts for NASA human
space flight efforts, including for Expedition 70 and 71 and Boeing's Crew Flight Test (CFT) mission.
In addition, SFCO will continue training astronauts for the Artemis II mission. SFCO will begin the
recruitment and selection process for the 2025 Astronaut Candidate (ASCAN) class.

SFCO will continue to operate and maintain the T-38 high performance jets in support of space flight
readiness training, Gulfstream aircraft in support of direct crew return after completion of ISS
Expeditions and the Boeing CFT mission, Super Guppy aircraft in support of oversized cargo
transportation for NASA's programs, and WB-57 aircraft in support of high-altitude imagery for
NASA's human space flight and science programs.

SFCO will provide support to the crew during launch, landing, recovery, and rescue operations for
ISS Expeditions and the Boeing CFT mission. This includes vehicle hardware inspections for ISS
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Cargo resupply and Axiom 3 missions; launch and landing operations support for Crew-7, Crew-8,
Crew-9, and Boeing CFT missions; Human in the Loop Testing support for Commercial Crew
Program (CCP), Commercial LEO Development Program (CLDP), Human Landing System,
Gateway, EVA and Human Surface Mobility Program, and Lunar Terrain Vehicle.

CHS will maintain the Astronaut Occupational Health Plan that includes clinical certification for 45
active U.S. government Astronauts and health and fitness through training, flight, and post-mission
recovery.

CHS will continue to implement all aspects of the TREAT Astronauts Act, including the TREAT
Astronauts Act Board, which assists in determining whether medical conditions are associated with
spaceflight.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

SFCO will direct and manage the astronaut corps and provide trained astronauts for NASA human
space flight efforts, including for ISS and Artemis missions. SFCO is targeting 2025 and 2027 for the
next ASCAN class selections.

The current T-38 fleet is projected to be retired in the 2030s. Because replacing the T-38 would
require a budgetary expenditure in the hundreds of millions of dollars (even to procure a smaller high-
performance fleet), NASA is evaluating more cost-effective alternatives. Additionally, NASA is
evaluating options to replace the one-of-a-kind Super Guppy aircraft.

SFCO will provide support to the crew during launch, landing, recovery, and rescue operations for
ISS and Artemis missions. SFCO will support the vehicle hazard safety process to ensure they
account for crew and operations safety for all NASA human space flight missions. This includes the
completion of Artemis II Safety Hazard Assessment, continued support for Phase II Level Safety
Hazard Assessments for all Artemis III and IV elements and all cross program required aspects,
development and review of ISS Deorbit Vehicle Safety Hazard Assessment, and the development for
CLDP and CCP transportation services and sub-orbital flights.

SCIFLI team anticipates supporting the Artemis II launch and landing, the SLS Booster descent, all
ISS missions (crew and cargo), and several upcoming commercial missions.

CHS will maintain the Astronaut Occupational Health Plan that includes clinical certification for 41
active U.S. government Astronauts and health and fitness through training, flight, and post-mission
recovery in support of ISS mission increments, Artemis Il and Artemis II1.

CHS will provide medical and behavioral screening expertise to SFCO in support of the 2025
Astronaut Candidate selections.

CHS will medically monitor and support U.S. government Astronaut training activities for ISS EVAs,
Exploration EMU (xEMU) development, and Artemis lunar surface EVAs. CHS will provide the
selected ASCANS training in fundamentals of expeditionary skills and competencies to prepare them
to become highly successful astronauts.

CHS will generate IMPALA data deliverables required for the evaluation of human system risks to
enable lunar and Mars missions.

CHS will support transition to operations of Informing Mission Planning via Analysis of Complex
Tradespaces (IMPACT) for exploration missions and programs.
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e CHS will maintain the Flight Medicine Clinic tools, resources, equipment, and IT infrastructure,
including the Electronic Health Record, to medically certify and maintain the health of the Astronaut
Corp.

e CHS will continue the Lifetime Surveillance of Astronaut Health (LSAH) exams with the goal of
obtaining a 75 percent participation rate. LSAH exams facilitate the collection of vital retired
astronaut data for informing future space missions.

Program Elements

SPACE FLIGHT CREW OPERATIONS (SFCO)

SFCO directs and manages the astronaut corps activities, assigns flight crew, is responsible for human
space flight readiness training, and maintains and operates the JSC aircraft fleet, including the T-38 high-
performance aircraft, Gulfstream V, and Super Guppy cargo aircraft.

SFCO also determines the need for and selects astronaut candidates. It takes approximately two years
from the decision to select a new astronaut class until the selection process is completed. Once selected,
new astronauts must complete two years of training for eligibility and then 30 months of ISS training
before qualifying for an ISS mission. The number of spacecraft seats U.S. astronauts will fill in the next
four years of human space flight determines the manifest requirement. The manifest includes projected
Commercial Crew flights to ISS, Commercial Crew test flights, and Artemis flights. Requirements for
future missions, for example to Gateway and the Moon, will be planned as those missions become better
defined.

Astronaut space flight readiness training activities implemented by SFCO put the crew into operational
environments which share some aspects of the fast dynamics, physical stress, and risk found in
spaceflight. The training develops the skills and ability to work as a team in an environment that is fast-
paced, stressful, and carries potentially severe penalties for failure. The training also includes developing
the skills necessary to respond in an emergency/high-stress environment and operate high-performance
aircraft and spacecraft.

SCIFLI collects data on in-flight vehicles and can provide mission planning support. They play a part in
ensuring the safety of parachutes in SpaceX and Boeing spacecraft, documenting heat shields from high-
speed aircraft returning from beyond the Moon, and will be collecting data on important future missions
such as Artemis 2, Sierra Space’s DreamChaser, and SpaceX’s Starship. While experimental ground
testing and simulations provide incredibly useful data, nothing can replicate the actual conditions of
flight. With remote imagery, SCIFLI can collect data on in-flight vehicles in real-time.

CREW HEALTH AND SAFETY (CHS)

CHS enables healthy and productive NASA crew during all phases of spaceflight missions, implements a
comprehensive NASA astronaut occupational health care program, and works to understand, prevent, and
mitigate negative long-term health consequences from exposure to the spaceflight environment. Using
HRP research and other findings, CHS implements enhancements to astronaut occupational health
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protocols to ensure crew health and safety. In this collaboration, HRP concentrates on the research aspects
of crew health, whereas CHS focuses on implementing the research results and mitigation plans into
occupational health protocols. As research continues on ISS, CHS is actively seeking new approaches to
apply research findings to improve NASA health protocols, including collaborative opportunities with
other federal agencies and academia. Further, CHS is implementing the TREAT Astronauts Act for
former NASA astronauts. This Act enables NASA to provide monitoring, diagnosis, and treatment to
astronauts for spaceflight-related medical issues following retirement from NASA. In addition, NASA
will be able to obtain more medical data to supplement the occupational surveillance program for former
NASA astronauts and better assess the long-term effects of spaceflight on the human body to enable
exploration.

CHS is also responsible for maintaining the health of active NASA astronauts during non-mission
periods, focusing on three aspects of health care: preventive care, risk factor management, and long-term
health monitoring. CHS integrates and coordinates information relevant to human health before, during,
and after spaceflight. CHS documents and assesses all emerging health risks, such as Spaceflight
Associated Neuro-ocular Syndrome, a spaceflight condition that affects astronauts eye structure and can
lead to impaired vision, and the risk of venous flow changes. CHS continues to collaborate with several
non-NASA organizations, including the National Academies, to inform the risk decisions associated with
long-duration and exploration missions.

Program Schedule

Date Significant Event

FY 2024 Continue the annual LSAH exams with the goal of reaching 75 percent of former astronauts.

FY 2025 Select new ASCAN Class

Program Management & Commitments

Program Element Provider

Provider: SFCO
Lead Center: JSC

SFCO .
Performing Center(s): JSC
Cost Share Partner(s): N/A
Provider: CHS
Lead Center: JSC

CHS

Performing Center(s): JSC
Cost Share Partner(s): N/A

SO-57



Space Operations: Space and Flight Support (SFS)
HUMAN SPACE FLIGHT OPERATIONS

Acquisition Strateqy

The section below identifies the current contracts that support SFCO and CHS.

MAJOR CONTRACTS/AWARDS

Aircraft Logistics, Integration,
Configuration and Engineering

Yulista Tactical

Ellington Field, Houston, TX
El Paso, TX

Human Health and Performance Contract

Kellogg Brown & Root

Houston, TX

INDEPENDENT REVIEWS

JSC AS9100

Performance Nov 2022

NQA Audit

Recertification to AS9100,
ensuring quality and safety in
Spaceflight Hardware.

to AS9100

JSC was recertified
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 151.2 -- 143.4 155.5 155.5 156.5 159.5

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

RE " Sending astronauts into space involves a
‘ multitude of complicated systems, but perhaps
the most complex is the human system: human
health, crew interactions, and human factors,
which includes how crews interact with their
environment, spacecraft, habitat, and systems
during missions. While NASA has more than
50 years of crew experience in LEO,
researchers are continuing to unravel the
mysteries of how the human body responds to
the harsh environment of space. The Human
Research Program (HRP) is responsible for
understanding and mitigating the highest risks
to astronaut health and performance to ensure
that crews remain healthy and productive
during long-duration missions beyond LEO.

A volunteer at the DLR's :envihab facility lies with her
head tilted down to simulate the weightlessness of space. A
recent study conducted by HRP's researchers had
volunteers at :envihad stay in bed with their heads tilted

down for 30 days at a time. Data collected is allowing Space poses significant health risks for crew
researchers to scrutinize how microgravity on the ISS could members, including the possibility of long-term
affect eye function. (Credit: DLR). health effects manifesting later in life from

space radiation exposure, health and
performance decrements developing during the mission, and decrements in capabilities immediately upon
return to Earth. Current research on ISS in LEO and in ground-based analog laboratories is expanding
NASA's capabilities to enhance crew performance and protect the health and safety of astronauts.
Investigations regarding space radiation protection, deep space habitat systems, behavioral health,
innovative medical technologies, advanced food and pharmaceutical systems, space suit requirements,
and validated countermeasures are evolving to ensure crew health. HRP also collaborates with NASA’s
Office of the Chief Health and Medical Officer (OCHMO), as well as the Crew Health and Safety (CHS)
and Spaceflight Crew Operations (SFCO) projects to ensure crew health, safety, and mission success.
SFCO and CHS are responsible for astronaut training, readiness, and health, while HRP funds research
development on human health and performance countermeasures and technologies that enable safe,
reliable, and productive human space exploration. The knowledge gained through HRP’s work and
through partnerships will enable NASA’s plans for long-duration human space missions beyond LEO. In
addition, as is the case with many space-based medical investigations, this research may lead to
significant advancements in treating patients on Earth.

As NASA prepares to conduct crewed Artemis missions to the Moon and to lunar orbiting stations, HRP
is using research to develop the scientific and technological capabilities to facilitate these exploration
missions. In support of the risk reduction strategy for human space exploration contained in NASA’s
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Human Research Roadmap, HRP is coordinating with the National Academies, the National Council on
Radiation Protection and Measurements (NCRP), and other domestic and international partners to deliver
products and strategies to protect crew health and performance during and after exploration spaceflight
missions.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

To accomplish HRP Artemis research goals, HRP strengthened key partnerships at NASA associated with
all aspects of spaceflight: from launch and landing to life support systems, task management, and the full
Human Health System. Also, HRP worked closely with the Biological and Physical Science

Program (BPS) within SMD to build strategic roadmaps related to recommendations within their recently
released BPS Decadal Survey.

HRP continued to manage data gathering for all HRP studies on NASA, international, commercial, and
private astronaut missions. Most notably, HRP’s signature study, called the Complement of Integrated
Protocols for Human Exploration Research (CIPHER), began collecting data. CIPHER is the first study to
integrate multiple physiological and psychological measures, allowing NASA to assess the whole human
response to time spent in space.

A high-priority for NASA is understanding risks to eye health (i.e., Spaceflight Associated Neuro-ocular
Syndrome [SANS]). In 2023, HRP 1) completed data collections and began data processing from
ground-based bedrest studies conducted at the DLR's :envihab facility; 2) uncovered details about
SANS-induced grooves in eye tissue that can impair vision and progressively worsen with duration and
repeat flights; and 3) identified structures that could be predictive of eye swelling, known as optic disc
edema.

Future deep-space crews must be able to autonomously handle mission tasks and medical emergencies
despite communication delays with Earth. Through tests on analog crews, HRP discovered
communications systems that allow users to give feedback as communications unfold (human-in-the-loop
evaluations) can offset effects of communication delays and keep conversations highly organized. HRP
also delivered procedures and tools that can serve as a foundation for medical systems at the future
Gateway lunar outpost, effectively transitioning medical authority from terrestrial to space-based assets.
HRP is working to integrate this foundation into NASA’s current and future medical system design
processes.

A crew of four volunteers simulated a trip to the Martian moon, Phobos, without leaving Earth. They
entered the Human Exploration Research Analog (HERA) on January 27, 2023, for campaign 6 mission
4. They lived and worked like astronauts for 45 days during their Phobos mission simulation.

HRP select eight research projects chosen from 60 proposals submitted in response to the 2023 Human
Exploration Research Opportunities (HERO) Solicitation. They will address numerous spaceflight risks
related to muscle and bone health, sex differences, crew autonomy and behavior, balance and
disorientation, and inflammation of the brain or spinal cord.

HRP formed partnerships that strengthen our understanding of how radiation exposure affects human
health and performance. For example, NASA’s BPS Program is collaborating with HRP to support the
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Research Opportunities in Space and Earth Sciences research solicitations. To help fill knowledge gaps,
new collaborations were also established with the U.S. Navy to perform epidemiological studies on
submariners stationed on nuclear submarines and with the U.S. Air Force to examine radiation impact on
mini pigs, which are thought to be a more robust model to human responses.

Through the HRP-funded partnership with the Baylor College of Medicine, called the Translational
Research Institute for Space Health (TRISH), HRP has funded tissue engineering projects, exploring
systems that need not be tended by humans, but are instead analyzed autonomously on future spaceflights.
In addition, TRISH’s Enhancing eXploration Platforms and Analog Definition (EXPAND) database and
biorepository has collected data and bio samples from five commercial spaceflight missions. HRP also
forged a Space Act Agreement with SpaceX to conduct research on orbital free-flyers.

WORK IN PROGRESS IN FY 2024

HRP released NASA Research Announcement (NRA), titled HERO-2024, to solicit applied research.
The research will fall into one or more categories corresponding to the HRP’s five programmatic
elements: Space Radiation, Human Health Countermeasures, Exploration Medical Capability, Human
Factors and Behavioral Performance, and Research Operations and Integration.

HRP will continue to maximize research through utilization of the Crew Health and Performance
Exploration Analog, domestic bedrest facilities, commercial partners, international partners, and the ISS
National Lab. HERA Campaign 7, which includes four 45-day missions, 12 HRP studies, six United Arab
Emirates studies, and one ESA study, will begin.

Mitigating Artemis-relevant risks—such as injury due to dynamic loads, impact to sensorimotor systems
after gravity-transition, and extravehicular activities—remain a science priority for HRP. In FY 2024,
researchers have begun developing injury assessments for the neck and spine. These studies will enable
more precise prediction of neck and spine injury in a wider range of loading.

Research across the board will also continue to yield information on knowledge gaps and provide
recommendations on architecture design. Additional HRP research further assessing SANS, nutrition,
immune function, sleep, team dynamics and pharmaceutical stability will also provide deliverables that
will help inform crew health and performance for space exploration missions. Radiation quality
assessments will enhance research capabilities for individual susceptibility studies. Key partnerships
between HRP and the DoD on health surveillance can lead to early detection of long-term health
complications after radiation exposure.

In addition, HRP is increasing its participation in the Established Program to Stimulate Competitive
Research and the Minority University Research and Education Project. HRP firmly believes that investing
in such programs will help acquire new perspectives, ideas, and technologies from new communities that
can enhance HRP science.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

HRP plans to deliver models to help predict if spacecraft landing loads will injure crewmembers. For
example, calculations using these values will be able to assess the impact of dynamic loads on the neck
and spine that crew will experience when landing on the lunar surface.

HRP will advance crew health and medical autonomy by completing testbed scenarios that validate
procedure execution and information management. Following this accomplishment, HRP will facilitate
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joint technology demonstrations of medical capabilities for simulation-based verification and operational
performance metrics. These planned outcomes will provide the foundation needed to simulate, model, test
and train operators on tasks associated with autonomous medical and performance capabilities.
Deliverables from these tasks will provide recommendations on mission architecture, design, and
mitigation strategies. Additionally, requirements will be established for Earth-independent medical care
and an interactive system that helps ensure crew health.

Key partnerships with the Air Force Research and Navy Research labs that started in FY 2023 will begin
to yield results that will provide valuable insight on the impact of human health after exposure to
radiation. These results will enhance the characterization of and mitigation strategies for chronic
exposure. Radiation research will continue to build on additional long-term health studies, focusing on
cancer, cardiovascular disease, and neurocognitive disorders. Utilizing cutting-edge technologies,
including omics (e.g., geonomics, microbiome), precision health, pharmacogenomics, and tissue
engineering, will help drive HRP research, especially for radiation.

CIPHER will continue to be implemented on ISS missions, providing a full research complement to the
impact of microgravity on human bodies over time.

Because fluid shifts in the body can lead to SANS and reductions in cognitive performance, NASA is
prioritizing research efforts to better understand how microgravity affects human health. As a result, HRP
has extensively investigated viable options for domestic bedrest facilities. Domestic bedrest facilities will
enhance research associated with fluid shifts, saving time and money while providing more opportunities
to U.S. institutions. The initial research plan is to use these capabilities to study countermeasures for
SANS and test exercise technologies that should mitigate fluid shifts on Artemis missions. HRP will also
continue to partner with DLR’s :envihab facility for additional bedrest studies needed for SANS research.

Both external and internal partnerships will be critical for meeting HRP objectives. Integration of HRP
research into Artemis platforms will involve deep coordination with Orion, Gateway, and Human
Landing System programs. Novel technologies and research from BPS and TRISH, particularly on tissue
engineering, will help HRP address some human health risks. HRP will extend outreach and collaboration
opportunities across government agencies that share common interests in data analysis, behavioral health,
3D tissue models, and radiation.

HRP is strategically aligning itself for working in a new era of commercial space exploration. Significant
coordination with NASA and commercial partners will continue as HRP plans for future LEO research.
HRP will ensure that future commercial LEO space stations will support important work needed to enable
future exploration missions to the Moon and Mars, while also informing NASA on how to overcome the
risks of spaceflight under remote and longer duration conditions. HRP will also be poised to support a
community of non-NASA astronauts flying in space.

Program Elements

EXPLORATION MEDICAL CAPABILITY

As NASA makes plans to extend human exploration beyond LEO, identifying and testing next generation
medical care and crew health maintenance technologies is vital. Healthcare options evolve based on
experience, anticipated needs, and input from flight surgeons and crew offices. During future Mars
missions, crews will not be able to rely on real-time conversations with Earth-based medical experts due
to communication lag-time associated with the distance between Earth and deep space. Therefore, crew
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and relevant systems will have to be able to facilitate autonomous medical care operations. Teams in this
area draft requirements for medical equipment and clinical care, develop remote medical technologies,
and assess medical requirements unique to long-duration space missions.

HuMAN HEALTH COUNTERMEASURES

Countermeasures are the procedures, medications, devices, and other strategies that offset the impacts of
spaceflight stressors (e.g., low gravity, closed environment) and help keep astronauts healthy and
productive during space travel and after their return to Earth. Researchers are responsible for
understanding normal physiologic effects of spaceflight and provide biomedical expertise and develop
countermeasures to harmful effects on human health and performance. These experts define health and
medical standards; validate human health prescriptions and exercise system requirements; develop injury
and sickness prevention standards; integrate and validate physiological countermeasures; and establish
criteria for NASA fitness for duty, as well as crew selection and performance standards.

HuMAN FACTORS AND BEHAVIORAL PERFORMANCE

Just as the space environment poses physical risks to crewmembers, the unique stresses and challenges of
spaceflight, as well as vehicle design, can affect cognitive and mental performance. Considering external
factors is essential when designing a spacecraft, habitat, or spacesuit. Human factors experts develop new
equipment, procedures, and technologies designed to make the space environment more livable.
Behavioral health researchers assess the impact of space travel on human behavioral health and develop
interventions and countermeasures to ensure optimal health and performance. Experts in this area make
extensive use of analogs, which are experimental environments created to simulate certain aspects of
space travel. By duplicating space conditions, such as altered day and night cycles, heavy workloads,
social isolation, and close living quarters, scientists gain insight into the impact of these circumstances on
human behavior and performance. Scientists then work to develop countermeasures, equipment, and other
interventions to minimize these risks.

SPACE RADIATION

As NASA expands human presence beyond the Earth's protective magnetic field, it is critical that
astronauts be able to manage the risks associated with living and working in a space radiation
environment. Space radiation researchers develop the knowledge base necessary to determine the
biological effects of space radiation. This information can then be used for standards for health and
habitability and the requirements for radiation protection. They also develop tools to assess and predict
risks due to space radiation exposure and strategies to mitigate exposure effects. The deep space radiation
environment is far different from that on Earth or in LEO. NASA and the DoE have partnered on a
facility at Brookhaven National Laboratory in Upton, NY, to simulate the deep space radiation
environment, which researchers use to help understand its biological effects.

RESEARCH OPERATIONS AND INTEGRATION

The ISS provides a unique testbed for HRP activities. The Research Operations and Integration element
plans, integrates, and implements HRP-approved biomedical flight experiments on ISS, as well as
research studies that use ground-based spaceflight analog facilities to accomplish program objectives.
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These experiments and studies pertain to pre- and post-flight activities, and program objectives include
coordinating flight or ground resources with our international partners, maintaining the Human Research
Facility biomedical research racks on ISS and flight hardware, and developing crew training for both
flight and ground investigations. Teams also operate a Telescience Support Center (TSC), which provides
real-time support and data services to all HRP flight experiments. Strong interfaces with external
implementing organizations, such as the ISS Research Integration office, analog coordination offices, and
international partners, are critical to maintaining a robust research program. This group is also responsible
for operating the HERA facility and for arranging access to other analog facilities required by HRP
researchers, including NSF Antarctic facilities and international partner facilities.

MATURATION AND INTEGRATION OFFICE

The Maturation and Integration Office (MIO) has the responsibility for coordinating HRP research and
technology deliverables with its stakeholders. This office provides strategic planning for Artemis, Mars,
and Commercial Spaceflight research opportunities. This office further fosters relationships with
OCHMO, Artemis missions, and Flight Operations Directorate to ensure HRP is addressing high priority
operational research questions that can reduce risks or provide additional trade space for those
organizations. As OCHMO and the agency stand up a recognized "Crew Health and Performance

System" for exploration missions, this office will integrate models and technology deliverables along with
our operational spaceflight partners.

Program Schedule

Date Significant Event

Jan 2024 HERA Campaign 7 begins

Jun 2024 HERO 2024 selections announced
Jul 2024 HERO 2025 release of NRA

Apr 2025 HERO 2025 selections announced

Program Management & Commitments
The program office is located at JSC with support from ARC, GRC, LaRC, and KSC.

The SOMD Associate Administrator delegated the authority, responsibility, and accountability of HRP
management to the Human Spaceflight Capabilities Division at NASA HQ. Working closely with the
Office of the Chief Scientist and the OCHMO, the Division establishes overall direction, scope, budget,
and resource allocation for the program, which NASA centers then implement.

Program Element Provider

Provider: JSC

Lead Center: JSC

Performing Center(s): GRC, ARC, and LaRC
Cost Share Partner(s): N/A

Exploration Medical Capability
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Program Element Provider

Provider: JSC

Lead Center: JSC

Performing Center(s): ARC and GRC
Cost Share Partner(s): N/A

Human Health Countermeasures

Provider: JSC

Human Factors and Behavioral Lead Center: JSC

Performance Performing Center(s): ARC, GRC, and KSC
Cost Share Partner(s): N/A

Provider: JSC

Lead Center: JSC
Performing Center(s): LaRC
Cost Share Partner(s): N/A

Provider: JSC

Research Operations and Lead Center: JSC
Integration Performing Center(s): N/A

Cost Share Partner(s): N/A

Space Radiation

Provider: JSC

Maturation and Integration Office | Lead Center: JSC
(MIO) Performing Center(s): ARC and GRC
Cost Share Partner(s): N/A

Acquisition Strateqy

Based upon National Academies’ recommendations, external peer reviews, and agency human
exploration plans, NASA HRP awards contracts and grants to further efforts in mitigating risks to crew
health and performance by providing essential biomedical government research and technologies for
human space exploration. HRP uses a peer review process that engages leading members of the research
community to competitively assess the merits of submitted proposals to assure a high-quality research
program.

HRP releases the HERO umbrella NRA that requests research proposals across all its research elements
throughout the year. This NRA provides opportunities for universities, other agencies, and industry
researchers from across the nation to develop NASA’s high-priority ground and spaceflight experiments,
which directly contribute to NASA’s exploration mission.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)

Translational Research Institute for Space

Program Management Health

Baylor College of Medicine
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Research Operations and :envihab facility in Cologne,
. DLR
Integration Germany
Space Radiation U.S. DoE Brookhaven National Laboratory

INDEPENDENT REVIEWS

National Council on Sex-differences in Lung Reduced uncertainties and
Quality | Radiation Protection and | Jan 2022 Cancer Radiation Risks improved information for

Measurements (NCRP) for use in Project Models cancer risk projections.
Quality | Peer Review Panel Feb 2022 | Peer review of NRA Selected grantees
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024/ FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 93.9 - 104.3 96.6 96.9 97.2 99.1

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

NASA'’s science and discovery missions, civil
communications, geographic survey, and civil weather
missions provide key services for our nation and the
world. The Launch Services Program (LSP) ensures
access to space for the nation’s civil sector satellite
and robotic planetary missions.

National Space Transportation Policy identifies the
NASA Administrator as the launch agent for the
nation’s civil sector. LSP enables the Administrator to
execute this role by acquiring and managing domestic
commercial launch services for assigned missions,

A SpaceX Falcon Heavy rocket, with the Psyche
spacecraft onboard, is launched from Launch

Complex 39A on October 13, 2023, at KSC in certifying new commercial launch vehicles for
Florida. NASA’s Psyche spacecraft will travel to a readiness to fly high-value spacecraft, performing
metal-rich asteroid by the same name orbiting the mission design and launch integration activities, and
Sun between Mars and Jupiter to study its directing launch mission assurance efforts to ensure

composition. Psyche is the first LSP-managed

the greatest probability of launch mission success.
mission to launch on a Falcon Heavy rocket.

While no space mission is routine, LSP has unique
launch system expertise involving payloads containing nuclear power sources for launching one-of-a-kind
science exploration missions to other planets, the Sun, or other locations in space. NASA relies on LSP to
provide robust, reliable, and cost-effective launch services via commercial launch providers. NASA
achieves assured access to space through a competitive mixed-fleet approach utilizing the breadth of U.S.
industry capabilities. In addition, LSP provides launch-related expertise to other NASA programs, such as
Commercial Resupply Services, Commercial Crew Program (CCP), and programs supporting the Artemis
missions. LSP also provides launch advisory support to NASA payload missions using launch services
through other government agencies, the launch industry, or international partners.

In addition to acquiring the commercial launch service, LSP arranges pre-launch spacecraft processing
facility support and communications and telemetry during ascent for its customers. LSP offers insight into
the commercial space launch industry, which has been utilized by CCP. LSP also tracks lessons learned to
identify and mitigate risks for future managed launches and certifies readiness of new commercial launch
vehicles for NASA and other civil sector, uncrewed spacecraft. The program also conducts engineering
analyses and other technical tasks to maximize launch success for every assigned payload.
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Further, as part of NASA’s launch site risk mitigation efforts, NASA is studying safety issues associated
with a new generation of launch vehicles that use liquid oxygen and methane propellants. The Liquid
Oxygen and Methane Assessment (LMA) Project is responsible for assembling data collection, which is
beneficial for risk-based considerations of spacecraft survivability. The LMA project will coordinate with
NASA mission directorates and U.S. government agencies to run concurrent testing, share the data, and
gain access to previously tested raw data to further understand hazards and risks associated with liquid
oxygen and methane propellants.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

LSP provided expertise and active launch mission management for over 70 NASA scientific spacecraft
missions in various stages of development. LSP continuously works with the U.S. commercial launch
industry to assess their designs and provide advice, which expands the selection of domestic launch
vehicles available to NASA's missions and nurtures a competitive commercial launch service
environment. LSP successfully launched one weather satellite for NOAA and two science missions as
shown in the table below.

Il;:ltl:/;l:)ca tion I‘;i;::lccl: Payload Customer | Mission Objectives
JPSS-2 is the second of NOAA's latest
Joint Polar generation of U.S. polar—qrbiting,
Satellite System non—geosynchronou§, env1r9nmental
Nov 2022 (JPSS)-2 and NASA satellites. The satellite provides global
. observations that serve as the backbone of
Vandenberg Atlas V LEO Flight NOAA/ both short- and long-term forecasts,
Space Force Base, ;l"e;t toi?n ISJN;{]?:and including those that help us predict and
CA lslecaelils raetor a prepare for severe weather events. LOFTID
(LOFTID) flew with JPSS—Z asa secondgry to
demonstrate inflatable heat shield
technology.

The SWOT mission is focused on a better
gzﬁjgszerg :rlll(rifg::eglater NASA understanding of the world's oceans and its
Space Force Base Falcon 9 Topography SMD terrestrial sgrface watery. The satellite will
CA ’ (SWOT) collect detailed measurements of how water

bodies on Earth change over time.
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Launch Launch

Date/Location Vehicle Payload Customer | Mission Objectives

Time-Resolved
Observations of

;ﬁzlgrt:t;z A constellation of 3U CubeSats, that will
May 2023 . NASA measure temperature and moisture profiles
Electron storm Intensity e e . .
New Zealand with a SMD and precipitation in tropical systems with
Constellation of unprecedented temporal frequency.
Smallsats
(TROPICS)

LSP acquired a new launch service for one future mission, Sentinel-6B, through a competitively awarded
launch services task order under the NASA Launch Services (NLS) II contract. In addition, LSP acquired
four new Class D launch services under the Venture-Class Acquisition of Dedicated and Rideshare
(VADR) contract. Under VADR, LSP provides a broad range of commercial launch services capable of
delivering NASA’s high risk tolerant payloads, ranging from Class D payloads to higher risk-tolerant
payloads, including CubeSats, to a variety of orbits. These Federal Aviation Administration (FAA)
licensed Class D and small satellite payloads tolerate relatively high risk and serve as an ideal platform
for technical and architecture innovation, contributing to NASA’s science research and technology
development, in addition to fostering a growing U.S. commercial launch market.

LSP continued partnering with universities, non-profits, and NASA centers to launch small research
satellites through the CubeSat Launch Initiative (CSLI), which provides rideshare opportunities for small
satellite payloads to fly on upcoming launches when excess capacity is available. These partnerships have
provided regular educational opportunities for students in Science, Technology, Engineering, and
Mathematics (STEM) disciplines, which help strengthen the nation’s future workforce. As of the end of
FY 2023, over 150 CubeSats have been launched from 34 states, the District of Columbia, and Puerto
Rico, with 55 CSLI-sponsored CubeSats preparing for upcoming launches on NASA, other U.S. agencies,
ESA, and commercial missions. In FY 2023, nine CSLI-sponsored CubeSats were launched.

The 2022 NLS II on-ramp activity commenced in Q1 FY 2022 and evaluations of proposals are
underway. An on-ramp synopsis for the 2023/2024 NLS II on-ramp activity was released Q4 FY 2023 to
gauge industry interest. A number of companies have expressed intent to on-ramp new launch services.
The Delta II Closeout/Space Launch Complex (SLC) 2 Demolition work continued at Vandenberg Space
Force Base (VSFB) in California. Demolition of the Mobile Service Tower was completed in

December 2020, and the SLC-2 launch pad was turned over to the Space Force who then leased the pad to
Firefly. Along with the launch pad, there are 16 real properties (buildings across the greater SLC-2
complex) that need to be demolished at NASA's cost. A contract was awarded by the 30™ Space Wing in
September 2021 to demolish three of the 16 buildings that NASA is responsible to demolish per the cost
sharing agreement signed between NASA and the United States Air Force (now the United States Space
Force) in May 2019. The contract for demolishing the remaining thirteen buildings was awarded in
November 2022. The final cost sharing agreement memorandum (Delta II Facilities Disposition Cost
Sharing Project Completion) was signed by the VSFB Space Force commander on April 23, 2023. The
purpose of the signed letter was to validate that NASA has fulfilled its obligation to fund the demolition

SO-69



Space Operations: Space and Flight Support (SFS)
LAUNCH SERVICES

of assigned facilities per the renegotiated cost sharing agreement signed on May 1, 2019. NASA’s portion
of the cost sharing agreement has hereby been met with no further funding/obligation required for any
Delta II facilities disposition.

WORK IN PROGRESS IN FY 2024

LSP will continue to execute the role of launch agent for the NASA Administrator on behalf of the U.S.
civil sector, as described in the National Space Transportation Policy. The program will provide
management of NLS contracts, launch mission assurance, mission design, and launch integration support
to scientific and technology spacecraft missions in various development phases. The TROPICS mission is
one example of how LSP supports and manages launch services. On February 10, 2022, Astra Space Inc.
failed to deliver the Mission One TROPICS payload to orbit. In July 2022, Astra formally notified NASA
LSP of their intention to discontinue Rocket 3.3 and move directly into development of Rocket 4.0. In
August 2022, NASA decided to de-manifest the remaining TROPICS payloads from Astra’s Rocket 3.3
under the Venture Class Launch Services (VCLS) Demo 2 contract, and to seek alternative launch
opportunities through the VADR contract process. On November 23, 2022, the task order for the
remaining two TROPICS payloads was awarded to Rocket Lab USA Inc. of Long Beach, California,
under the VADR contract. In May 2023, the pair of TROPICS-2 and TROPICS-3 spacecraft successfully
launched aboard two Electron rockets from Rocket Lab’s Launch Complex 1 Pad B in Mahia, New
Zealand, completing the constellation. The current manifest for FY 2024 shows LSP will manage and
conduct launch activities for three NASA missions contracted under NLS II, one VCLS Demo 2 mission,
and two NASA missions under VADR, as shown in the table below.

Contract Launch Launch

Mechanism | Date/Location* | Vehicle Payload Customer | Mission Objectives

The Psyche mission will
journey to a unique metal-rich
asteroid, also named Psyche,
which orbits the Sun between
Mars and Jupiter. The asteroid
is considered unique, as it
appears to largely be made of
the exposed nickel-iron core of
an early planet — one of the
building blocks of our solar
system.

Oct 2023 Falcon NASA
NLS I KSC. FL Heavy Psyche SMD
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ffl(::g:lfitsm ;::l:/g:)ca tion* %2;?:1: Payload Customer | Mission Objectives
The PACE mission represents
the nation’s next great
investment in understanding
and protecting our home planet.
The mission will provide global
ocean color, cloud, and aerosol
data that will provide
unprecedented insights into
Jan 2024 Plankton, oceanographic and atmospheric
Aerosol, Cloud, responses to Earth’s changing
NLS II Cape Canaveral Falcon 9 | ocean NASA climate. PACE will help
Spa(.:e Force Ecosystem SMD scientists investigate the
Station, FL (PACE) diversity of organisms fueling
marine food webs and the
U.S. economy and deliver
advanced data products to
reduce uncertainties in global
climate models and improve
our interdisciplinary
understanding of the Earth
system.
GOES-U is a planned weather
satellite, the fourth and last of
Geostationary the GOES-R series of satellites,
Apr 2024 Falcon Ope.rational NOAA and | operated by NOAA. The
NLS II KSC. FL Heavy Environmental | NASA GOES-R series will extend the
’ Satellite U SMD availability of the
(GOES-U) Geostationary Operational
Environmental Satellite system
until 2036.
VCLS Demo 2
(Mission Two:
[1175kg
No Earlier Than payload, ' . '
(NET) Mar 2024 | Firefly 550 km Sun I;?IESQ, one ?/(EiLS isa de'r;lonstratlorlll flight
VCLS Under Review Black Synchronous 0 etermmp tnew Sm?’
Demo 2 Vandenberg LLC Orbit (SS0): schopl, and | launch vehicles can del'lver
multiple NASA payloads to orbit at a
Space Force Alpha and universities | fixed price.
Base, CA [2] 20 kg to 550
km SSO w/ min
10-degree plane
change)
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f’[(:;g::itsm ;Z:I:/g:)ca tion* %2‘;?:1: Payload Customer | Mission Objectives
PREFIRE will quantify the
Polar Radiant radiative processes effected by
May 2024 Energy in the NASA changing temperatures in the
VADR Mahia, New Electron | Far-InfraRed Arctic and will reveal new
’ . SMD o
Zealand Experiment aspects of the Arctic climate by
(PREFIRE) measuring the full spectrum of
polar radiant energy.
Escape and The Escape and Plasma
Aug 2024 Plasma Acceleration and Dynamics
VADR Cape Canaveral New Acceleration NASA Explorers (EscaPADE) are a
Space Force Glenn and Dynamics SMD dual-spacecraft mission to
Station, FL Explores study ion and sputtered escape
(ESCAPADE) from Mars.

*FY 2024 Launch Dates shown in this table correspond to launch dates listed as Management Agreements
elsewhere in this document.

Psyche, the first LSP managed mission on a Falcon Heavy, successfully launched from KSC on October
19, 2023.

LSP will continue work towards certifying new commercial launch vehicles to launch high-value
payloads, as needed, and will continue launch service acquisition activities necessary to support NASA
and other approved government missions.

Along with full end-to-end launch service management of awarded missions, LSP continues to offer
advisory support, expertise, and knowledge to NASA programs and projects utilizing launch services not
procured and managed by LSP. The program is currently providing these advisory and informational
services to several programs and missions, including:

Gateway;

Human Landing Systems;

ISS Commercial Resupply Services;

Commercial Crew Program; and

NASA-ISRO Synthetic Aperture Radar mission (NISAR).

The LMA Project will continue to conduct tests and generate data to further understand the hazards and
risk associated with liquid oxygen and methane through the various test series.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

LSP will continue to execute the role of launch agent for the NASA Administrator on behalf of the U.S.
civil sector, as described in the National Space Transportation Policy. LSP will work with the U.S.
commercial launch industry to assess their designs and provide advice, which expands the selection of
domestic launch vehicles available to NASA's missions and nurtures a competitive commercial launch
service environment. The program will provide management of NLS contracts, launch mission assurance,
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mission design, and launch integration support to scientific spacecraft missions in various development
phases. The current manifest for FY 2025 shows LSP will manage and conduct launch activities for three
NASA missions contracted under NLS II and two NASA missions contracted under VADR.

f’[oel:g:]fitsm ;::l:/g:)ca tion* %2;?:1: Payload Customer | Mission Objectives
NASA's Europa Clipper will
conduct detailed
reconnaissance of Jupiter's
NLS I Oct 2024 galcon Europa Clipper IS\II\/}HS)A moon, Europa, and
KSC, FL cavy investigate whether the icy
moon could have conditions
suitable for life.
NASA
ir/}:;:;tiiléa;n d SMD IMAP will simultaneously
Acceleration (IMAP and | jpyestigate two important
Feb 2025 Probe (IMAP) Carruthers) | and coupled science topics in
NLSII Cape Canaveral Falcon 9 with Space ’ the heliogphere: the .
Space Force Weather Follow- | NOAA and acce'leratlon qf energ§t1c
Station, FL On L1 (SWFO- NASA particles aqd 1nt§ract1on of
L1) 2nd and SMD Fhe solar wind VYlth the local
Carruthers 2nd (SWFO- interstellar medium.
L1)
Spectro-
Photometer for SPHEREXx will survey
the History of hundreds of millions of
the Universe, galaxies near and far, some
Feb 2025 Epoch of so distant their light has
Reionization and taken 10 billion years to
NLS I Vandenberg Falcon 9 Ices Explorer NASA reach Earth. Astronomers
Space Force (SPHEREX), SMD will use the mission to gather
Base, CA with Polarimeter data on more than 300
to Unify the million galaxies, as well as
Corona and more than 100 million stars
Heliosphere in our Milky Way.
(PUNCH 2nd)
Feb 2025 gOtal a‘;ds |
VADR Vandenberg Falcon 9 Irﬁzggiceo " NASA TSI,S_Z e measure the
Space Force Sensor 2 (TSIS- SMD Sun's energy input to Earth.
Base, CA 2)
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Contract Launch Launch

Mechanism | Date/Location* | Vehicle Payload Customer | Mission Objectives

TRACERS aims to answer
long-standing questions
critical to understanding the

Ezggflglec tion Sun-Earth system. The

NET Apr 2025 spinning satellites will study

Vandenber: and Cusp . NASA how solar wind, the

VADR g Falcon 9 Electrodynamics . ’ .

Space Force . SMD continuous stream of ionized
Reconnaissance . .

Base, CA Satellites particles escaping the Sun
(TRACERS) and pouring out to space,

interacts with the region
around Earth dominated by
our planet’s magnetic field.

*FY 2025 Launch Dates shown in this table correspond to launch dates listed as Management Agreements
elsewhere in this document.

The LMA project will close out activities and provide the final optimized data analysis and
recommendation on the safety issues associated with the new generation of launch vehicles that use liquid
oxygen and methane propellants.

Program Management & Commitments

Program Element | Provider

Provider: ULS, Northrop Grumman Innovation Systems (NGIS, formerly Orbital ATK),
SpaceX, Rocket Lab USA, Virgin Orbit, Firefly Black, Relativity Space, Blue Origin, ABL

Commercial . .
Launch Vehicle Space Systems, Astra Space Inc., L2 Solutions, LLC, Phantom Space Corporation
(CLV) Launch Lead Center: KSC

Services Performing Center(s): KSC

Cost Share Partner(s): N/A

ACQUISITION STRATEGY

LSP's acquisition strategy was created for the original NLS contracts for procuring CLV launch services
from domestic commercial launch service suppliers. To meet the needs of science and technology
customers who typically spend three to seven years developing a spacecraft mission, NASA created a
contractual approach providing multiple competitive launch service options to cover small-, medium-,
intermediate-, and heavy-sized missions. The follow-on contract mechanism, NLS II, has similar contract
features. These features include not-to-exceed prices, indefinite-delivery-indefinite-quantity contract
terms, and competitive firm-fixed-price launch service task order-based acquisitions. The NLS II ordering
period has been extended to June 30, 2030, to ensure active competition for NASA customers and
encourage new launch capability development through these long-term contracts, NASA provides annual
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opportunities to U.S. industry to add new commercial launch service providers and/or launch vehicles to
the contract.

LSP is also able to contract separately from the NLS contract mechanism if such an approach is necessary
to meet a mission or customer need. For instance, the launch service for the Europa Clipper mission
funded by NASA SMD was competed outside and separate from the NLS II contract due to the special
needs of that mission. In addition, VCLS awards for very small launch vehicles were conducted outside
and separate from the NLS II contract to provide more flexibility to the new, small class launch providers.

NASA has also made efforts to provide a complete launch service, including payload processing at the
launch site. LSP uses firm-fixed-price indefinite-delivery-indefinite-quantity contracts for commercial
payload processing capabilities on both the east and west coasts. The Payload Processing Facility
contracts were recompeted and the Spacecraft Processing Operations Contract (SPOC) was awarded on
February 7, 2023. SPOC is a five-year contract with a five-year option (10 years total). The contract
currently has two providers, SpaceX and Astrotech, with an on-ramp option to bring more qualified
providers.
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MAJOR CONTRACTS/AWARDS

Location (of work

Element Vendor
performance)
.. Kent, WA
NLS II-Blue Blue Origin
KSC, FL
NLS 11-0 Northrop. Grumman Systems Chandler, AZ
Corporation
NLS II-S SpaceX Hawthorne, CA
NLS II-U United Launch Services, LLC | Centennial, CO

East Coast Commercial Payload Processing

Astrotech Space Operations

Titusville, FL

Expendable Launch Vehicle Integrated
Support 3

a.i. Solutions, Inc.

KSC, FL

Cape Canaveral Space Force
Station, FL

Vandenberg Space Force Base,
CA

Europa Clipper Launch Services

SpaceX

Hawthorne, CA

SPOC

SpaceX
Astrotech Space Operations

Hawthorne, CA
Titusville, FL

Venture Class Demonstration 2 (VCLS
Demo 2)

Astra Space Inc.
Relativity Space Inc.

Firefly Space Transport
Services

Alameda, CA
Long Beach, CA

Cedar Park, TX

Venture-Class Acquisitions of Dedicated
and Rideshare (VADR)

ABL Space Systems
Astra Space Inc.
Blue Origin Florida LLC

Firefly Space Transport
Services, LLC

L2 Solutions LLC

Northrop Grumman Systems
Corporation

Phantom Space Corporation
Relativity Space Inc.

Rocket Lab USA Inc.
SpaceX

United Launch Services LLC
Virgin Orbit LLC

El Segundo, CA
Alameda, CA
Merritt Island, FL

Cedar Park, TX
Houston, TX
Chandler, AZ

Tucson, AZ
Long Beach, CA
Long Beach, CA
Hawthorne, CA
Centennial, CO
Long Beach, CA
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 48.2 -- 48.6 48.6 48.6 48.6 48.6

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Developing and testing rocket propulsion systems is
foundational to spaceflight. Whether the payload is a robotic
science experiment or a crewed mission, the propulsion
system used to launch it must be safe and reliable. A rigorous
engine test program is a critical component of any rocket
propulsion development activity.

NASA'’s Rocket Propulsion Test (RPT) program maintains
and manages a wide range of facilities capable of ground

3 % | testing rocket engines and components under controlled
conducts an RS-25 hot conditions. This test infrastructure includes facilities located

N

Shown here, NAS
fire test on the Fred Haise Test Stand at across the United States, and the program provides a
SSC in south Mississippi on June 22, 2023. single-entry point for any user of NASA rocket test stands.

RPT retains a skilled workforce capable of performing tests

on all modern-day rockets and supporting complex rocket engine development. RPT evaluates customer

test requirements and desired outcomes while minimizing test time and costs. It also streamlines facility

usage and eliminates redundant capabilities by closing and consolidating NASA's rocket test facilities, as
appropriate.

RPT is NASA’s implementing authority for rocket propulsion testing. It approves and provides direction
on test assignments, capital improvements, and facility modernization and refurbishment to reduce
propulsion test costs. RPT integrates multi-site test activities, identifies and protects core capabilities, and
develops advanced testing technologies.

The agency has designated RPT as the NASA representative for the National Rocket Propulsion Test
Group (NRPTG), an inter-agency collaboration with the DoD, to facilitate efficient and effective use of
the federal government’s rocket propulsion test capabilities. The NRPTG is a standing group within the
Range Commanders Council.

For more information, go to: https://rpt.nasa.gov/

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

In 2023, RPT test facilities continued to support NASA, commercial, DoD, and NASA international
partner requirements for purposes of component, engine, and rocket stage level of testing. RPT delivered
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test capabilities to support technology advancement, capability demonstration, risk retirement, and
hardware qualification and launch readiness for more than 700 tests (over 57,000 seconds).

RPT placed priority on testing rocket engines and components for NASA and its collaborative
commercial partners on the Artemis missions and continued to provide testing of the Space Launch
System (SLS) RS-25 core stage engines in the A-1 Test Stand at SSC in Mississippi. This testing
provided performance data on redesigned engines to be used beginning with Artemis V. Modifications
were made to the SSC B-2 Test Stand throughout FY 2023, in support of an integrated four-engine stage
test of the Exploration Upper Stage (EUS) and its plume management system. The 75-ton interstage test
article, an important element of this planned test, arrived and was mounted into the test stand in
preparation of integration of the continued RL-10 EUS engines.

At MSFC, testing supported both NASA internal and NASA collaborative projects to advance
manufacturing and development techniques through the testing of engine components, including rocket
nozzles. MSFC conducted testing in evaluation of liquid rocket engines for landers, on-orbit stages, and
spacecraft, as well as solid rocket motors. White Sands Test Facility (WSTF) supported NASA,
international partners, and commercial and defense customers with hot firings, acceptance testing, and
qualification of thrusters and thruster system components. Testing at WSTF also supported developmental
thrusters that advanced low-temperature operations and nano-satellite propulsion. Demilitarization
support for Minuteman III propulsion stages deactivation also continued. At GRC's Armstrong Test
Facility (ATF), preparations for proto-qualification testing of the Sierra Space Dream Chaser Cargo
System (DCCS) in the In-Space Propulsion Facility (ISPF) continued, as well as vacuum testing to
support a federal partner. The first DCCS ISS cargo mission is currently planned to launch in FY 2024.

The expanding commercial space market drew on RPT capabilities. Companies supported included:
Axiom Space, Boeing, Blue Origin, Dynetics, Vast, Relativity Space, Rocket Lab, Sierra Space, and Ursa
Major. Commercial industry also expanded the number of test facilities leased from the agency. With
NASA requirements for large engine testing diminishing, two legacy large engine test stands (A2 and A3)
at SSC, with no known near-term government demand, were leased to commercial tenants. Elsewhere at
SSC, test activity in the E-Complex, a versatile multi-user complex for development testing, supported a
variety of commercial engine, turbo-pump, thruster, and component test requirements. The partnering
agreements will facilitate substantial capital investment in upcoming years, provide cost sharing offsets
(savings) in operations and maintenance of common test support, and create dozens of jobs, which in turn
helps to transition SSC to a vibrant multi-user RPT Center.

Investments in FY 2023 predominately supported multi-year projects, such as the High-Pressure Gas
Facility and the High-Pressure Industrial Water control system upgrades and data acquisition system
upgrades at multiple centers.

WORK IN PROGRESS IN FY 2024

RPT continues testing of the RS-25 engines used in powering the SLS rocket in support of Artemis
missions. Building off previous hot fire testing, RPT will conduct a final certification series of 12 tests in
the Al Test Stand at SSC beginning in the fall of 2023 and extending into 2024. Six of the 12 tests have
been completed. This test series will collect data on new key components, including the nozzle, hydraulic
actuators, flex ducts, and turbopumps. The test series will help confirm that new manufacturing processes
reliably support production engine requirements for the new set of the engines for the SLS. Work also
continues at SSC to ready the B-2 Test Stand for the integrated stage test of the EUS, enabling the SLS to
send large cargos to the Moon and Mars. In late 2023, at the E-1 complex at SSC, a high-pressure
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hydrogen vent line was discovered to have shifted from its original position. Repair of the line may
impact two commercial customers planning testing in 2024. The RPT program and SSC are evaluating
options to adjust operations to meet minimum test requirements, as well as options to minimize any
downtime and return the stand to full operations within current resources.

NASA continues advancing technologies and innovative production processes using various additive
manufacturing techniques to develop lightweight, reliable combustion chambers, nozzles, and injectors.
Hot fire testing is used to validate operability, performance, and reusability. RPT test facilities at MSFC
continue to conduct testing on innovative designs and technologies such as the Rotating Detonation
Rocket Engine, a project which integrates advance technology and additive manufacturing techniques.
SLS subscale RS-25 oxidizer pre-burner testing will also be performed at MSFC to identify the
performance of additively manufactured component designs relative to the traditionally machined
processes. Commercial requirements, such as planned testing of a Blue Origin turbopump assembly, will
be conducted as well.

RPT testing at WSTF, principally centered on testing and evaluating potentially hazardous materials,
spaceflight components, and in-space propulsion systems, remains very active. Preparatory work is
underway on a multi-year effort for evaluation of Gateway propellant vent freezing in advance of later
Test Stand 405 testing. Other demand in 2024 includes initiation of a multi-year effort for Orion main
engine development, qualification, and acceptance testing at Test Stand 403.

At GRC's ATF, proto-qualification testing of the Sierra Space DCCS in the ISPF is planned to be
completed.

The above content is a representative capturing of testing demand. Additional requirements exist and
more will come in during the year as has been the historical trend. FY 2024 looks to have a stable and
high level of engine/component test requirements across the breadth of RPT's test regimes. However,
RPT does continue to right-size its facilities, consistent with where it sees future demand, and is working
with GRC to develop alternative plans for the Lewis Field Altitude Combustion Stand (ACS) and Cell 32
rocket test facility, both of which have been mothballed for several years.

Multi-year multi-center control system and data acquisition investments continue to represent the highest
priority usage of modernization resources in 2024.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

Testing to support Artemis launches and flight systems will continue to be the predominant focus of the
RPT Program. Readiness of the B-2 Test Stand for EUS testing will be paramount. EUS stage testing, like
the Green Run test performed on the first SLS core stage prior to its initial launch, will be the first
integrated test of the EUS. Multiple firings of the four RL-10 engine set are planned to demonstrate
engine restart capability.

In support of the Human Landing System program, modifications to meet qualification test requirements
for the Blue Origin Lunar Lander propulsion system will be underway at the GRC ATF ISPF. FY 2025
work includes restoration activities associated with the ISPF steam system and condensing water systems
to restore the ability to hot fire test an engine with up to 30,000 pounds of force and implementation of
other test-specific integration requirements.

The multi-year requirements, such as those supporting Orion, Gateway, and long-term efforts in support
of demilitarization of Minuteman III propulsion stages at WSTF, will continue through 2025. Testing of
advanced technologies and newly developed NASA and commercial engines, thrusters, and components
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is expected to be remain strong and will introduce new requirements yet to be defined for the utilization
schedules provided below.

The timing and nature of the test support needs of commercial test providers, including the
Pre-Exploration Production and Operations Contract implementation phase, will be better understood in
FY 2025.

RPT pricing and cost recovery policies, resulting from changes in sharing the cost of RPT provided test
support services, and decisions on how to apply the cost of maintenance to test customers, should be in
place, posturing RPT to apply a greater level of its resources toward strategic investments. Specific
requirements for enabling services to be provided (such as high-pressure water, high-pressure gas, and
cryogenics) in support of commercial testing stemming from the lease of test stands A2 and A3 at SSC
are not mature enough to project at this time.

Reassessment of the RPT test infrastructure to posture it best for agency continuing needs remains a
focused long-term planning effort. The ability for RPT to re-architecture the very-aged test support
facilities at SSC to increase affordability and reliability will depend on additive resources. The RPT
program budget has historically required institutional, and/or mission/customer cost-sharing to fund major
repair or modernization projects. RPT design architecture development studies to inform decisions for
architecture reinvestment will support future agency decisions and budget requests that may enable
reduction in future Operations and Maintenance burden to RPT and its test customers.

Program Schedule

The following chart shows past, current, and planned test campaigns at SSC, MSFC, GRC, and WSTF
rocket propulsion test facilities. The designations at the far left of the chart refer to the facility, the top of
the chart shows time by quarter of fiscal and calendar year, and the key to the status of each facility
appears at the bottom of the chart.

Most test stands and facilities are scheduled 18 months in advance. Defining the scope of work, selecting
test stands and fuel, and estimating labor and total cost to customers is a complex process that can take

18 to 36 months. RPT is working now with internal and external customers to design testing programs for
FY 2025 and beyond.
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Rocket Propulsion Test Program Consolidated Test Stand Utilization
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PROGRAM MANAGEMENT & COMMITMENTS

Program Element Provider

Provider: RPT
Lead Center: N/A

RPT Performing Center(s): SSC, JSC, GRC, MSFC, KSC, Wallops
Flight Facility (WFF)

Cost Share Partner(s): Various other NASA programs, DoD, and
commercial partners

ACQUISITION STRATEGY

None.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

None. In the governance structure, the RPT program is assessed for performance through the SOMD
Program Management Council. All Capability Portfolio programs are also assessed annually by the MSD
Strategic Investment Board.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 224.3 -- 169.6 302.3 435.2 465.2 629.3

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

SERRA NASA seeks to maintain access to a LEO

| human-rated platform to continue U.S. human

. presence — with both government astronauts

and private citizens — to support the utilization
of space by U.S. citizens, companies,
academia, and international partners, as well as
to expand the American foothold in space. To
successfully meet NASA's Strategic Goals and
Objective 2.2, to “Develop a human spaceflight
economy enabled by a commercial market",
NASA established the Commercial LEO
Development Program as a focused effort to
ensure there will be a U.S. space station in
LEO that meets NASA’s enduring
requirements, even after the ISS is retired. In meeting NASA’s requirements, this program will also help
develop a robust commercial space economy in LEO that supports good-paying jobs.

AX101

Commercial LEO Destinations are shown here. CDISS: a)
Axiom Space, Inc (far left); CDFF: b) Blue Origin's Orbital
Reef (middle), ¢) Nanoracks, Voyager Space, and Airbus
(far right) Credit: Axiom Space, Inc, Blue Origin,
Nanoracks, and Voyager Space.

The Commercial LEO Development Program supports the development of commercially owned and
operated LEO destinations from which services can be purchased that meet NASA’s requirements and
those of other customers. As commercial LEO destinations (CLDs) become available, NASA intends to
implement an orderly transition from ISS operations to new CLDs. The current strategy builds on and
applies lessons learned from over a decade of partnerships with commercial companies. The transition of
LEO operations to the private sector will yield efficiencies in the long term, enabling NASA to shift
resources towards other objectives.

NASA has pursued several avenues to enable the LEO economy. These include offering use of an ISS
berthing port to Axiom Space to deploy a new commercial element on the ISS, Commercial Destinations
for ISS (CDISS); supporting development and use of Commercial Destinations Free Flyers (CDFF);
offering use of the ISS for Private Astronaut Missions; and fostering development of crucial technologies
that enable a robust LEO economy through the Collaborations for Commercial Space Capabilities
(CCSC) initiative.

NASA is utilizing a two-phase award approach to ensure a seamless transition of activity from the ISS to
commercial destinations. In the first phase, NASA is partnered with three companies (Blue Origin,
Nanoracks, and Axiom Space) to formulate and design commercial LEO destination capabilities suitable
for potential government and private sector needs. The first phase is expected to continue through 2025.

NASA awarded Space Act Agreements (SAAs) to three companies (Blue Origin, Nanoracks, and
Northrop Grumman) in December 2021 to develop CLDs that are launched directly to orbit
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(i.e., free-flyers). In FY 2023, Northrop Grumman agreed to withdraw from its own funded SAA so the
company could join Nanoracks in providing cargo logistics services and engineering services.

Nanoracks’ commercial LEO destination, in collaboration with Voyager Space, is called Starlab. Starlab
consists of a large habitat with a docking node, power and propulsion element, and external robotic arm.
The Starlab architecture will consist of a single launch, targeted for 2027, with an initial operating
capability of four crew. In FY 2023, Voyager Space and Airbus announced an agreement paving the way
for a joint venture to develop, build, and operate Starlab. Northrop Grumman is teaming with Nanoracks
to provide services to support the Starlab station.

Blue Origin and Sierra Space are partnered to develop Orbital Reef, a commercially owned and operated
space station to be built in LEO, which will start operating in the second half of this decade. Orbital Reef
teammates include Boeing, Redwire Space, Genesis Engineering, and Arizona State University. Orbital
Reef will feature spacious modules with large Earth-facing windows and extensive pressurized volume
for the crew and multiple external payload sites.

Axiom Space is partnered with NASA to reconfigure the ISS port, provide new ISS utilities and resources
to the port, integrate the commercial elements onto ISS, and recertify new docking port locations for
Commercial Resupply Services and Commercial Crew Program vehicles. These CDISS support activities
will be funded by the Commercial LEO Development Program.

NASA's Commercial LEO Development budget request supports and advances the nation’s goals in LEO
and deep space exploration by furthering the development and maturity of the commercial space market.
This development will enable private industry to assume roles that have been traditionally
government-only, thereby creating new opportunities for economic growth in LEO and potentially
yielding long-term cost savings to the government by leveraging industry innovation and commercial
market incentives.

EXPLANATION OF MAJOR CHANGES IN FY 2025

Budgetary resources have been rephased to increase support for Phase 2 award(s) and certification
activities and given those adjustments, near-term milestones are under review.

ACHIEVEMENTS IN FY 2023

Axiom Space continued development of the commercial segment, CDISS. Axiom continued the first
phase of a CDR, which included systems such as avionics, structures, environmental control, and
payloads. Axiom also completed a Financial Health Review in FY 2023.

Blue Origin completed the Creep Test and the Orbital Reef Financial Report #1. The Creep Test ensures a
sub-scale test article passes short duration proof and leak tests as part of Orbital Reef's soft goods
certification program.

Nanoracks completed seven milestones, including the Mission Concept Review, the Payload Systems
Requirements Review, and the Starlab Stations Systems Requirement Review. These reviews ensure that
the proposed functional and performance requirements meet Commercial LEO needs.

The second private astronaut mission with Axiom, Axiom Mission 2 (Ax-2), took place in May 2023
aboard ISS. Ax-2 Commander Peggy Whitson, Pilot John Shoffner, and Mission Specialists Ali Algarni
and Rayyanah Barnawi flew to the ISS aboard SpaceX Dragon Freedom on a SpaceX Falcon 9 rocket
from Launch Complex 39A at NASA’s Kennedy Space Center in Florida. The Axiom private astronauts
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completed 10 days in space at the conclusion of their mission. The spacecraft returned to Earth with
20 research projects covering physical science, life science, human research, Science Technology
Engineering and Mathematics, and technology demonstrations.

In March 2023, NASA announced the selection of Axiom Space for the third private astronaut mission to
the ISS, which launched January 18, 2024. In August 2023, NASA announced the selection of Axiom
Space for the fourth private astronaut mission to ISS, targeting launch in 2025.

In June 2023, NASA awarded seven CCSC-2 unfunded SAAs. CCSC-2 continues the pursuit of goals set
in the U.S. National Space Policy and NASA’s strategic plan that will benefit human spaceflight and the
U.S. commercial LEO economy by meeting future business and government needs. These agreements are
designed to advance commercial space-related efforts through NASA contributions of technical expertise,
assessments, lessons learned, technologies, and data. Structured sharing of NASA expertise demands
minimal government resources but fosters development of technologies crucial to development of a
robust LEO economy. The seven selected companies are:

Blue Origin, Kent, WA;

Northrop Grumman Systems Corporation, Dulles, VA;

Sierra Space Corporation, Broomfield, CO;

Space Exploration Technologies Corporation, Hawthorne, CA;
Special Aerospace Services, Boulder, CO;

ThinkOrbital Inc., Lafayette, CO; and

Vast Space LLC, Long Beach, CA.

WORK IN PROGRESS IN FY 2024

In October 2023, NASA released a request for information (RFI) to industry, which included a draft set of
requirements for end-to-end services on future Commercial LEO Destinations. The purpose of the RFI is
to seek feedback from industry as the agency refines its requirements set for new Commercial LEO
Destinations. In FY 2024, NASA will complete and publish a requirements document that will define
NASA’s safety and services requirements for CLDs.

Progress will continue on provider agreements and near-term milestones are under review for both CDISS
and CDFF. Axiom Private Astronaut Mission 3 (Ax-3) launched from NASA’s KSC on January 18, 2024.
Once docked to ISS, the Axiom astronauts spent 18 days aboard the orbiting laboratory conducting in-
orbit activities in coordination with ISS crew members and flight controllers on the ground. The Ax-3
crew members trained for their flight with NASA, international partners, and SpaceX, which Axiom
contracted with as the launch provider for transportation to and from ISS, and who familiarized the
private astronauts with systems, procedures, and emergency preparedness for ISS and the Dragon
spacecraft.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

Progress will continue on provider agreements and near-term milestones are under review. NASA plans
to launch Axiom Private Astronaut Mission (Ax-4) in FY 2025.
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Program Schedule

The following chart depicts the near-term roadmap of planned Commercial LEO Development efforts.

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Planned ISS Deorbit W

CLD Opel

CLD Phase 1: Design Maturation

Program Management & Commitments

Providers: Axiom Space, Inc.; Blue Origin; Nanoracks LCC
Lead Center: JSC
Performing Center(s): JSC

Commercial LEO Development
Program

Cost Share Partner(s): Industry Partners (shown as providers above)

Acquisition Strateqy

NASA uses multiple acquisition tools for Commercial LEO Development. The established Next Space
Technologies for Exploration Partnerships Broad Agency Announcement contract vehicle was used for
the CDISS contract to initiate development of the commercial segment. Similar to the approach used for
the Commercial Orbital Transportation System and Commercial Crew Program, NASA used SAAs for
Phase 1 of the CDFF. FAR-based contracts will be utilized for Phase 2 to perform certification activities
and purchase destination services. NASA is using unfunded SAAs in the CCSC-2 initiative to advance
commercial space-related efforts through NASA contributions of technical expertise, assessments, lessons
learned, technologies, and data. To enable private astronaut missions, NASA uses a NASA Research
Announcement to solicit private astronaut missions to the ISS.

Major Contracts/Awards

CDISS Axiom Space, Inc. Houston, TX
CDFF Blue Origin Kent, WA

CDFF Nanoracks LLC Houston, TX
Private Astronaut Mission Ax-1 Axiom Space, Inc. Houston, TX
Private Astronaut Mission Ax-2 Axiom Space, Inc. Houston, TX
Private Astronaut Mission Ax-3 Axiom Space, Inc. Houston, TX
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Private Astronaut Mission Ax-4 Axiom Space, Inc. Houston, TX
CCSC-2 Blue Origin Kent, WA
CCSC-2 ggrrggr‘;%glmmman Systems Dulles, VA
CCSC-2 Sierra Space Corporation Broomfield, CO
CCSC-2 g;:;lc)z r];Zl)t(iI())lt?ration Technologies Hawthorne, CA
CCSC-2 Special Aerospace Services Boulder, CO
CCSC-2 ThinkOrbital Inc. Lafayette, CO
CCSC-2 Vast Space LLC Long Beach, CA

Independent Reviews

. Provide independent
Other NASA. Advisory Jan 2023 recommendations for the NASA No new recommendations.
Council ..
Administrator
NASA Acrospace Provide independent assessments
Other Safety Advisory Nov 2023 | of safety and recommendations to | No open recommendations
Panel the NASA Administrator
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Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Early Stage Innovation and Partnerships 122.0 -- 140.1 145.1 149.6 154.2 160.4
Technology Maturation 323.9 -- 340.8 353.2 363.1 370.4 377.8
Technology Demonstration 5154 -- 459.1 460.5 465.2 472.8 479.1
SBIR and STTR 231.7 -- 241.8 246.6 251.6 256.7 261.9
Total Budget 1,193.0 1,200.0/ 1,181.8 1,2054 1,229.5 1,254.1 1,279.2

Pursuant to P.L. 115-10 Title VII Sec 702(e), this budget is formulated in such a manner to avoid duplication of
projects, programs, or missions conducted by other projects, programs, or missions conducted by another office or
directorate of the Administration.

FY 2023 reflects funding amounts specified in Public Law 117-328, Consolidated Appropriations Act, 2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared; therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.

Space Technology ... s O 1 =2

EARLY STAGE INNOVATION AND PARTNERSHIPS ... ST-6
TECHNOLOGY MATURATION ..ottt eeeeeeeeeeeeeseeseesesseesnneeennes ST-12
TECHNOLOGY DEMONSTRATION ...coiiiiiiiiiiiiiiiiieieeeiieeeeeeeeeeeeeeeeseeeeeseeeeeeneenes ST-20
Solar Electric Propulsion (SEP) [Development] ........c.c.ovvieiieiiiiiiiiieeee e ST-22
Space NUCIear PropuUISION ...t a e e e ST-26
Small Spacecraft, Flight Opportunities & Other Tech Demo.........cccccoovviiviiiiiec e, ST-30
SBIRAND STTR ittt nenesnenennnes ST-37
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Early Stage Innovation and Partnerships 122.0 -- 140.1 145.1 149.6 154.2 160.4
Technology Maturation 3239 -- 340.8 353.2 363.1 370.4 377.8
Technology Demonstration 515.4 -- 459.1 460.5 465.2 472.8 479.1
SBIR and STTR 231.7 -- 241.8 246.6 251.6 256.7 261.9
Total Budget 1,193.0 1,200.0/ 1,181.8 1,2054 1,229.5 1,254.1 1,279.2

Pursuant to P.L. 115-10 Title VII Sec 702(e), this budget is formulated in such a manner to avoid duplication of
projects, programs, or missions conducted by other projects, programs, or missions conducted by another office or

directorate of the Administration.

FY 2023 reflects funding amounts specified in Public Law 117-328, Consolidated Appropriations Act, 2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared; therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.

i

X ) |
Shown here, teams with NASA, Honeybee Robotics, and
Intuitive Machines work to install The Regolith and Ice
Drill for Exploring New Terrain (TRIDENT) drill and the
Mass Spectrometer Observing Lunar Operations
(MSOLO) instrument with Intuitive Machines’ Nova-C
lander for NASA's Polar Resources Ice Mining
Experiment-1 (PRIME-1) demonstration.

STMD serves as the national technology base for
civil space. STMD transforms NASA missions
and ensures American leadership in the space
economy, rapidly developing, demonstrating, and
transferring revolutionary, high-payoff space
technologies that enhance mission capabilities
and reduce cost. NASA partners with the nation’s
aerospace industry, including small and large
businesses, as well as academia, in its high-risk,
high-reward investment activities across the
technology development spectrum.

EXPLANATION OF MAJOR CHANGES IN
FY 2025

This budget funds the close-out of the On-orbit
Servicing, Assembly, and Manufacturing
(OSAM-1) project, which was cancelled in

FY 2024. Please see the Technology
Demonstration section for more details.

This request proposes to establish Space Nuclear

Propulsion Technology as a stand-alone program and is consistent with Public Law 117-167 of

August 2022.
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KEY ACHIEVEMENTS PLANNED FOR FY 2025
Early-Stage Innovation and Partnerships (ESIP)

Space Technology Research Grants supports a robust portfolio across academic researchers, from
graduate students to senior faculty members. This program challenges academic researchers to
examine the theoretical feasibility of ideas and approaches that are critical to making science and
space activities more effective, affordable, and sustainable. In FY 2025, STMD plans to issue over
300 grants similar to prior fiscal years.

Early Career Initiative engages the early-career NASA workforce in the management and
development of two-year, $2.5 million technology projects. In addition to providing leadership
opportunities for the early-career NASA workforce, it also helps build and maintain unique skillsets
in support of NASA missions. In FY 2025, STMD expects to have nine active awards, an increase of
four over FY 2023.

Center Innovations Fund provides low-cost seed funding to develop new technologies and capabilities
at all NASA centers including JPL. Partnerships with academia, industry, other NASA centers, as
well as other government agencies are encouraged. In FY 2025, STMD plans to grant over

120 awards, about 20 awards fewer than FY 2023.

NASA Innovative Advanced Concepts nurtures highly innovative, visionary ideas that could one day
change the possible in acrospace over the next 10 to 20 plus years. In FY 2025, STMD expects about
38 active awards, an increase of about 20 over FY 2023.

Prizes, Challenges, and Crowdsourcing conducts public-facing challenges in support of all NASA
mission directorates, addressing several agency priorities. Using a wide variety of avenues, including
the NASA Tournament Lab, NASA@WORK, and Centennial Challenges, nearly every U.S. state has
provided solutions. In FY 2025, STMD is planning for nearly 50 new awards, similar to prior years.

Early-Stage Innovation and Commerce provides the ability for ESIP programs to jointly explore
innovative methods to increase the impact of NASA early-stage technology development. Examples
include innovative pilots including enhanced support to underrepresented communities,
evidence-driven programs, academic research to market, and partnerships. In FY 2025, STMD is
planning for 10 awards, similar to prior fiscal years.

Technology Transfer provides agency-level management and oversight of NASA-developed and
NASA-owned intellectual property and manages the transfer of these technologies to external entities.
NASA is seeking to accelerate commercialization through entrepreneurial initiatives and
partnerships. In FY 2025, STMD has the goal to manage over 5,000 patents and software use
agreements and to increase technology transfer activities to all NASA centers.

Technology Maturation

Game Changing Development (GCD) aims to advance exploratory concepts and deliver
transition-ready solutions that enable new capabilities or radically alter current approaches such as
High Performance Spaceflight Computing. GCD advances a broad range of mid-TRL technologies,
including in the areas of entry, descent, and landing (e.g., Safe and Precise Landing — Integrated
Capabilities Evolution and Dragonfly Entry Aerosciences Measurements (DrEAM); power and
energy storage (e.g., Tipping Points In-Situ Resource Utilization [ISRU] power on the Moon and
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Harmonia Radioisotope power supply); propulsion systems (e.g., Liquid Oxygen/Liquid Hydrogen
demonstration engine Announcement of Collaboration Opportunity); materials and structures
(e.g., Superlight Aerospace Components); and robotic systems (e.g., ISRU Pilot Excavator).

e Lunar Surface Innovation Initiative develops transformative capabilities for lunar surface exploration
across the Space Technology portfolio. Focus areas include in-situ resource utilization, sustainable
surface power, excavation and construction, dust mitigation, and ability to operate in extreme
environments. The Lunar Surface Innovation Consortium brings together NASA, universities,
industry, non-profits, and other government agencies to ensure the United States is the leader in
sustainable lunar exploration. In FY 2025, STMD expects to continue to mature technologies critical
for a sustained human presence on the Moon. For example, the Moon-to-Mars Planetary Autonomous
Construction Technology (MMPACT) will utilize lunar in-situ materials for the on-demand
construction of large-scale infrastructure elements such as habitats, berms, landing pads, and blast
shields. Lunar Infrastructure Foundational Technologies (LIFT-1) will be an ISRU lunar surface
demonstration of oxygen extraction technologies from lunar regolith for eventual production, capture,
and storage of oxygen on the lunar surface.

Technology Demonstration (TDM)

TDM matures crosscutting system-level technologies through demonstration in operational environments.
Examples of projects in TDM include high-power solar electric propulsion; cryogenic fluid management;
sustainable lunar surface power; and space nuclear propulsion. These technologies are critical for a
long-term, sustainable presence on the Moon and deep space exploration.

e The Solar Electric Propulsion project seeks to develop and qualify an advanced 12 kilowatt-class
Electric Propulsion thruster applicable to exploration and commercial spaceflight, and the
Qualification System Acceptance Review 1 is planned for FY 2025.

o The Eta Space CFM Tipping Point launch is scheduled for November 2024 and the United Launch
Alliance CFM Tipping Point launch readiness review is planned for July 2025.

e Research in both Nuclear Thermal Propulsion (NTP) and Nuclear Electric Propulsion (NEP) will
enable robust and reliable energy to both human and scientific exploration missions.

o Subscale integrated NEP concept design is targeted for completion in FY 2025

o Final design and initial fabrication of a high-power electric thruster that could be used in a NEP
system will be delivered in FY 2025

o NASA is partnering with DARPA on a cislunar demonstration of NTP technologies, planned for
FY 2027, and the mission CDR is scheduled in early FY 2025

Flight Opportunities (FO) and Small Spacecraft Technology (SST) will continue to increase the pace of
space exploration and discovery by leveraging small spacecraft and responsive launch capabilities. By
2025, the 12 current SST demonstrations, including the Starling mission and space traffic management
experiment currently on orbit, will be completed. In FY 2024, SST is evaluating four industry-led mission
concept studies for transition to one or more orbital demonstrations. During FY 2025, those new missions
will be undergoing rapid hardware development in preparation for a target launch before the end of 2026.
In FY 2025, FO anticipates using newly awarded Indefinite Delivery / Indefinite Quantity contracts to
continue its rapid pace of technology demonstrate activities in partnership with the U.S. commercial space
transportation industry.
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Small Business Innovation Research (SBIR) and Small Business Technology Transfer
(STTR)

SBIR and STTR will continue efforts to encourage participation of underrepresented groups across the
nation to expand inclusive innovation. In FY 2025, STMD plans to select over 600 new awards, grants,
and contracts to small businesses, as well as continue to incubate and mature NASA commercial
partnerships through post Phase II activities through sequential Phase Il awards. Additionally, STMD will
pilot ways to reduce barriers to entry and streamline the experience throughout the program phases,
including strategies to encourage transition to NASA, government, and/or commercial use beyond
SBIR/STTR awards.

ST-5



Space Technology
EARLY STAGE INNOVATION AND PARTNERSHIPS

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
IAgency Technology and Innovation 1.4 -- 0.0 0.0 0.0 0.0 0.0
Early Stage Innovation 99.1 -- 117.0 121.5 125.5 129.6 1354
Technology Transfer 21.5 -- 23.1 23.6 24.1 24.6 25.1
Total Budget 122.0 - 140.1 145.1 149.6 154.2 160.4

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Early Stage Innovation and Partnerships (ESIP)
empowers a community of innovators in
aerospace research and transformative
technology ventures to enable NASA’s mission
and invigorate the nation's economic future.

Early Stage Innovation supports concept studies,
applied research, and early technology
development that germinate revolutionary ideas,
expand innovation, and transform future
- capabilities. Open innovation capabilities

i 1 e & e o | support NASA’s research and development
Pictured above is the ECI Rotating Detonation Rocket (R&D) objectives and leverage the agency’s

Engine (RDRE), which is developing an efficient, high connection with the American and global public
specific impulse engine to meet NASA’s Moon to Mars to support NASA's objectives. NASA awards
transportation requirements. early-stage efforts through Space Technology

Research Grants, NASA Innovative Advanced
Concepts, the Center Innovation Fund, the Early Career Initiative (ECI), and open innovation efforts
through the Prizes, Challenges and Crowdsourcing program. Within Technology Transfer, NASA
promotes the commercialization of technologies that emerge from NASA’s R&D activities to promote
economic development through commercial expansion in space and tangible Earth applications.

EARLY STAGE INNOVATION
The ESIP portfolio includes the following program elements:
Space Technology Research Grants (STRG)

STRG conducts a series of annual and biennial competitive solicitations targeting strategic technology
gaps and stimulating innovative space technology research that engage the entire spectrum of academic
researchers, from graduate students to early career and senior faculty members. STRG emphasizes
technology that can make space activities more effective, affordable, and sustainable. In the process, close
collaborations between U.S. universities and NASA centers are established and nurtured. Also, via the
students who support these awards, these efforts cultivate the pipeline of the next generation of
technologists and innovators who will go on to support the acrospace and other industries with roles in
industry, academia, and government.

ST-6



Space Technology
EARLY STAGE INNOVATION AND PARTNERSHIPS

e The NASA Space Technology Graduate Research Opportunities (NSTGRO) solicitation seeks to
sponsor graduate researchers who show significant potential to contribute to NASA’s goal of creating
innovative new space technologies for the nation’s exploration, science, and economic future.

o The topics featured in the Early Career Faculty (ECF), Early Stage Innovations (ESI), Lunar Surface
Technology Research (LuSTR), and Space Technology Research Institutes (STRI) solicitations are of
high priority to NASA and the aerospace community and focus on areas where academia is ideally
suited to provide significant contributions.

o ECF is uniquely focused on supporting outstanding faculty researchers early in their careers as
they conduct space technology research.

o ESI efforts are slightly larger efforts that are university-led but allow for teaming within academia
as well as some external entities including industry.

o LuSTR are university-led efforts addressing high priority lunar surface challenges that
encourages larger teaming.

o STRIs are STRG's largest multi-year awards, which support university-led institutes that require
diverse, multidisciplinary, multi-institutional participants researching high-priority early-stage
space technologies.

NASA Innovative Advanced Concepts (NIAC)

NIAC offers NASA the opportunity to collaborate with any U.S. entity in search of the most visionary
and transformative technology concepts. NIAC executes annual solicitations seeking exciting,
unexplored, but technically credible new concepts that could one day create breakthroughs in space and
aeronautics. These efforts keep the agency and our nation on the cutting edge of aerospace research,
enabling long-term capabilities and disruptive innovations that make aeronautics and space exploration
more effective, affordable, and sustainable.

Initiated in 2011 as an internal NASA program, NIAC Phase I and continuation Phase II solicitations are
open to NASA centers, other government agencies, universities, industry, and individual entrepreneurs.
NASA implemented a Phase III solicitation in 2019 to complement its portfolio of Phase I and Phase 11
concepts. Phase III studies continue to mature Phase II transformative ideas, allowing NASA to
strategically transition the most promising NIAC concepts to other NASA programs, other government
agencies, or commercial partners.

Center Innovation Fund (CIF)

CIF provides annual seed funding to each NASA center, including NASA's JPL, to stimulate aerospace
creativity and workforce innovation to transform future missions and advance national aerospace
capabilities. CIF activities are competitively proposed by researchers at NASA centers with concurrence
by NASA HQ to explore alternative technology approaches or develop enhanced technology capabilities
that will advance NASA mission capabilities. Partnerships with academia, private industry, individual
innovators, as well as among NASA centers and government agencies, are highly encouraged.

Early Career Initiative (ECI)

ECI provides the opportunity for NASA early career civil servants to propose and work on two-year
technology projects with industry and academic partners, engage in hands-on technology development
opportunities, and learn different approaches to project management. To maximize the effectiveness of
the early career projects, each team is mentored by senior NASA center personnel and NASA STMD
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subject matter experts. Several ECI projects target technology demonstrations or flight opportunities that
support lunar surface operations, which provides NASA civil servant innovators the opportunity to have
their technologies demonstrated on the lunar surface. Designed to invigorate NASA’s technology base
and champion innovative management processes, ECI successfully partners NASA early career leaders
with external world-class innovators to deliver transformative national space capabilities.

Prizes, Challenges, and Crowdsourcing (PCC)

PCC has a toolkit consisting of three parts. The NASA Tournament Lab is operated by the Center of
Excellence for Collaborative Innovation (CoECI) and manages a contract that makes a wide variety of
commercial open innovation platforms available to NASA employees to conduct challenge and
crowdsourcing projects to support their work. CoECI also supports NASA Spark (formerly
NASA@WORK), an internal crowdsourcing and challenge platform designed to improve the ability of
NASA employees to connect with others within the agency to solve technical and non-technical
problems. Centennial Challenges offer incentive prizes to generate revolutionary solutions to support
advanced NASA technology needs and, where appropriate, partners with both private or public
organizations to maximize return on investment.

Early Stage Innovation and Commerce (ESIC)

ESIC addresses the ESIP portfolio joint priorities and implements innovative pilots to advance
technology-driven economic growth through engagement, evidence-based implementation, and
addressing barriers to promote inclusivity as a key component to ensuring American global leadership in
space technology. ESIC addresses several ESIP/STMD gaps complementing other existing programs,
including increasing the emphasis on and impact of inclusive innovation and participation by
non-traditional and diverse communities across ESIP programs, increasing the rate of transition from
university labs to market by actively supporting entrepreneurship in university-based research, and
building capability for evidence-driven evaluation and technology transition. ESIC provides the ability for
ESIP programs to jointly explore innovative methods to increase the impact of NASA early stage
technology development, including testing the potential of non-profit partnerships to leverage
philanthropic capital to advance space technology research.

TECHNOLOGY TRANSFER

Technology Transfer provides agency-level management and oversight of NASA-developed and
NASA-owned intellectual property and manages the transfer of these technologies to external entities.
Activities include active collection and assessment of all NASA inventions, strategic management and
marketing of intellectual property, negotiation and management of licenses, software releases, and
development of technology transfer-focused partnerships. The team tracks and reports metrics related to
these activities (e.g., numbers of new inventions, patents, licenses, cooperative research and development
agreements, or software use agreements).

NASA’s Technology Transfer Expansion (T2X) initiative accelerates commercialization of NASA
technologies through outreach, strategic partnerships, and entrepreneurial projects that expand NASA’s
presence, create an entrepreneurial workforce, and increase national economic impact. Focused in regions
across the nation where there is evidence of highly concentrated resources to support and stimulate
high-tech sustainable startup ecosystems, T2X engages in innovative entrepreneurial activities and with
institutions of higher education to increase licensing and commercialization success. These expansion
efforts employ regionally-tailored engagements to promote venture creation and growth, support the U.S.
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economy (including the space industry), and help companies across the country successfully bring new
technologies to market.

EXPLANATION OF MAJOR CHANGES IN FY 2025

None.

ACHIEVEMENTS IN FY 2023

o NIAC selected 14 Phase I studies and six Phase II visionary studies, worth $175,000 and $600,000
respectively. Examples include a lunar pipeline to efficiently transport oxygen manufactured at the
Moon’s South Pole to a future Artemis base, advanced propulsion systems capable of rapid flights to
Mars and beyond, and a rapid defense system for planetary protection from dangerous asteroid
impacts.

e ECI continued four second-year activities and initiated five new ones at different NASA centers, each
worth up to $2.5 million. New ECI awards include the advanced development of efficient new rocket
engines, instruments to measure lunar volatiles and planetary atmospheres, and a system for carbon
capture and utilization for terrestrial and lunar applications.

e CIF competitively selected 123 innovative seedling activities across the NASA centers. Highlights of
selected projects include methodologies for machine learning of agriculture crop damage after severe
storms and high precision relative position sensing system to mitigate and track orbital debris.

e STRG funded 74 new projects with universities. STRG also released its first solicitation that
leveraged the double anonymous peer review approach in 2023 based on SMD's evidence of the
approach advancing inclusive innovation. These activities cover a range of technical topics including
orbital debris mitigation, materials and manufacturing advancements for the next generation of
higher-powered spacecraft, and advancements in hypersonic transition, turbulence, and spacecraft
stability, including entry and descent modeling that will help enable the exploration of Mars, Titan,
and gas giant planets and the safe return to Earth.

e The PCC Deep Space Food Challenge Phase 2 awarded a total of $750,000 to five U.S. teams (and
recognized three international teams) for building and demonstrating prototypes for in-space food
production. Four teams won a total of $1.6 million in Phase 2, level 2, of the Watts on the Moon
Challenge to develop systems to store and distribute power on the lunar surface. Through its
Crowdsourcing Contenders solicitation, PCC also awarded $830,000 for 13 crowdsourcing projects
proposed by members of the NASA workforce to support NASA technology needs ranging from
astronaut medical care on the lunar surface to miniaturized sensors to detect methane on the Earth and
other planets.

e Technology Transfer licensed over 143 patents and 12 copyrights, fulfilled over 5,300 new software
usage agreements, and recorded 1,564 new inventions.

e STMD, in partnership with SMD and NSF, released the Innovation-Corps (I-Corps) pilot solicitation,
an immersive, entrepreneurial training program, and selected the first participant from a minority
serving institution. ESIC released NASA’s first community building prize that will support deeper
engagement with diverse ecosystem of innovators who are unfamiliar with ESIP’s funding
opportunities as well as identify best practices for outreach to untapped communities.
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WORK IN PROGRESS IN FY 2024

NIAC selected 13 new Phase I awards in January 2024, each worth $175,000. Some concepts include:
a new technique to maintain cryogenic hydrogen propellant for long duration space missions; a
unique method to search for life signatures in mined lunar and Martian water; and a concept to bring
back a sample from the surface of Venus. NIAC will also select up to eight new Phase II awards and
one Phase Il award in FY 2024.

ECI selected four new activities for FY 2024 and continued the five initiated in FY 2023. The new
ECI projects include an advanced ground-based sensor to monitor the development and transport of
greenhouse gasses in the Earth’s atmosphere, development with industry partners of several
technologies required for in-space servicing of spacecraft, and a rapid method to detect and mitigate
destructive arcing in solar arrays on spacecraft and on the lunar surface. CIF funded 106 highly
innovative activities across the centers including JPL, including robotic construction methods, sensors
and instruments for planetary and Earth-science applications, power and propulsion concepts, and
methods to mitigate the hazards of operating on the lunar surface.

STRG’s plans to make additional awards for graduate fellowships, early career faculty, research
institutions and teams pursuing lunar surface innovations in FY 2024. New activities include novel
methods of a "gecko roller" to remove lunar dust from spacesuits and instruments, the development of
space refrigeration systems without hazardous refrigerants for a potential range of needs spanning
from crew health to space biology and geology needs, and research into innovative approaches using
multiple robots to access and explore challenging lunar terrain.

PCC will conclude the final phases of the Watts on the Moon, Break the Ice Lunar, and Deep Space
Food Challenges. PCC will open a new Centennial Challenge in FY 2024 intended to incentivize the
design, development, and demonstration of novel solutions and technologies for sustainable waste
management, reuse, and recycle on the lunar surface. PCC will also collaborate with the NASA and
NOAA SBIR/STTR programs to develop a $200,000 challenge to promote the development of
business models to provide climate decision support tools using NASA and NOAA climate data. The
intent is that the challenge will stimulate and prepare competitors to submit proposals to future
SBIR/STTR solicitations in NASA and NOAA on climate topics.

ESIC will continue to offer I-Corps grant awards and the Space Tech Catalyst Prize will announce
winners, offering an opportunity for prize winners to share best practices and potential collaboration
opportunities to increase inclusion in ESIP programs. ESIC will continue to pilot methods for
increasing engagement and awards with minority serving institutions (MSIs) and other diverse
awardees to enable breakthrough technology innovation. ESIC will implement an evaluation on
transition strategies consistent with the FY 2024 Agency Evaluation Plan in the NASA Learning
Agenda.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

NIAC will continue to nurture visionary ideas that could transform future NASA missions through
Phase I, 11, and III awards.

ECI plans to increase the number of annual early career development awards in FY 2025 with a goal
of eventually funding at least one new ECI activity annually at each NASA center. The CIF Program
will continue to invest in highly innovative center activities to further enhance and enable future
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agency capabilities, adding to the more than 90 patents, 350 New Technology Reports, dozens of
commercial licenses, and two spin-off companies already generated by the program.

e  While the majority of STRG solicitations traditionally focus on specific topics of study in known
emerging areas or that address known technology needs, the program is evaluating a pilot of a
solicitation that will allow for the proposal of disruptive acrospace technologies, generated by
academia, that potentially enable new capabilities or new fields of aerospace technology study.
Additionally, STRG is also planning to potentially pilot an approach to a set of funded extensions and
continuations on prior STRG awards, potentially including but not limited to LuSTR, ECF, and ESI
awards, which focus on enabling greater pipelines for technology infusion and/or transitions of early
stage technologies from academia to industry.

e PCC will conduct the waste management challenge while formulating and preparing to launch an
additional Centennial Challenge. PCC will also conduct its next Crowdsourcing Contenders
solicitation. PCC will continue to make the NASA Spark platform available to all NASA employees,
while supporting public challenges and crowdsourcing projects to meet NASA mission needs. PCC
will also collaborate with other STMD programs on projects to fund, transition, and advance
technologies of strategic value to NASA.

e The Technology Transfer Program will expand T2X beyond the initial three pilot centers to increase
licensing and commercialization successes while engaging local and regional partners and will
increase T2X agreements, with an emphasis on MSIs and historically black college and universities.

o ESIP aims to increase the rate of transition from university labs to market through formalizing
I-Corps as an activity and piloting entrepreneurial fellowships in partnership with NSF. In addition,
ESIP will continue to promote efforts to streamline and create efficiencies for proposers and partners.
Through strategic investments in institutional capacity building as well as proposer development,
ESIP anticipates strategic investments in capacity growth to yield greater participation by
non-traditional and diverse communities across ESIP programs.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 323.9 -- 340.8 353.2 363.1 370.4 377.8

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Technology Maturation portfolio
provides transformative and crosscutting
technologies that contribute to U.S.
leadership in space technology and support
NASA missions. The program is committed
to developing a global lunar utilization
infrastructure for sustained operations on
the lunar surface. Critical to this effort are
industry partnerships that enable NASA and
the private sector to share the risk and
benefit of common technology interests and
investments. These industry partnerships are
primarily developed through NASA's
Tipping Point (TP) and Announcement of
Collaboration Opportunity (ACO)
solicitations.

ICON is illustrating the autonomous on demand 3D printing of
a notional large-scale structure on the lunar surface using in-
situ regolith-based materials developed under the Technology
Maturation Moon-to-Mars Planetary Autonomous
Construction Technology (MMPACT) project.

EXPLANATION OF MAJOR CHANGES IN FY 2025

The Budget includes $10 million to support an FY 2025 round of ACO awards to increase NASA’s
ability to engage with private industry.

PROJECT OVERVIEWS

Technology Maturation has a broad portfolio of approximately 100 activities, with the majority of these
activities including partnerships and collaborations with industry, academia, and/or other government
agencies. The portfolio includes a combination of mid-TRL ground-based and flight demonstration
developments.

SPACE TRANSPORTATION

NASA advances technologies that support rapid, efficient in-space transportation and reduce transit times.
Propulsion investments focus on higher thrust and efficiency, including alternatives to traditional
chemical propulsion systems for deep space exploration spacecraft systems, and advancement of additive
manufacturing techniques. Specific investments include:
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e Refractory Alloy Additive Manufacturing Build Optimization (RAAMBO) and Optimized and
Repeatable Components in Additive Manufacturing (ORCA), which will advance additive
manufacturing using refractory alloys;

e Composite Technologies for Exploration -- Thermoplastic Development for Exploration Applications
(CTE-TDEA) is advancing thermoplastic composite capabilities by developing structural joining
solution methods for aerospace structures (e.g., lunar landers, on-orbit assembly of large-scale
structures, and launch vehicle applications); and

e Fully Additively Manufactured Liquid Oxygen/Liquid Hydrogen Engine demonstration (FAMLLE)
ACO partnership with industry to produce an additively manufactured thrust chamber assembly and
validate the structural integrity and reliability through a series of tests. If successful, this innovative
approach will reduce manufacturing time and costs for space-grade components.

ENTRY, DESCENT, AND LANDING (EDL)

STMD is working to develop capable EDL systems, materials, and computer modeling capabilities
necessary to land increased mass more accurately on planetary bodies and to improve capabilities to
return spacecraft from LEO and deep space. More specifically, NASA is focusing on precision landing
and hazard avoidance; design, analysis, and testing of advanced materials for thermal protection; and
EDL architectures for future exploration vehicles and planetary entry missions. Stereo Camera for Lunar
Plume-Surface Studies (SCALPSS), a collaboration with SMD, is an example, and it is composed of tiny
cameras placed around the base of the commercial lunar lander that monitor crater formation from the
precise moment a lander’s hot engine plume begins to interact with the Moon’s surface. SCALPSS data
will be used by future lunar lander vehicle and surface system designs.

SUSTAINABLE EXPLORATION

Space Technology is also working on capabilities for sustainable living and working farther from Earth to
support routine crewed operations beyond LEO. Technologies demonstrated will enable humans to live
and operate on the Moon and eventually on Mars. Additionally, these capabilities provide the ability to
reach challenging sites and resources on the Moon and Mars and to survive and operate through the lunar
night.

Lunar Surface Innovation Initiative (LSII)

Through LSII, Space Technology is developing the essential capabilities required for humans and systems
to successfully live and operate in multiple environments on the lunar and other planetary body surfaces.
These technologies will result in the capability to extract and utilize local resources, generate surface
power and store energy, access and navigate a variety of terrains, autonomously excavate lunar surface
materials for manufacturing and construction, and mitigate lunar dust. Also included in LSII is the Lunar
Surface Innovation Consortium, which is facilitated by Johns Hopkins Applied Physics Laboratory and
supports a nationwide alliance of universities, industry, non-profits, NASA, and other government
agencies with a vested interest in establishing a sustained presence on the Moon. Since its inception in
2019, LSII has engaged over 800 organizations across 50 states, the District of Columbia, Guam,

Puerto Rico, and 48 countries to advance the technologies needed to explore the lunar surface and
stimulate economic development.
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Key activities and elements of LSII are described below.
In-Situ Resource Utilization (ISRU)

ISRU will develop and demonstrate technologies to use the Moon’s resources to produce water, fuel, and
other supplies. Following development and maturation of ISRU technologies at the component,
subsystem, and scaled system levels, this effort will demonstrate the ability to produce propellants, other
mission consumables, and infrastructure from regolith and atmospheric resources at a variety of
destinations.

e Polar Resources Ice Mining Experiment-1 (PRIME-1) will be the first ISRU demonstration on the
Moon. The project includes a flight-ready instrumentation package that will robotically sample and
analyze ice from below the surface. PRIME-1 is a critical instrument suite that will be integrated on
the SMD Commercial Lunar Payload Services (CLPS) Intuitive Machines commercial lunar lander to
land at the lunar South Pole to assess the volatiles and determine water content. PRIME-1 will help
provide the knowledge necessary to find critical resources to produce propellant, water, and oxygen
for lunar missions.

e Lunar Infrastructure Foundational Technologies (LIFT-1) is a flight demonstration that will leverage
collaboration with industry, academia, and other government agencies, to increase technology
readiness for most of the Moon-to-Mars Infrastructure Objectives. The primary objective will be an
ISRU lunar surface demonstration of oxygen extraction technologies from lunar regolith for eventual
production, capture, and storage of oxygen on the lunar surface.

Sustainable Surface Power

STMD is making critical advancements in power generation and energy storage that will provide the
capability for continuous power throughout day and night operations on the lunar surface. Solar array
technology under development can generate energy in extreme environments, including low-light
intensity and low temperature. In addition, Space Technology is developing and demonstrating a primary
fuel cell system to support operations with long discharge times, including applications on rovers,
powering of habitats, powering ISRU systems, and for general energy storage:

e Vertical Solar Array Technology (VSAT) is a partnership with industry to develop lightweight solar
arrays capable of autonomous 10-meter vertical deployment on uneven terrain and will enable near
continuous capture of sunlight by the solar arrays at the lunar South Pole region.

o The ISRU-Based Power on the Moon (ISRU Power) TP project will develop a commercial
end-to-end system that produces solar power from simulated lunar regolith using molten regolith
electrolysis.

e The Harmonia radioisotope power supply (Harmonia RPS) for Artemis TP project will deliver a
novel radioisotope power system that will enable lunar night operations through an electrically heated
10-Watt electric Stirling generator.

e The LunaGrid-Lite TP demonstration is a tethered, scalable lunar power transmitter that will enable
power distribution to remote, hazardous, and permanently shadowed regions on the lunar surface and
will remove the burden of rovers needing to carry a power source around the lunar surface.
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Dust Mitigation

Lunar dust is one of the principal issues that NASA must address before returning to the surface of the
Moon. It has the potential to affect every lunar surface system. STMD is developing technologies and
concepts to mitigate lunar dust hazards to enable sustained operations both on the lunar surface and with
transfers to and from the Lunar Gateway or other orbital platforms. Electrodynamic Dust Shield (EDS) is
an active dust mitigation technology demonstration that uses electric fields to move dust from surfaces
and to prevent accumulation on surfaces. Potential applications include thermal radiators, spacesuit
fabrics, visors, camera lenses, solar panels, and many other technologies.

Excavation and Construction

Space Technology is developing technologies that enable affordable, autonomous manufacturing and
construction using lunar surface materials. The ability to excavate regolith under lunar environmental
conditions, which include Iunar dust, extreme temperatures, and minimal gravity is critical to NASA's
ISRU subscale demonstration construction plant.

e Moon-to-Mars Planetary Autonomous Construction Technology (MMPACT) utilizes lunar in-situ
materials for the on-demand construction of large-scale infrastructure elements such as habitats,
berms, landing pads, and blast shields. These structures will provide protection for crewmembers,
hardware, and electronics while on the surface of an extraterrestrial body and enable sustained surface
exploration.

e The ISRU Pilot Excavator (IPE) will demonstrate a regolith robot excavator capable of supplying raw
materials to an ISRU pilot construction plant.

Extreme Environments

STMD is advancing rovers, manipulators, and other systems that can operate throughout the full range of
lunar surface conditions, including lunar noon (up to 150 degrees Celsius), lunar night (down to negative
180 degrees Celsius), multiple day/night cycles, and permanently shadowed regions (down to negative
240 degrees Celsius).

TRANSFORMATIVE MISSIONS AND DISCOVERIES
Extreme Access

STMD is developing technologies that enable humans or robotic systems, particularly autonomous
systems, to efficiently access, navigate, and explore previously inaccessible lunar or planetary surface or
subsurface areas.

e Cooperative Autonomous Distributed Robotic Exploration (CADRE) will evolve technology
developed by the Pop Up Flat Folding Exploration Robot (PUFFER) project and demonstrate
collaborative autonomous exploration on the lunar surface by navigating, communicating, computing,
perceiving, and decision-making without human interaction.

e Inspired by terrestrial technology, STMD will deploy the first LTE/4G communication system that
will deploy on the lunar surface as part of a TP contract. The system aims to support lunar surface
communications at greater distances and increased speeds.

e The Micro-Nova TP project is a small deployable hopper lander that will access lunar craters and
enable high-resolution surveying of the Iunar surface over a short distance.
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High-TRL Light Detection and Ranging (LiDAR) is a vision mapping system that will enable rovers
to venture beyond benign planetary and lunar surfaces into dark, high-contrast, confined, or
low-texture (i.e., extreme) environments. The main electronics box will fly on the Dragonfly mission
to the Saturn moon Titan and potentially future lunar surface missions.

Servicing, Assembly, Manufacturing, and Crosscutting

Super-lightweight Aerospace Composites (SAC) will scale up the manufacturing and use of
high-strength carbon nanotube composite materials leading to significant mass savings in rocket and
spacecraft structures such as EDL systems, hypersonic vehicles, and propulsion systems.

Precision Assembled Space Structure (PASS) technologies are autonomously assembled structures
and high-precision joints for effective and efficient on-orbit assembly of large structures, such as next
generation science telescope. The project is a collaboration with the Department of Defense and
SMD.

The 2023 ACO Robotically Assembled Light Bender (RALB) system will redirect sunlight to
individual solar power systems to generate electricity in regions without sunlight.

Avionics, Communication, and Navigation

High Performance Spaceflight Computing (HPSC) is intended to develop a next-generation flight
computing system that can improve in-space computing performance to 100 times the computational
capacity of current flight processors for the same amount of power.

Distributed Spacecraft Autonomy (DSA), flown on the Small Spacecraft Technologies Starling
mission, is a multi-spacecraft mission autonomous decision-making technology which will
significantly increase the effectiveness of missions by operating them as a collective rather than
individually.

INDUSTRY AND COMMERCE INNOVATION OPPORTUNITY

NASA stimulates the commercial space industry through collaborative partnerships that foster the
technology development required for future NASA, commercial, and government sector capabilities and
missions. STMD employs a novel, merit-based competition model to ensure that NASA maintains a
crosscutting portfolio that spans a range of technical disciplines and market readiness levels.

Through TP proposals, NASA seeks industry-developed space technologies that can foster the
development of commercial space capabilities and benefit future NASA missions. A technology is
considered at a tipping point if an investment in a demonstration will significantly mature the
technology, increase the likelihood of infusion into a commercial space application, and bring the
technology to market for both government and commercial applications. The partnerships established
through TP selections combine NASA resources with an industry contribution of at least 25 percent
of the total project resources (10 percent minimum for companies with 500 or fewer employees),
shepherding the development of critical space technologies/capabilities to stimulate commercial space
economy while also saving the agency, and American taxpayers, money.
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Through ACO awards, NASA helps reduce the development cost of space technologies and
accelerate the infusion of emerging commercial capabilities into future missions. Resulting in
unfunded Space Act Agreements, NASA centers partner with selected companies to provide
expertise, facilities, hardware, and software at no cost.

ACHIEVEMENTS IN FY 2023

STMD made 16 new ACO and 11 TP selections to advance capabilities and technologies related to
NASA’s Moon to Mars objectives.

Mission payload highlights include:

DSA launched onboard the Starling mission in July 2023, and successfully demonstrated the
autonomous ability to collect and analyze science data from a swarm of spacecraft which are
currently monitoring Earth’s ionosphere and utilizing the DSA software to communicate with each
other and autonomously react to collectively reorient as required.

SCALPSS completed hardware development and delivered flight hardware to the CLPS provider

Firefly Aerospace for integration into the lunar lander in support of a launch and demonstration in
2024.

MMPACT continued to advance the technology necessary for lunar surface construction through
successful development and test of the construction material Laser Vitreous Material Transformation
(Laser VMX).

Vertical Solar Array Technology completed detailed design reviews and started prototype fabricating.

SAC successfully manufactured large quantities of high-strength carbon nanotube yarn required for
future technology infusion into other applications such as Nuclear Thermal Propulsion components,
nozzle extensions, and composite pressure vessels.

WORK IN PROGRESS IN FY 2024

Technology Maturation is currently executing over 95 projects including 41 ACO and TP projects. Many
of these technology payloads are preparing for flight hardware delivery or completing integration and
testing with the various launch providers:

STMD plans to release a Request for Information for LIFT-1 and is developing Request for Proposal
requirements for launch, landing, and operations of the payloads on the lunar surface. LIFT-1
selection is currently planned by early FY 2025.

PRIME-1, LTE/4G Communications, and Micro-Nova TP project are in process of final integration
and testing with the NOVA-C Intuitive Machines (IM) lunar lander for launch on the CLPS IM-2
mission.

EDS completed payload development and delivered to Firefly in early FY 2024 to support a launch
and flight demonstration in early to mid-FY 2024.

CADRE will deliver the flight hardware to IM in preparation for launch and landing in 2024 onboard
the CLPS IM-3 mission.

SCALPSS will also deliver flight hardware to Blue Origin for integration into their lunar lander.
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The ISRU Pilot Excavator (IPE) critical design review (CDR) and qualification testing on the
prototype unit is in progress and the team will launch a multi-year university challenge that will give
students the chance to develop autonomy code and simulations using the IPE as the subject case
study.

VSAT vendors will compete testing of the components and system prototypes in a simulated lunar
environment and once complete, the system will be ready for subsequent testing in an operational
environment.

RALB ACO team will fabricate and ground test a robotically assembled tandem reflector mirror
system at NASA test facility.

HPSC will complete its CDR and begin qualification testing on prototype chips.

PASS will complete a 20-meter autonomous assembly ground demonstration.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

STMD will continue to focus technology developments on both lunar surface payloads and
multi-application technologies.

Plans for flight payloads include:

SCALPSS and EDS will support the CLPS 19D Firefly launch and landing.
CADRE will enter the operations phase as it roams the lunar surface.

Safe and Precise Landing - Integrated Capabilities Evolution (SPLICE) will complete a low-altitude
flight test of an integrated hazard detection and avoidance system.

Dragonfly Entry Aerosciences Measurements (DrEAM) hardware acceptance review will be
complete for all flight hardware for the SMD New Frontiers mission Dragonfly to Titan, Saturn’s
largest moon.

Plans for multi-application technologies include:

HPSC will complete evaluation of chip prototype shock and radiation testing, and work will conclude
by documenting multi-core flight computing system in order to facilitate transition into commercial
applications.

The FAMLLE ACO team will integrate the partner-provided thrust chamber assembly into an
engineering test unit and complete a hot fire test.

Plans for ISRU, power, and construction projects include:

Carbothermal Reduction Demonstration (CaRD) will test the concentrated solar energy prototype to
heat simulated regolith high enough to melt it and create the reaction to extract oxygen from the
regolith.

The MMPACT activity will complete with a technical assessment of the key performance parameters
to help enable the technology to transition to flight opportunities (e.g., LIFT-1, CLPS).

Harmonia Radioisotope Power Supply for Artemis will complete final design of the electrically
heated Stirling generator.
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e LunaGrid-Lite will fabricate and test an engineering model of an integrated electric transmission
cable and reel subsystem and a universal modular interface converter with a CubeRover.

e LIFT-1 will make selection(s) for award of a lunar surface technology demonstration mission.

e ISRU power on the Moon TP will complete ground demonstrations of melting simulated regolith and

purification of silicon as a steppingstone to larger scale subsystem demonstrations and eventually a
fully integrated system demonstration of molten regolith electrolysis.

MAJOR CONTRACTS/AWARDS

Element

Vendor

Location (of work performance)

2022 Announcement of
Collaboration Opportunity (ACO)

For information, go here.
https://www.nasa.gov/news-
release/nasa-selects-12-companies-
to-collaborate-on-key-technology-

development/

Aerojet Rocketdyne, Inc.
Blue Origin, LLC
Boeing Company
Canopy Aerospace Inc.
Lockheed Martin Inc.
Maxar

Phase Four, Inc.

Psionic, LLC

Roccor, LLC

Sierra Space Corporation
Stratolaunch, LLC
Venturi Astrolab, Inc.

El Segundo, California
Kent, Washington
Arlington, Virginia
Denver, Colorado
Bethesda, Maryland
Westminster, Colorado
El Segundo, California
Hampton, Virginia
Erie, Colorado
Louisville, Colorado
Mojave, California
Hawthorne, California

2022 Tipping Points (TP)
For information, go here.

https://www.nasa.gov/general/2023-
nasa-tipping-point-selections/

Astrobotic Technology
Big Metal Additive
Blue Origin, LLC
Freedom Photonics
Lockheed Martin Inc.
Redwire
Protoinnovations

Psionic

United Launch Alliance (ULA)

Varda Space Industries
Zeno Power Systems

Pittsburgh, Pennsylvania
Denver, Colorado

Kent, Washington

Santa Barbara, California
Littleton, Colorado
Jacksonville, Florida
Pittsburgh, Pennsylvania
Hampton, Virginia
Centennial, Colorado

El Segundo, California
Washington, D.C.

Note — Some of these activities may conclude in FY 2024 and may not be active in FY 2025.
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FY 2025 Budget

Op Plan CR Request

Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Solar Electric Propulsion (SEP) 18.5 10.5 13.0 7.7 6.6 5.7 1.7
On-Orbit Servicing, Assembly, and 227.0 -- 11.0 0.0 0.0 0.0 0.0
Manufacturing Demonstration-1

Space Nuclear Propulsion 913 -- 110.0 70.5 54.5 455 42.5
Small Spacecraft, Flight Opportunities & Other 178.6 -- 325.1 382.3 404.1 421.6 4349
Tech Demo

Total Budget 515.4 - 459.1 460.5 465.2 472.8 479.1

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of

this chapter or in the section titled "FY 2025 President

Shown above is the Deep Space Optical
Communications transceiver assembly before it
was integrated and launched with the Psyche
spacecraft.

's Budget Request Summary."

The Technology Demonstration Program matures
crosscutting system-level technologies through
demonstration in operational environments. The
program does this through both ground-based testing
and space flight demonstrations in relevant or
operational environments. Ground-based testing is
performed to advance technologies from component
validation to system model or prototype demonstration.
Space flight demonstrations further advance system
level technologies with the goal to transition these new
capabilities to operational use by NASA missions,
industry, and other government agencies.

The Technology Demonstration (TDM) portfolio
technology investments include high-power solar
electric propulsion; cryogenic fluid management;
sustainable lunar surface power; lunar infrastructure,
advanced communications, and navigation; in-space

servicing, assembly, and manufacturing. Commercial sector collaborations continue to be used to share
the risk and financial interest and better leverage government investments.

The Space Nuclear Propulsion (SNP) Program’s goal is to advance more robust deep-space propulsion
systems with higher propellant efficiencies that can enable future NASA mission sets. Technology
maturation and demonstration projects managed within the SNP Program will focus principally on
nuclear electric propulsion (NEP) and nuclear thermal propulsion (NTP) system concepts. More advanced
nuclear-powered concepts could be incorporated as engineered systems become feasible.

The Flight Opportunities and Small Spacecraft projects rapidly develop and demonstrate technologies
through partnerships with U.S. industry for suborbital flight testing and small spacecraft missions. These
programs leverage agile spacecraft platforms and responsive launch capabilities to increase the pace of
space exploration, scientific discovery, and the expansion of space commerce. These emerging
capabilities have the potential to enable new mission architectures, enhance conventional missions, and
promote development and deployment on faster timelines. The programs partner with U.S. industry and
academia to target technology gaps that market forces would not otherwise fill. The two programs address
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the advancement of technologies that support national efforts in cislunar space and breakthrough
capabilities that ensure national leadership in space and help the commercial space industry grow.

EXPLANATION OF MAJOR CHANGES IN FY 2025

This request proposes to establish Space Nuclear Propulsion Technology as a stand-alone program and is
consistent with Public Law 117-167 of August 2022.

This request reflects a delay to the Fission Surface Power (FSP) delivery from FY 2029 and supports a
2032 delivery to the launch site. NASA will work to complete the design and development of a modular
FSP source that supports Iunar and Mars surface exploration.

This budget request reflects NASA's decision to cancel and close out the On-orbit Servicing, Assembly,
and Manufacturing Demonstration-1 (OSAM-1) Project in FY 2024, due to spacecraft bus delivery
delays, supply chain issues, significant cost growth, other persistent technical performance challenges,
and surveys of industry members have revealed no dependence on OSAM-1 technologies nor technology
gaps that OSAM-1 uniquely fills. The project name was changed from Restore-L to OSAM-1 when the
Space Infrastructure Dexterous Robot payload was added to the mission. When the project baseline was
established in May 2020, baseline development costs were $974.4 million with a Launch Readiness Date
(LRD) of September 2025. NASA established a new baseline in October 2022 with development costs of
$1.244 billion and an LRD of December 2026. In September 2023, NASA notified Congress it
anticipated that OSAM-1 would exceed the October 2022 baseline development estimate by more than
15 percent and the new LRD by more than six months. In January 2024, NASA held an independent
review board which recommended cancellation of the project. Closeout activities will continue in

FY 2025 to cover residual workforce closeout costs.
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SOLAR ELECTRIC PROPULSION (SEP)

FY 2025 Budget

Op Plan CR Request
[Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
[Formulation 179.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 1792
Development/Implementation 130.1 27.1 16.5 19.0 13.7 9.5 5.7 1.7 0.0 2233
Operations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2024 MPAR LCC Estimate 309.3 27.1 16.5 19.0 13.7 9.5 5.7 1.7 0.0 4025
Total Budget 296.6 18.5 10.5 13.0 7.7 6.6 5.7 1.7 0.0 360.2

The FY 2024 MPAR LCC Estimate for SEP reflects the total LCC reported by NASA in January 2024. The requested
budget authority is inclusive of Space Technology only.

PROJECT PURPOSE

NASA will continue the development of SEP with
higher-power, longer-life thrusters, which are nearly
three times as powerful as current technology. In
collaboration with ESDMD, the first operational
demonstration of the SEP 12-kilowatt (kW) thruster
will be on the Power and Propulsion Element (PPE) to
place Gateway into its highly elliptical lunar orbit.
This demonstration and operational mission will

T : provide NASA with experience in electric propulsion
Shown above is the Solar Electric Propulsion around the Moon, while demonstrating operational
project's first q“aliﬁ.c.aﬁo“ thruster installed in approaches as Gateway interfaces with visiting crew
thermal vacuum facility test chamber. and robotic vehicles. SEP will also enable more
efficient orbit transfer of spacecraft and accommodate
the increasing power demands for government and commercial satellites.

4

Visit https://www.nasa.gov/tdm/solar-electric-propulsion/ to learn more about SEP.

EXPLANATION OF MAJOR CHANGES IN FY 2025

This budget reflects PPE required modifications to the SEP thruster harnesses for the three flight models,
Qualification Model-2 thruster, a rough order of magnitude estimate of future changes to the Aerojet
Rocketdyne harness qualification retest, and the associated project costs and schedule implications.

PROJECT PARAMETERS

The goal of SEP is to qualify a 12-kW solar electric propulsion thruster to use as the primary propulsion
for a spaceflight demonstration during an operational mission. Objectives include:
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e Qualify high-power SEP thruster technology for operational use through continuous long-term
operation of the system in a relevant environment, sufficient to characterize and predict the
performance and lifetime of the system; and

e Qualify a 12-kW electric propulsion thruster for extended operations in deep space.

ACHIEVEMENTS IN FY 2023

The Aerojet Rocketdyne team completed the first qualification thruster assembly in April 2023 and
delivered it to NASA’s GRC in May 2023. Flight thrusters work continued to progress toward assembly
completion and the project also held a successful KDP-D in May 2023.

WORK IN PROGRESS IN FY 2024
The second qualification thruster assembly will be complete in the third quarter of FY 2024.

KEY ACHIEVEMENTS PLANNED FOR FY 2025
The Qualification System Acceptance Review 1 (QSAR-1) is scheduled for December 2024.

Schedule Commitments/Key Milestones

Milestone Confirmation Baseline Date FY 2025 PB Request
Formulation Authorization I\R/[eggirze%i{(;l;oﬁ??h?[ifslsiitﬁr&(li{RM]) Mar 2015 (as part of ARRM)
KDP-A Mar 2015 (as part of ARRM) Mar 2015 (as part of ARRM)
PDR Aug 2017 Aug 2017

KDP-C Oct 2019 Oct 2019

Delta KDP-C - May 2021

CDR Mar 2022 Mar 2022

Re-baseline Mar 2022 Mar 2022

KDP-D Apr 2022 May 2023

QSAR-1 Jun 2024 Dec 2024

QSAR-2 Jun 2025 Aug 2026
e oo S5 o
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Development Cost and Schedule

Development

Electric

Propulsion

2022 203.2 70 2024 223.2 9.8 | Thruster Oct 2028 | Jan 2029 3
Life Qual
Test Report

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic
estimation techniques and processes. Estimate reflects the practices and policies at the time it was developed.
Estimates that include combined cost and schedule risks are denoted as joint confidence level (JCL), all other
confidence levels (CLs) reflect cost confidence without necessarily factoring the potential impacts of schedule
changes on cost.

Development Cost Details

TOTAL: 203.2 223.2 +20.0
Science/Technology 159.7 172.8 +13.1
Other Direct Project 435 50.4 16.9
Costs

Project Management & Commitments

Project Manages Aerojet Rocketdyne contract, thruster )
Management development life testing and qualification testing Lead Center: GRC
Thruster . . . .

Development Thruster development and life qualification testing support | Lead Center: JPL

Provider: Aerojet Rocketdyne

Thruster Design | Thruster design and qualification
Lead Center: N/A
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SOLAR ELECTRIC PROPULSION (SEP)

Acquisition Strateqy

All major acquisitions are in place.

MAJOR CONTRACTS/AWARDS

Advanced Electric Propulsion
System Contract

Aerojet Rocketdyne Redmond, WA

INDEPENDENT REVIEWS

Assess/approve environmental test results for
QSAR-1 SRB Dec 2024 Qualification Module-1 TBD
Assess/accept preliminary life test data for
QSAR-2 | SRB Aug 2026 | Gualification Module-2 TBD
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SPACE NUCLEAR PROPULSION

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Nuclear Thermal Propulsion 90.0 -- 92.5 53.0 37.0 28.0 25.0
Nuclear Electric Propulsion 1.3 -- 17.5 17.5 17.5 17.5 17.5
Total Budget 91.3 - 110.0 70.5 54.5 45.5 42.5

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

NASA is investing in Space Nuclear Propulsion
to explore propulsion systems that may prove
useful for human exploration missions beyond
the Moon. Space nuclear systems are a potential
alternative to traditional chemical propellants
that offer a combination of propellent mass
efficiency and high thrust. NASA has made
strides to advance solutions to long-existing
technology gaps necessary for the design of safe
and reliable propulsion systems. These solutions
included advancing high-temperature reactor
Shown above is an artist’s depiction of the DRACO NTP fuel, materials, and designs, as well as methods
flight demonstration concept. for managing cryogenic propellants. While more
technology improvements will be required for an
operational system, NASA is now poised to experimentally demonstrate the combined performance of
these technologies in subcomponents, subsystems, and an integrated nuclear thermal propulsion
capability.

NUCLEAR THERMAL PROPULSION (NTP)

NTP systems offer the benefits of high thrust, high specific impulse, and reduced propellant mass.
Nuclear thermal rockets can produce thrust levels comparable to chemical systems with a propellant mass
efficiency two or more times than that of conventional chemical propulsion. The high thrust capability of
NTP eliminates the need for a chemical stage to conduct gravity maneuvers. The combination of
propellent mass efficiency and high thrust for NTP offers unique benefits as a deep space propulsion
system in terms of increased payloads, fast deep-space transit, and improved mission flexibility. NTP also
offers a competitive ability to execute a Mars exploration mission with reduced Earth staging logistics,
round-trip fueling at Earth, and high-mass payload delivery. However, NTP systems are significantly
more expensive to develop and operate than chemical propulsion systems.

DEMONSTRATION ROCKET FOR AGILE CISLUNAR OPERATIONS (DRACO)

In January 2023, NASA and the Defense Advanced Research Projects Agency (DARPA) announced a
collaboration to demonstrate a nuclear thermal rocket engine (NTRE) in space. Under the agreement,
STMD will lead technical development of the nuclear thermal engine to be integrated with DARPA’s
experimental spacecraft. DARPA is acting as the contracting authority for the development of the entire
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stage and the engine, which includes the reactor. DARPA will lead the overall mission including rocket
systems integration and procurement, approvals, scheduling, and security, cover safety and liability, and
ensure overall assembly and integration of the engine with the spacecraft. Over the course of the
development, NASA and DARPA will collaborate on assembly of the engine before the in-space
demonstration as early as 2027.

While DRACO will demonstrate a prototype NTRE, extending those developments into a reliable
operational capability will require further technology development. These developments include active
cryogenic fluid management, a mass-optimized reactor design, fuel qualification testing, ground testing of
subsystem components, and ground testing of integrated engine systems.

NUCLEAR ELECTRIC PROPULSION (NEP)

NEP offers electric power provided by a fission reactor combined with a power conversion system and
high propellant mass efficiency provided by the electric thrusters. Combined, these can gradually increase
vehicle velocity and support the higher power needs of a Mars human exploration mission or a high-value
deep-space science mission to outer planets. An integrated NEP vehicle is complex and the success of a
design, particularly a large-scale Mars transportation system, relies on the successful development of
several critical subsystems. When compared to solar electric powered systems, nuclear electric systems
can offer greater power for lower mass and not suffer loss in power as mission distance from the sun
increases. A nuclear reactor can allow deep-space operation where solar energy is lower or solar power
production is impractical. Compared to traditional chemical systems, electric propulsion offers
efficiencies that are four-to-ten times higher, which can mean fewer supply launches to Mars from Earth
with the ability to complete a round trip without the added logistics and risk of refueling at Mars.
However, as with NTP, NEP systems are significantly more expensive to develop and operate than
chemical propulsion systems

ACHIEVEMENTS IN FY 2023

NASA and DARPA finalized their NTP partnership in January 2023. NASA realigned its investment
strategy to support the DRACO partnership and the mission successfully entered the formulation phase in
July 2023.

NASA extended the NTP industry-led contracts for Phase 1 reactor designs to demonstrate
manufacturability and operational feasibility.

NASA completed the internal review of the NEP Technology Maturation Plan for high power
development, executed initial NEP investments in power generator thruster development, and initiated
technology investments to advance high-power NEP electric thrusters and power management systems.

WORK IN PROGRESS IN FY 2024

The DRACO NTRE PDR is planned for February 2024. DRACO project will enter the implementation
phase by the end of FY 2024.

Nuclear technology maturation efforts include complete installation of a hydrogen test loop at the

Idaho National Laboratory Transient Reactor Test facility. Industry partners plan to reduce reactor design
risks through feasibility demonstrations by the end of the third quarter of FY 2024, and limited
investments in fuel fabrication development will continue as feasible.
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The NEP Technology Maturation Plan will be baselined and used to guide NASA's investment strategy.
The team is developing preliminary design requirements for a low-power NEP flight demonstration.

KEY ACHIEVEMENTS PLANNED FOR FY 2025
DRACO CDR is scheduled in early FY 2025.

Subscale integrated NEP concept design is targeted for completion in FY 2025. Final design and initial
fabrication of a high-power electric thruster that could be used in a NEP system is also scheduled to be
delivered in FY 2025.

DRACO Estimated Project Schedule

Milestone FY 2025 PB Request
Signed Interagency Agreement Jan 2023

Start Formulation Jul 2023

NTRE PDR Feb 2024

Start Implementation Sep 2024

NTRE CDR Oct 2024

Reactor to Engine Integration Completion Mar 2027

DRACO Formulation Estimated LCC Range and Schedule
Range Summary

LCC estimates are preliminary. A baseline cost commitment does not occur until the project receives
approval for implementation, which follows a non-advocate review and/or PDR.

. Estimated LCC Range . Key Milestone
Formulation KDP Date (M) Key Milestone Estimated Date Range
Jul 2023 293.2 - 360.0 Reactor to Engine Mar 2027 - Sep 2028

Integration Completion
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DRACO Project Management & Commitments

NASA manages the design, development, and test of the nuclear thermal propulsion engine. DARPA
manages: the design and development of the flight vehicle; all assembly, integration, and testing of the
integrated vehicle-engine system; launch of the demonstrator; in-space flight operations; and all nuclear
launch safety and approval processes. MSFC manages the DRACO project for NASA.

Element Description Provider Details

Provider: Lockheed Martin

Propulsion system for the rocket Lead Center: MSFC
demonstration Performing Center(s): MSFC; GRC

Cost Share Partner(s): DARPA

NTRE

DRACO Acquisition Strateqy

The NASA-DARPA Interagency Agreement defines roles and responsibilities in a jointly managed effort
for the NTRE demonstration. NASA utilizes an Interagency Assisted Acquisition to fund development of
the NTRE under the DARPA DRACO Other Transaction Agreement contract with industry. DARPA
owns the contract with the industry performer and will administer the overall DRACO contract for the
demonstration, including NASA’s programmatic and technical direction for the NTRE.

DRACO MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)

Nuclear Thermal Rocket Engine Lockheed Martin Denver, CO

DRACO INDEPENDENT REVIEWS

Review Performer Date of Review Purpose Outcome
Type

Performance | Independent Review Team (IRT) Feb 2024 PDR TBD
Performance | IRT Oct 2024 CDR TBD
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SMALL SPACECRAFT, FLIGHT OPPORTUNITIES & OTHER TECH
DEMO

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 178.6 -- 325.1 382.3 404.1 421.6 434.9

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

FLIGHT OPPORTUNITIES (FO) AND SMALL
SPACECRAFT TECHNOLOGY (SST)

The FO and SST portfolio supports disruptive technology
innovation and the execution of unique missions to
change the pace of space exploration, discovery, and the
expansion of space commerce. The portfolio’s speed,
flexibility, and access to a wide array of commercial
suborbital and orbital capabilities provides opportunities
to rapidly address technology gaps and emerging needs.

Leveraging Emerging Commercial Capabilities
Shown here is a depiction of the Starling mission to Accelerate Technology Development

which is advancing the readiness of technologies
for multi-spacecraft distributed missions.
Starling 1.0 launched in July 2023.

The FO and SST portfolio engages in collaborations with
U.S. commercial industry and academia to support
American global competitiveness and leadership in
space. The portfolio makes use of a
flights-of-opportunity- and missions-of-opportunity-based approach to rapidly move technology from
benchtop to flight test. This approach leverages commercial capabilities and best practices alongside rapid
acquisition approaches that improve the ability to work effectively with the entrepreneurial space
industry.

In addition to purchasing commercial space flight testing services, FO and SST also invest directly in
U.S. commercial space flight capabilities. The portfolio partners with commercial flight providers on the
development of new space test capabilities and aims to provide researchers access to emerging
commercial space test offerings. The portfolio also utilizes its flights-of-opportunity and
missions-of-opportunity acquisition approach to further this aim. For example, the Cislunar Autonomous
Positioning System Technology Operations and Navigation Experiment (CAPSTONE) mission is not
only a technology demonstrator and precursor for lunar exploration but is also intended to lay the
groundwork for future commercial support of missions beyond Earth.

Addressing Critical Technology Gaps for NASA and the Nation

By flight testing technologies with commercial flight providers, FO and SST mature capabilities needed
for space exploration, scientific discovery, and commercial applications, while strategically investing in
the growth of the U.S. commercial space flight industry. These tests take technologies from ground-based
laboratories into relevant flight environments to increase technology readiness and validate feasibility,
while reducing the costs and technical risks of future missions. Technology investment capability gaps
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identified by STMD's Strategic Technology Architecture Roundtable inform future NASA missions,
national needs, and U.S. commercial interests. Current investment areas include:

Testing space-based manufacturing technologies that address both future NASA needs and
opportunities for commercial industry. Capabilities for in-space manufacturing, as well as
technologies that further commercial in-space biological and physical research capabilities, not only
assist NASA with plans for the next wave of human exploration beyond Earth but also enable
companies to innovative products that can only be discovered or produced in microgravity.

Advancing commercial microsatellite and orbital maneuvering vehicle systems for continued
expansion of small, risk-tolerant missions further beyond Earth and for advanced near-Earth
applications. Such systems can support cislunar operations, science, planetary defense, and orbital
debris mitigation.

Enabling lunar utilization infrastructure via commercial flight-testing opportunities for lunar
communication, positioning, navigation, and timing capabilities as well as in-situ resource utilization
and advanced manufacturing.

ACHIEVEMENTS IN FY 2023

FO tested 31 payloads via 20 flights from six commercial providers and, in January 2023, nine
technologies were selected as part of the 2022 TechFlights solicitation.

The CAPSTONE technology demonstration mission entered lunar orbit on November 13, 2023,
becoming the first CubeSat to fly to and operate at the Moon. Over the course of CAPSTONE’s
primary mission, the spacecraft tested multiple navigation technologies that could provide
autonomous onboard navigation information for future missions, reducing the burden lunar activities
may place on already overtaxed ground systems. The spacecraft also gathered operational data in the
near-rectilinear halo orbit for the Artemis program.

On April 28, 2023, the TeraByte InfraRed Delivery (TBIRD) communications system achieved

200 gigabit per second (Gbps) throughput between a satellite in LEO and the ground. This is the
highest data rate ever achieved by space-based optical communications technology. The TBIRD
communications system was developed with NASA's Space Communication and Navigation program
and was demonstrated on Pathfinder Technology Demonstrator-3 (PTD-3). PTD-3 is part of a series
of missions that will test the operation of a variety of novel CubeSat technologies in orbit.

CubeSat Infrared CrossLink A (CLICK-A) successfully demonstrated the precision laser pointing
performance of the spacecraft’s fine steering mirror control system, an element of a compact optical
crosslink communications system. The fine steering mirror control system enables use of a lower
power laser and will support alignment of two-way optical communication between small spacecraft
in orbit.

In May 2023, three winners of NASA's first TechLeap Prize Autonomous Observation Challenge
No.1 completed a re-flight of their technologies less than one year after their initial flights. TechLeap
is designed to quickly identify and test technologies of interest to NASA and the nation and increases
access to flight tests for small and entrepreneurial organizations.
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The Starling mission’s four small spacecraft launched on July 17, 2023, on an FAA-licensed Rocket
Lab Electron rocket from Launch Complex 1 in Mahia, New Zealand. Upon successful deployment,
mission operators achieved operational two-way communications with each spacecraft and completed
payload commissioning.

WORK IN PROGRESS FOR FY 2024

FO's Suborbital/Hosted Orbital Flight and Payload Integration Services 4 solicitation seeks
commercial providers to test technology payloads in the space environment. This solicitation adds
new capabilities, including hosting payloads in orbit in cooperation with the SST Program and flying
NASA researchers on suborbital flights. Selection decisions and first use of the new contracts is
anticipated in early 2024.

The Starling primary mission continues in 2024. It will demonstrate autonomous maneuver planning,
ad hoc communications networking, relative navigation, and autonomous coordinated science
measurements, all with minimal intervention from operators on the ground. Starling 1.5, the extended
mission, will demonstrate technologies and processes for autonomous conjunction assessment and
collision avoidance between spacecraft in LEO.

TechFlights 2023 was released in May 2023, seeking proposals from industry, academia, and
non-profit research institutes for space technologies that can be advanced through flight tests. FO
partnered with the Commercially Enabled Rapid Space Science (CERISS) initiative from SMD, to
advance biological and physical sciences research capabilities with the commercial space industry. In
addition to offering suborbital flight tests with industry providers, the solicitation also included access
to commercial platforms hosting payloads in orbit in cooperation with the SST Program. Final
selection decisions and work on the new projects began in early 2024.

The three winners of the second TechLeap challenge, Nighttime Precision Landing Challenge No. 1,
are developing their unique innovations to detect hazards in the dark from an altitude of 250 meters
(820 feet) or higher. By processing their sensing system data in real time, these technologies are
designed to help spacecraft land safely in areas of great scientific interest on the Moon. Flight testing
is scheduled for early 2024 in Mojave, California aboard Astrobotic’s Xodiac lander testbed.

The University SmallSat Technology Partnerships (USTP) initiative selected eight U.S. university
teams to begin projects in early 2024 to advance technologies for navigation and timing, edge
computing and machine-learning architectures, as well as power and thermal control for small
spacecraft. The university teams received awards from the SST Program to mature new systems and
capabilities in these areas, with support from a partnering NASA Center. As in past years, some
USTP projects may be selected for a subsequent flight demonstration through the CubeSat Launch
Initiative or FO.

With the aim of providing persistent communications for wildland fire first responders, researchers at
flight provider Aerostar, the U.S. Forest Service, and NASA’s ARC are collaboratively developing
the Strategic Radio and Tactical Overwatch (STRATO) technology. A full proof-of-concept flight test
over an active wildland fire will take place no earlier than spring 2024. This is a key step in
demonstrating the potential for a stratospheric platform to give firefighters the communications
capabilities and real-time observation data they need.
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KEY ACHIEVEMENTS PLANNED FOR FY 2025

The FO and SST portfolio will continue its solicitation and flight cadence with industry and academia, as
well as its flights-of-opportunity- and missions-of-opportunity-based approach to rapidly move
technology from benchtop to flight test.

e Four industry-led mission concept studies executed in 2023 will transition during FY 2025 to an
orbital demonstration, targeting launch before the end of 2026.

e By 2025, 12 current SST demonstrations, including the Starling mission and space traffic
management experiment, both currently on orbit, will be completed.

OTHER TECH DEMO

Cryogenic Fluid Management (CFM)

CFM is an enabling technology that holds the potential to support a human presence on a planetary
surface as well as long-duration space flight by optimizing the preservation of chemical propellants.
Improved cryogenic fluid management helps enable in-space transportation systems, such as human
lander systems and lunar and, eventually, Mars surface operations, including in-situ resource utilization.
Missions that involve durations ranging from months to multiple years are far beyond the current
state-of-the-art capabilities for in-space cryogenic fluid management. The goal of CFM is to advance and
demonstrate technologies enabling storage, autonomous transfer, and gauging of cryogenic propellants,
capable of scaling to tens of metric tons, with negligible losses for long durations in space and on the
lunar surface.

As part of the 2020 Tipping Point solicitation process, NASA selected four companies in 2021 for
milestone-based firm-fixed price contracts to demonstrate cryogenic fluid technologies in the areas of
passive thermal control, tank pressure control, active cooling, and tank-to-tank propellant transfer. The
four Tipping Point teams are expected to launch between FY 2024 and FY 2025.

CFM also maintains NASA contracts to advance cryocoolers, a technology critical to long duration
storage of cryogens, as well as a variety of in-house work related to the storage, transfer, and mass
gauging of cryogenic fluids.

Fission Surface Power (FSP)

FSP is developing a small, lightweight fission power system that will enable long-duration lunar surface
operations that is extensible for use on Mars. The goal is to demonstrate an integrated fission power
system on the lunar surface to verify the engineering function, power performance, and operational
reliability of the capability. Following a successful demonstration, this power technology could form a
key capability for long-duration human surface missions on the Moon and eventually Mars. The
technology could enable mission operations in harsh environments, such as permanently shadowed craters
and the 14-day lunar night near the poles, and satisfy mission needs for continuous solar-independent
power operations. This work is being conducted in collaboration with the Department of Energy and
industry to optimize the use of common technology found in terrestrial fission power systems. NASA will
explore technology synergies for NEP and potential collaborations with the United States Space Force,
other government agencies, or international partners.
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Deep Space Optical Communications (DSOC)

DSOC technologies are considered essential for future human missions to Mars and have a wide range of
applications for planetary science missions including those to Mars and the Jovian systems, as well as
other deep space distance exploration missions. The DSOC project developed key technologies for
demonstration of a deep space optical flight transceiver and ground receiver that provide greater than

10 times the data rate of a state-of-the-art deep space radio frequency system (Ka-band). This capability
will enable advanced instruments, live high-definition video, and telepresence that allow for deep space
human exploration of the solar system. DSOC was delivered on schedule in June 2021 and integrated
onto Psyche in FY 2022. It launched on Psyche on October 13, 2023, completed check out and
commissioning, and successfully sent and received its first data in November 2023. It will continue these
demonstrations over the next two years during Psyche's cruise toward Mars.

Selected Announcement of Collaboration Opportunity (ACO) and Tipping Point

As part of the 2022 ACO and Tipping Point solicitation process, NASA selected one ACO and three
Tipping Points that align with work in the Technology Demonstration Missions (TDM) Program:

e Aerojet Rocketdyne Electrically Actuated Quick-Disconnect Coupling for Cislunar and Lunar
Surface Cryogenic Propellant Transfer ACO
NASA partners with Aerojet Rocketdyne in this activity to design, analyze, and test an electrically
actuated quick-disconnect cryogenic coupling and increase it from TRL 2 to 5. The effort will result
in a detailed design for a cryogenic coupler and two-tested prototype sets of couplers.

¢ Redwire Infrastructure Manufacturing with Lunar Regolith (Mason) Tipping Point
Mason is a grader, compactor, and microwave emitter scalable to a system capable of removing
rocks, compacting loose regolith, and sintering (melting) regolith into a solid surface. The team will
develop three subsystems in a relevant environment (simulated regolith) by FY 2026 to demonstrate
viability to design and build systems for lunar operations.

e United Launch Alliance Vulcan Engine Reuse Scale (VERS) Hypersonic Inflatable
Aerodynamic Decelerator Technology Demonstration Tipping Point
VERS will continue to evolve a proven Hypersonic Inflatable Aerodynamic Decelerator (HIAD)
technology design, developing a 10-meter HIAD, enabling even larger inflatable decelerators for
future exploration use. This team will build multiple development units using different commercial
vendors to expand the potential supplier base for HIAD manufacturing, perform structural and
inflation system testing on an engineering development unit, perform gas generator development that
will reduce mass/volume on an operational system, and perform risk reduction testing to support
model validation. This will culminate in a ground demo in FY 2026.

e Lockheed Martin Joining Demonstrations In-Space (JOINS) Tipping Point
JOINS will advance in-space joining and inspection technologies through a series of ground and
flight demonstrations, culminating in a flight module to be demonstrated on ISS in 2026. The
in-space demonstrations will be in an automated module with welding and inspection capabilities in
the Bishop Airlock on ISS. The joining and inspection demonstrations will be on multiple joint
configurations, materials, and processes. The welded and inspected on-orbit samples will return to
Earth for ground testing to assess the performance of the welding and inspection technologies.

ST-34



Space Technology: Technology Demonstration

SMALL SPACECRAFT, FLIGHT OPPORTUNITIES & OTHER TECH
DEMO

Lunar Infrastructure Flight Demonstrations (LIFD)

LIFD will enable lunar infrastructure integrated system-level demonstrations. It will demonstrate a
bi-directional power microgrid with multiple sources and loads. Initial investments in 2025-2027 will
target multiple industry contracts and internal developments with the goal of pursuing partnerships
towards a potential integrated power management and distribution flight demonstration in the 2030s.

ACHIEVEMENTS IN FY 2023

The CFM team delivered and installed the Radio Frequency Mass Gauge (RFMG) demonstration on
Commercial Lunar Payload Services (CLPS) Intuitive Machines-1 (IM-1) in February 2023.

The LEO Flight Test of an Inflatable Decelerator launched on November 10, 2022, as a rideshare
with the Joint Polar Satellite System-2 (JPSS-2) spacecraft on an Atlas V. The mission completed its
flight demonstration with a successful atmospheric reentry. The reentry vehicle and eject-able data
module ocean recovery was a success and the operations phase close-out occurred in September 2023.

The Mars Oxygen In-Situ Resource Utilization Experiment (MOXIE), selected as one of TIME's best
inventions of 2023, completed its 17th and final oxygen production run on Mars in September 2023.

Industry completed the FSP phase I designs for an integrated lunar fission power system in
September 2023.

WORK IN PROGRESS IN FY 2024

DSOC launched on Psyche on October 13, 2023, and is sending and receiving data with transmission
rates 10 to 100 times greater than current state-of-the-art radio frequency systems. The first test
transmission, known as "first light", occurred on November 14, 2023. The Post Launch Assessment
Review occurred in early 2024, closing out the commissioning phase and beginning the official
DSOC demonstration.

A new nationwide alliance focused on in-space servicing, assembly, and manufacturing (ISAM)
called the Consortium for Space Mobility and ISAM Capabilities (COSMIC) held a successful
kickoff in November 2023, with participation from government, academia, and industry. COSMIC's
objective is to make ISAM a routine part of space architectures and mission life cycles. Over 550
parties with vested interest in ISAM participated in the kick-off. An executive steering committee was
formed, and the next full meeting of the consortium will take place in May 2024 in Logan, Utah.

The CFM RFMG flew in February 2024 on IM-1.

The SpaceX CFM Tipping Point launch is planned for a no-earlier-than March 2024 and will
demonstrate tank-to-tank transfer operations for liquid oxygen.

The FSP mission concept review is planned for late FY 2024.
Selected ACO and Tipping Points:

o The VERS PDR is in February 2024;

o The Mason PDR is in May 2024; and

o The JOINS CDR is in June 2024.

ST-35



Space Technology: Technology Demonstration

SMALL SPACECRAFT, FLIGHT OPPORTUNITIES & OTHER TECH
DEMO

KEY ACHIEVEMENTS PLANNED FOR FY 2025

e The DSOC demonstrations continue in FY 2025 as Psyche continues its cruise, allowing DSOC to
send and receive data to and from the Earth at distances as far away as Mars.

o The Eta Space CFM Tipping Point launch is scheduled for November 2024 and will demonstrate
unsettled liquid oxygen transfer operations and two-stage cooling operations.

e The United Launch Alliance CFM Tipping Point launch readiness review is planned for July 2025
and will demonstrate tank-to-tank transfer for liquid hydrogen and main propellant tank and system
line chill-down operations.

o The FSP phase II contract award is targeted in the third quarter of FY 2025.

e Selected ACO and Tipping Points:

o

o

o

O

The Aerojet Rocketdyne ACO final test report will be complete in February 2025;
The Mason CDR is in March 2025;
VERS engineering development unit development testing is in August 2025; and

The JOINS ground demo will be in June 2025 with the suborbital demo in December 2025.

e LIFD mission concept review is in September 2025.

Acquisition Strateqy

These critical technology projects are defined as part of the strategic framework and capabilities, and
through STMD's Strategic Technology Architecture Roundtable process. In addition, Space Technology
embraces competition and external partnerships. As such, some of the technologies are selected through
annual Tipping Point, ACO, and other NASA solicitations. For more information, go to
https://techport.nasa.gov/opportunities/stmd.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Total Budget 231.7 - 241.8 246.6 251.6 256.7 261.9

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

1

\ ﬁ E (SBIR) and Small Business Technology

, i . | ~ | Transfer (STTR) programs leverage the nation’s

N -F 4 innovative small business community to fund

research and development in support of NASA's
mission in space technology, human
exploration, science, and aeronautics. These
programs will also support NASA's Artemis
program objectives by identifying and
accelerating relevant technologies throughout
all phases (i.e., Phase I, II, and Post Phase II).
Post Phase II awards may involve matching
funding from investors and encourages the
™ ol 3 M 8 | advancement of innovations and
Shown above, Dr. Patel (left) and four Oakwood University | commercialization of technologies developed
students record data related to their NASA STTR research | through Phase I and Phase II. These programs
to develop ultraviolet protective coating for photovoltaic provide the small business sector with an
solar cells in space. Photo credit: Oakwood University opportunity to develop and commercialize
technology for NASA to spur economic growth.
The SBIR/STTR programs are also intended to foster and encourage participation in innovation and
entrepreneurship by women and socially or economically disadvantaged persons.

vf NASA'’s Small Business Innovation Research

The SBIR and STTR program elements are as follows:

SBIR

The SBIR program was established by statute in 1982 and was most recently reauthorized in 2022 to
increase research and development opportunities for small businesses. The program stimulates U.S.
technological innovation, employs small businesses to meet federal research and development needs,
increases the ability for small businesses to commercialize innovations they derive from federal research
and development, and encourages and facilitates participation by socially disadvantaged small businesses.
The SBIR program budget is based on a level of at least 3.2 percent of NASA’s extramural research and
development budget. The maximum value for an SBIR Phase I contract is $150,000 for a period of
performance of six months and the maximum value of an SBIR Phase II is $850,000 over a 24-month
period of performance. NASA also supports several Post Phase II vehicles:

e Phase II-E is a contract opportunity on Phase Il awards that provides incentives for cost sharing with
non-SBIR investors to extend the research and development efforts of the current Phase II contract.
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e (Civilian Commercialization Readiness Pilot Program (CCRPP) contracts with non-SBIR investors
with incentives for cost sharing to extend the research and development efforts of previous Phase 11
contracts with strong customer pull for technology maturation and commercialization.

e Phase Il sequential contracts help accelerate the TRL of technologies to a point that other investors
can infuse the technology into other NASA programs.

STTR

The STTR program was established by statute in 1992 and reauthorized in 2022 to award contracts to
small businesses for cooperative research and development with a non-profit research institution, such as
a university. NASA’s STTR program facilitates the transfer of technology developed by a research
institution through the entrepreneurship of a small business, resulting in technology to meet NASA’s core
competency needs in support of its mission programs. Modeled after the SBIR program, STTR is funded
based on 0.45 percent of the NASA extramural research and development budget. The maximum value
for an STTR Phase I contract is $150,000 for a period of performance of 13 months and the maximum
total value of an STTR Phase 11 is $850,000 over a 24-month period of performance. Phase II-E, CCRPP,
Phase II sequential contracts can be available to STTR participants.

EXPLANATION OF MAJOR CHANGES IN FY 2025

The SBIR and STTR programs will explore ways to reduce barriers to entry and streamline the experience
throughout the program phases, including strategies to encourage transition to NASA, government, and/or
commercial use beyond SBIR/STTR awards.

ACHIEVEMENTS IN FY 2023

1,334 Proposals/245 Awards
CBIR 24% undenrepresented SBOS
é TIHFirstTime Awardees
Phasze | TEE with <50 omployees
265 Proposals/112 Awards © o0
5BIR i é 3% underep msoeniod SR80
Phase Il ST with < 50 empboyoes

128 Proposals/S0 Awards @ TR GERTEE
STTR e 28% partnered with HBCUME!
Phasel [ é 2E% First Time Awardees
BO% with < 50 cmployoes
48 Proposalk,20 Awards T =
STTR T 0% underrepresemicd SBLs
Phaze Il é 1% partnered with HBOU/MS
B with < 50 omployses

e Overall, the SBIR and STTR programs awarded nearly 450 new projects to small business across
the nation. Some new activities include a retro-braking propulsion system focused initially on
deorbit of spacecraft in LEO to mitigate the potential risk from orbital debris, a novel approach to
automate the DNA monitoring of microbes to help quickly identify those which might pose a
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threat to astronauts, and a lightweight, compact, and high-performance lidar, making it faster and
more efficient for many applications spanning science missions, space exploration systems, and
aeronautics.

Four STTR awards were made to selections that had previously received NASA M-STTR
planning grants which are now part of the Minority University Research and Education Project
Partnership Annual Notification created to incentivize partnerships between minority serving
institutions and small businesses.

NASA selected its first Tribal College and University, Navajo Technical University, as part of an
STTR Phase II award for work on a Digital Twin Data Acquisition System for Institutional
Facility Management.

NASA also selected 12 firms for Phase Il awards under the pilot solicitation SBIR Ignite, which
focuses on commercially viable technology ideas with an emphasis on entrepreneurial
engagement to encourage commercialization and economic impact.

WORK IN PROGRESS IN FY 2024

The Intern Diversity Supplement is a pilot to develop an opportunity to support diversity in
STEM through a combined research/ business internship experience as an eligible expense
covered in SBIR/STTR awards.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

SBIR and STTR will continue efforts to encourage participation of underrepresented groups
across the nation to expand inclusive innovation.

SBIR and STTR intend to select over 600 new awards, grants, and contracts to small businesses,
as well as continue to incubate and mature NASA commercial partnerships through post Phase 11
activities through sequential Phase II awards.

The program will pilot ways to reduce barriers to entry and streamline the experience throughout
the program phases, including strategies to encourage transition to NASA, government, and/or
commercial use beyond SBIR/STTR awards.
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Program Management & Commitments

Program Element Provider

Provider: Various Small Businesses and their research partners
Lead Center: NASA HQ; Level 2: ARC
Performing Center(s): All centers play a project management and implementation role.

Cost Share Partner(s): SBIR/STTR Phase II-E matches cost share funding with SBIR and
STTR up to $375,000 of non-SBIR and non-STTR investment(s) from a NASA project,
SBIR and STTR NASA contractor, other government agency, or third-party commercial investor to
extend an existing Phase II project to perform additional research. SBIR/STTR CCRPP
matches cost share funding up to $2,500,000 of non-SBIR and non-STTR investment(s)
from a NASA project, NASA contractor, other government agency, or third-party
commercial investor to continue a former Phase II project to perform additional research
for strong customer pull for the technology maturation, commercialization, and
ultimately utilization versus incremental development.

Acquisition Strateqy

NASA issues annual SBIR and STTR program solicitations, setting forth a substantial number of topic
areas open to qualified small businesses. There are three phases for SBIR and STTR funding awards.
Phase I awards give small businesses the opportunity to establish the scientific, technical, and commercial
merit of the proposed innovation in alignment with NASA interests. The most promising Phase I projects
are selected for Phase Il awards through a competitive selection process based on scientific and technical
merit, expected value to NASA, and commercialization potential. Phase II awards focus on the
development, demonstration, and delivery of the proposed innovation. SBIR Ignite is a new experiment in
Phase I and II awards seeking to fund ideas that are relevant in the commercial market with a proposal
process more closely aligned with what firms would see through a venture financing process. Phase 11
Sequentials, Phase II-E, and CCRPP support advancement of innovations developed under Phase II.
Phase III supports the commercialization of innovative technologies, products, and services that result
from a Phase I or Phase Il contract. Commercialization includes further development of technologies and
getting feedback to discover infusion opportunities into NASA programs, other government agencies, or
the private sector. Phase III contracts receive funding from sources other than the SBIR and STTR
programs and may be awarded without further competition.

SBIR and STTR program management work collaboratively with NASA center Chief Technologists (for
STTR) and the mission directorates (for SBIR) during the acquisition process. This collaboration, from
topic development through proposal review and ranking, supports the final selection of proposals of high
value to NASA. Mission directorates and center program personnel interact with SBIR and STTR award
winners to maximize alignment and implementation of the SBIR and STTR products with NASA’s future
missions and systems.
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Award Distribution

The map below represents the FY 2023 SBIR and STTR investments through Phase I, Phase II, Phase II-
E, Sequential, and CCRPP awards.
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Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Earth Science 2,175.0 23787 23963 2,446.1 24897 25434
Planetary Science 3,216.5 - 2,7315 28505 2911.6 2976.8 3,042.5
Astrophysics 1,510.0 — 1,5781 155870 1,613.6 1,647.1 1,673.4
Heliophysics 805.0 -- 786.7 791.9 807.0 820.3 8334
Biological and Physical Sciences 85.0 -- 90.8 91.3 93.0 94.8 96.6
Total Budget 7,791.5 17,7950 7,565.7 7,717.0 7,871.3 8,028.7 8,189.3

FY 2023 reflects the funding amount specified in Public Law 117-328, Consolidated Appropriations Act, 2023, as
revised in NASA's FY 2023 final Operating Plan, September 2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared; therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.
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Earth Science

EARTH SCIENCE RESEARCH ..o ES-2
EARTH SYSTEMATIC MISSIONS ... ES-10
NASA-ISRO Synthetic Aperture Radar (NISAR) [Development] ..........ccccovvveeveeieeecinnnnen. ES-12
Sentinel-6 [DeVEIOPMENT] .......cci i ES-17
Plankton, Aerosols, Clouds, ocean Ecosystem (PACE) [Development] ...........cccoooiieeee. ES-23
GRACE-Continuity [FOrmulation]..........ooo e ES-28
Other Missions and Data ANalYSiS .........coouiiiiiiiiiii e ES-32
EARTH SYSTEM EXPLORERS ... ES-50
RESPONSIVE SCIENCE INITIATIVES......ce e ES-53
EARTH SYSTEM SCIENCE PATHFINDER ... ES-61
Venture Class MISSIONS ......couuiiiiiiiie et ES-62
Other Missions and Data ANalYSIS ........ccoiuiiiiiiiiiii e ES-77
EARTH SCIENCE DATA SYSTEMS ... ES-81
EARTH SCIENCE TECHNOLOGY .....uuiiises e ES-90
APPLIED SCIENCES ... e a e e e e e e e e e e e e e aaaeaaas ES-96
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Planetary Science

PLANETARY SCIENCE RESEARCH ..o PS-3
Other Missions and Data ANAIYSIS ........ccooocuiiiiiiii e PS-8
PLANETARY DEFENSE ... PS-14
Near Earth Objects Surveyor [Development] .........cccuvviiiiiiiiiiiiieeee e PS-16
Other Missions and Data ANAIYSIS .........coccuuiiiiiiie i PS-22
LUNAR DISCOVERY AND EXPLORATION ..o PS-25
Volatiles Investigation Polar Exploration Rover [Development] ........cccccooiiiiiiiiiiiiiiicceenn. PS-31
Other Missions and Data ANalYSIS ........ccoouiiiiiiiiiie e PS-37
DISCOVERY .ttt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeaes PS-45
Deep Atmospheric Venus Investigation of Noble gases, Chemistry & Imaging [Formulation]
........................................................................................................................................... PS-48
Venus Emissivity, Radio Science, INSAR, Topography, and Spectroscopy [Formulation]PS-54
Other Missions and Data ANaIYSIS .........cocccuiiiiiie e PS-60
NEW FRONTIERS. ... ..ottt PS-66
Dragonfly [FOrmuUIAtioN] ........coocuiiiiiiee et e e e e e e as PS-69
Other Missions and Data ANAIYSIS .........cocccuiiiiiii e PS-74
MARS EXPLORATION ... .o PS-78
Other Missions and Data ANAIYSIS .........coccuiiiiiiie e PS-80
MARS SAMPLE RETURN ..o PS-89
OUTER PLANETS AND OCEAN WORLDS.......cooiiiiiiiieiiieeeeeeeeeeeeeeeeeeeee PS-91
Europa Clipper [DeVEIOPMENT] .....viiiiiiiiiiiiiieiie et e e e e e e e sanrraee s PS-92
Other Missions and Data ANalYSIS ........ccoiuiiiiiiiiii e PS-100
RADIOISOTOPE POWER .....ceeee e a e e PS-102
Astrophysics
ASTROPHYSICS RESEARCH ......ee e ASTRO-2
Other Missions and Data ANalYSIS ......c..ccoiiiiiiiiiieie e ASTRO-9
COSMIC ORIGINS ...ttt nnnsnnnnnnnnnes ASTRO-12
Hubble Space Telescope Operations [Operations]..........cccoeccuvvieieeeeiiiiiiiiieeee e ASTRO-13
James Webb Space Telescope [Operations]............euvveieriiiieieieieieiieereeereeereeeeeeeeeeenes ASTRO-16
Other Missions and Data ANalysSis ..........oocuuiiiiiiiiiiiie e ASTRO-19
PHYSICS OF THE COSMOS ... ASTRO-22
Other Missions and Data ANalysis ..........oocuiiiiiiiiiiii e ASTRO-23
EXOPLANET EXPLORATION ....cuuiiie e a e e e ASTRO-29
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Nancy Grace Roman Space Telescope [Development]..........cccccveiiiiiiiiieeeneneee ASTRO-31
Other Missions and Data ANalysSis ..........oocuiiiiiiiiiii e ASTRO-40
ASTROPHYSICS EXPLORER .....eeiiii e ASTRO-44
Spectro-Photometer for the History of the Universe, Epoch of Reionization, and Ices Explorer
=YY (o] o] 41T o 1 S ASTRO-47
Compton Spectrometer and Imager [Formulation] ..........cccccoiiiiiiiiiiiee ASTRO-53
Other Missions and Data ANalYSiS .........cooociiiiiiiei e ASTRO-57
Heliophysics
HELIOPHYSICS RESEARCH ......uuiiceeeeeeee e HELIO-2
Other Missions and Data ANalysis ..........occuiiiiiiiiiiii e HELIO-9
LIVINGWITH A STAR .. HELIO-15
Other Missions and Data ANaIYSIS .........ccoiiiiiiiiiieee e HELIO-16
SOLAR TERRESTRIAL PROBES ..o HELIO-20
Interstellar Mapping and Acceleration Probe (IMAP) [Development]..............cccuuv.e.. HELIO-23
Other Missions and Data ANAIYSIS ......c..coiiiiiiiiiiiei e HELIO-30
HELIOPHYSICS EXPLORER PROGRAM........uueeee e HELIO-34
HelioSwarm [FOormulation] ............eeeiiiiiiiiiee e a e e HELIO-38
Multi-slit Solar Explorer [Formulation] ...........cooeeiiiiiiiiiiiiie e HELIO-43
Other Missions and Data Analysis ...........ccccoiiiiiiiiiie e HELIO-47
SPACE WEATHER. ...ttt snnnnnnnnnnnnns HELIO-56
HELIOPHYSICS TECHNOLOGY .....uuiiiiieeeeeeeeee e n e e HELIO-63
Biological and Physical Sciences
BIOLOGICAL AND PHYSICAL SCIENCES ... BPS-2

SCMD-3



SCIENCE

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Earth Science 2,175.0 23787 23963 24461 24897 25434
Planetary Science 3,216.5 - 2,7315 28505 2911.6 2976.8 3,042.5
Astrophysics 1,510.0 — 1,5781 155870 1,613.6 1,647.1 1,673.4
Heliophysics 805.0 -- 786.7 791.9 807.0 820.3 8334
Biological and Physical Sciences 85.0 -- 90.8 91.3 93.0 94.8 96.6
Total Budget 7,791.5 17,7950 17,565.7 7,717.0 7,871.3 8,028.7 8,189.3

FY 2023 reflects the funding amount specified in Public Law 117-328, Consolidated Appropriations Act, 2023, as
revised in NASA's FY 2023 final Operating Plan, September 2023.

A full-year 2024 appropriation for this account was not enacted at the time the budget was prepared; therefore, the
budget assumes this account is operating under the Consolidated Appropriations Act, 2023 (Division B of P.L. 117-
328, as amended). The amounts included for 2024 reflect the annualized level provided by the continuing resolution.

NASA’s SMD conducts scientific exploration enabled
by space-based observatories, which observe the Earth,
perform fundamental research, visit other bodies in the
solar system, and gaze out into the galaxy and beyond.
NASA's scientific exploration will inform human
exploration of the Moon, Mars, and the solar system,
providing valuable scientific data for such human
missions. NASA also strives to drive discovery by
studying biological and physical phenomena in space.
SMD utilizes technological advances and partnership
opportunities, including public-private partnerships that
leverage commercial investments, to further NASA's
science objectives.

NASA'’s science programs also help protect and
improve life on Earth through research that enables
innovative and practical applications for
decision-makers, including disaster response, natural

resource management, and planetary defense. This massive Wolf-Rayet star, WR 124, is 15,000

light-years away in the constellation Sagittarius.
SMD uses the recommendations of the National It is 30 times the mass of the Sun and has shed 10
Academies’ decadal surveys as important inputs in Suns worth of material so far. As the ejected gas
planning and pI'iOI'itiZil’lg the future of its science moves away from the star and cools, cosmic dust
programs. SMD uses these recommendations to forms and glows in the infrared light, detectable
prioritize future flight missions (including space by the James Webb Space Telescope.

observatories and probes), as well as technology
development and proposals for theoretical and
suborbital supporting research.

The current decadal surveys informing mission priorities include the Decadal Survey for Earth Science
and Applications from Space 2018 to 2027; the Origins, Worlds, and Life: A Decadal Strategy for
Planetary Science and Astrobiology 2023-2032; the Pathways to Discovery in Astronomy and
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Astrophysics for the 2020s; and the Decadal Survey on Biological and Physical Sciences Research in
Space 2023-2032. The Heliophysics Division is expecting an updated decadal in 2024.

In determining the content of the Science portfolio, NASA also considers national priorities and policies,
budgets, existing technological capabilities, partnership opportunities, and other programmatic factors.

EXPLANATION OF MAJOR CHANGES IN FY 2025

The budget provides $7.6 billion for Science, a $229.3 million decrease from the FY 2023 enacted level.
Within Earth Science, NASA is restructuring missions within the Earth System Observatory. The
Atmosphere Observing System (AOS) missions will be restructured to retain the partnership with JAXA
on their Precipitation Measurement Mission, formerly part of AOS-Storm. NASA is assessing options for
implementing the remainder of the Aerosol and Cloud, Convection, and Precipitation designated
observables. Similarly, the Surface Biology and Geology (SBG) mission will be split into two projects,
Surface Biology and Geology (SBG)-Thermal Infrared (TIR) and SBG-hyperspectral visible to shortwave
infrared (VSWIR), to maximize execution flexibility and reduce near-term budget requirements. The
budget provides $150 million for Landsat Next. NASA will not be able to reliably estimate the launch
readiness date until there is a final FY 2024 appropriation but expects the launch date to be delayed
compared to the prior estimate of CY 2030. NASA has established a new Responsive Science Initiatives
program in Earth Science. This program consolidates and enhances current activities within Earth Science
to increase the impact of NASA’s observations, Earth system science, and applied science by aligning,
scaling and connecting with user needs.

Within Planetary Science, the budget proposes an updated profile for the Near-Earth Object (NEO)
Surveyor mission to support a June 2028 launch readiness date. NASA has also increased the Dragonfly
budget request, consistent with the updated mission cost estimate expected to be reviewed at the
upcoming mission confirmation, and consistent with a launch readiness date of July 2028. Given the need
to increase the Dragonfly budget, NASA has delayed the New Frontiers 5 Announcement of Opportunity
(AO) from November 2023 to no earlier than 2026. This budget request also extends the New Horizons
mission until the spacecraft exits the Kuiper Belt in the 2028 to 2029 timeframe. NASA has also
significantly expanded support for the ESA Rosalind Franklin ExoMars Rover mission in the wake of
Russia's exit from the mission. The request includes $200M for Mars Sample Return that will allow the
project to advance formulation of mission components and capabilities that have a high likelihood of
being used in any future sample return architecture, and to evaluate and appropriately incorporate relevant
findings from funded industry and center architecture studies.

Within Astrophysics, the budget supports increased investment in the Habitable Worlds Observatory
Technology Maturation project, in direct alignment with the Great Observatories Mission and Technology
Maturation Program (GOMAP) recommendation in the Astro2020 Decadal Survey. NASA has reduced
the Explorer Future missions budget which will preclude the selection of Missions of Opportunity for the
2021 and 2025 AOs. NASA proposes to reduce the budgets of the Hubble and Chandra observatories in
order to balance investments in future Astrophysics missions and missions in operations.

Within Heliophysics, the budget proposes the cancellation of Geospace Dynamics Constellation mission
to fund higher priorities and increases funding for the Space Weather program. Within Biological and
Physical Sciences, NASA has prioritized funding for the Commercially Enabled Rapid Space Science
Initiative (CERISS) project, which, while reduced in scope compared to the FY 2024 Request, will
expand suborbital or orbital demonstrations compared to what was funded in FY 2023.
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KEY ACHIEVEMENTS PLANNED FOR FY 2025

In FY 2025, NASA plans to launch Europa Clipper; Volatiles Investigating Polar Exploration Rover
(VIPER); The Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices
Explorer; The Interstellar Mapping and Acceleration Probe; Polarimeter to Unify the Corona and
Heliosphere; The Sun Radio Interferometer Space Experiment; and Total and Spectral Solar Irradiance
Sensor-2. In FY 2025, the Lunar Discovery & Exploration Program anticipates the launch and delivery of
multiple new lunar science payloads to the surface of the Moon through the Commercial Lunar Payload
Services project. The agency will make final selections for the next Heliophysics Small Explorers
mission, the first Earth System Explorers missions, and the first Astrophysics Probe mission.

NASA will continue formulation of the Surface Biology & Geology and Gravity Recovery and Climate
Experiment-Continuity (GRACE-C) missions and will reformulate the Atmosphere Observing System
missions. The Responsive Science Initiatives program will release its first research solicitation. Biological
and Physical Sciences will analyze tissue chip samples returned from the Artemis Il mission and share
insights across NASA and with other government agencies.

NASA will continue development of the Dragonfly and the NEO Surveyor missions. The Lucy mission
will continue its journey to explore the Jupiter Trojan asteroids and will encounter the main asteroid belt
and observe asteroid Donaldjohansen in April 2025. The Roman Space Telescope will continue
development activities and is expected to begin integration and testing as it progresses toward launch in
2027. The Heliophysics division will evaluate the recommendations from the Heliophysics Decadal
Survey, expected in 2024.

Themes

NASA’s Science budget, managed by SMD, includes five major science areas.

EARTH SCIENCE

NASA’s unique capabilities as a space and science agency ultimately enable decision makers to address
the most pressing challenges posed by our rapidly changing planet such as changing agricultural
conditions, and severe weather challenges, including droughts, tropical storms, and wildfires. NASA
develops innovations in instrument, flight, data, and mission technology to improve capability, resolution,
and frequency of our remote sensing and in-situ Earth observations. NASA missions use the vantage
point of space to observe our planet and continuously improve our scientific understanding of Earth’s
interconnected systems, from Earth’s core to its atmosphere. Missions include continuity measurements
made for decades, and advances in observations to advance understanding of the Earth system. NASA
selects and funds innovative research enabling the nation’s scientific community to build an
ever-improving understanding of global-scale changes, connecting causes to effects.

This budget supports translating Earth science into actionable data and information via investments in
Applied Sciences, which will support applications and user engagement related to disaster response,
wildfires, environmental justice, energy, and agriculture. NASA will work jointly with the Environmental
Protection Agency and other agencies to integrate greenhouse gas data from a variety of sources with a
goal of making data more accessible to federal, state, and local governments, as well as other users.
Visualization of the information and partnerships in a comprehensive Earth system framework will be
enabled by open science and cutting-edge data science techniques. NASA will continue development of
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the Earth Information Center, a physical and virtual space that provides easily accessible, readily usable,
and scalable Earth information — enabling global understanding of the Earth system.

The budget supports continued formulation of the Earth System Observatory missions and Landsat Next,
continues the Earth System Explorers program, and supports sustained climate observations. The budget
also supports the ongoing development of multiple missions in development within the Earth Venture
element. The Applied Sciences program will continue to leverage Earth Science satellite measurements
and new scientific knowledge to enable innovative and practical uses by public and private sector
organizations, including expanded applications development work in support of agriculture.

PLANETARY SCIENCE

To answer questions about the solar system and the origins of life, NASA sends robotic space probes to
the Moon, other planets and their moons, asteroids and comets, and the icy bodies beyond Neptune.
NASA is operating spacecraft at Mars, Jupiter, and the Moon. NASA is preparing to deliver new
instruments to the lunar surface; will launch the Europa Clipper mission to explore Jupiter's moon,
Europa; will develop the Dragonfly mission to explore Saturn's moon, Titan; and will send two missions
to explore Venus. The budget funds the Lunar Discovery and Exploration Program that supports Artemis
science, commercial collaborations, and innovative approaches to achieving human and science
exploration goals. The budget supports future competitive mission selections within Discovery and New
Frontiers and a robust research program to support the scientists who use NASA mission data to make
discoveries about our solar system.

The budget supports the Open Source Science initiative, an SMD-wide activity that advances open
science, supports data science innovation, and increases the accessibility of scientific data through the
development of efficient data and computing system capabilities for all SMD divisions.

ASTROPHYSICS

NASA stands on the threshold of new endeavors that will transform not only our understanding of the
universe and the processes and physical paradigms that govern it, but also humanity’s place in it. Progress
in understanding pathways to habitable worlds, opening new windows on the dynamic universe, and
unveiling the drivers of galaxy growth require the essential vantage point of space. Building on the
revolutionary advances in our observations of exoplanets, NASA now seeks to identify and characterize
Earth-like exoplanets orbiting Sun-like stars, with the ultimate goal of obtaining imaging and
spectroscopy of potentially habitable worlds.

NASA aims to exploit the new observational tools of gravitational waves and particles, along with
temporal monitoring of the sky across the electromagnetic spectrum and wide-area surveys to probe the
most energetic processes in the universe and address the nature of dark matter, dark energy, and
cosmological inflation. By linking observations and modeling of the stars, galaxies, and the gas and
energetic processes that couple their formation, evolution, and destinies, NASA can revolutionize our
understanding of the origins and evolution of galaxies, from the nature of the tenuous cosmic webs of gas
that feed them, to the nature of how this gas condenses and drives the formation of stars.

The budget supports operation of the James Webb Space Telescope and the Hubble Space Telescope, as
well as the development of the Nancy Grace Roman Space Telescope. Within the Explorers program, the
budget includes funding for SPHEREX and initial selections of the first Astrophysics Probe mission. This
budget expands precursor science and technology efforts in planning and preparing for the GOMAP
recommendation contained in the Astro2020 Decadal Survey.
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HELIOPHYSICS

The Sun, a typical small star midway through its life, governs our solar system. The Sun wields its
influence through its gravity, radiation, solar wind, and magnetic fields, all of which interact with the
Earth and its space environment. These processes are crucial for our understanding of the universe, and
they relate directly to our ability to live in space as they produce space weather, which can affect
technological infrastructure and human activities in space. Using a fleet of sensors on various spacecraft
in Earth orbit and throughout the heliosphere, NASA seeks to understand the fundamental processes of
how and why the Sun varies in many ways, how Earth and our solar system respond to the Sun, how the
Sun and the solar system interact with the interstellar medium, and how human activities are affected by
these processes. The science of heliophysics, including space weather, enables the predictions necessary
to safeguard life and society on Earth and the outward journeys of human and robotic explorers.

The budget supports the development of the Interstellar Mapping and Acceleration Probe, the Carruthers
Geocorona Observatory, and a competitive Explorers Program, including the recently selected Multi-slit
Solar Explorer and HelioSwarm missions. The budget increases funding for the Space Weather program,
which is focused on applied research and applications to enable the nation to better protect our technology
and astronauts from space weather. The budget includes funding for the Diversify, Realize, Integrate,
Venture, Educate initiative and funds orbital debris investments to enable characterization of the
populations of small debris and dust in space to protect space-based critical infrastructure and humans
working in space.

BIOLOGICAL AND PHYSICAL SCIENCES

NASA is a leader in performing fundamental biological and physical sciences research that contributes to
transformational discoveries, improves life on Earth and in space, and enables sustained deep-space
human exploration. NASA achieves this by pioneering research to understand how spaceflight affects
living and physical systems in space and to prepare for future human exploration missions far from Earth.
The experiments NASA conducts on the ISS and other platforms examine how astronauts, plants,
animals, and physical systems respond to the extreme conditions of space, including microgravity,
ionizing radiation, and altered atmosphere.

NASA examines processes of metabolism, reproduction, and development and studies how organisms
repair cellular damage and protect themselves from infection and disease in the conditions of deep space.
In addition to providing useful information on how living organisms respond and adapt to spaceflight, the
discoveries NASA makes in space have significant implications for life on Earth.

NASA also conducts research to understand the fundamental laws of the universe, including quantum
science, and determine how physical systems react in spaceflight environments. This research provides
basic scientific knowledge and results leading to societal benefit, including contributions to the
fundamental understanding of underlying space exploration technologies, such as power generation,
storage, and fuel transfer; space propulsion; life support systems; and environmental monitoring and
control. NASA research also contributes to scientific discoveries in novel areas, such as the fifth state of
matter, known as Bose-Einstein Condensates, material sciences, and soft matter. This physical sciences
research has led to improved space systems and new products on Earth.
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EARTH SCIENCE

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY2027 FY2028 FY 2029
Earth Science Research 502.0 -- 606.2 608.4 627.6 628.8 637.2
[Earth Systematic Missions 915.0 -- 854.4 868.7 888.2 869.9 757.8
Earth System Explorers 2.5 -- 19.6 59.0 99.5 130.6 194.7
Responsive Science Initiatives 55.0 -- 167.7 173.9 176.4 177.9 179.5
Earth System Science Pathfinder 232.1 -- 251.7 246.0 202.1 225.0 308.9
[Earth Science Data Systems 291.1 -- 263.2 257.6 268.3 269.8 276.3
[Earth Science Technology 102.2 -- 147.2 109.4 110.6 111.8 113.0
IApplied Sciences 75.2 -- 68.6 733 73.5 75.8 75.9
Total Budget 2,175.0 - 23787 2,396.3 2,446.1 2,489.7 12,5434

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of

this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Earth Science

EARTH SCIENCE RESEARCH ......uue e a e ES-2
EARTH SYSTEMATIC MISSIONS ... ES-10
NASA-ISRO Synthetic Aperture Radar (NISAR) [Development] ...........cccoooiieiiiiineeen. ES-12
Sentinel-6 [DevelopmMENT] ... ... e ES-17
Plankton, Aerosols, Clouds, ocean Ecosystem (PACE) [Development]............cccccuuvneeee. ES-23
GRACE-Continuity [FOrmulation]...........cooociiiiiiieee e ES-28
Other Missions and Data ANalYSIS .........cccccuuiiiiiei e ES-32
EARTH SYSTEM EXPLORERS ... ES-50
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EARTH SYSTEM SCIENCE PATHFINDER ... ES-61
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EARTH SCIENCE RESEARCH

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY2027 FY2028 FY 2029
[Earth Science Research and Analysis 338.0 -- 364.9 3713 385.4 380.9 385.7
Computing and Management 164.0 -- 241.2 237.1 242.2 248.0 251.4
Total Budget 502.0 -- 606.2 608.4 627.6 628.8 637.2

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Earth Science Research program addresses
complex, interdisciplinary Earth science problems
in pursuit of a comprehensive understanding of the
Earth system. This strategy involves six
interdisciplinary and interrelated science focus
areas, including:

e Water and Energy Cycle: quantifying the key
reservoirs and fluxes in the global water cycle,
assessing water cycle change, and assessing

water quality.

Weather and Atmospheric Dynamics: enabling
improved predictive capability for weather and
extreme weather events.

Earth Surface and Interior: characterizing the
dynamics of the Earth’s surface and interior
and forming the scientific basis for the
assessment and mitigation of natural hazards
and response to rare and extreme events.

Climate Variability and Change: understanding

Global intensity of
wet and dry extremes

Wet extremes

Dry extremes

' ' ' ' ' ' ' '
2004 2006 2008 2010 2012 2014 2016 2018 2020

The graph above shows the global total intensity of
extreme dry events and wet events from 2002 to 2021
based on data from NASA’s Gravity Recovery and
Climate Experiment (GRACE) and GRACE-FO
missions. Total intensity is strongly correlated with
global mean temperature. (Image: The New York
Times 03/14/2023)

the roles of ocean, atmosphere, land, and ice in the climate system and improving our ability to

predict future changes.

ozone layer, Earth’s radiation budget, and air quality associated with changes in atmospheric

composition.

Carbon Cycle and Ecosystems: quantifying, understanding, and predicting changes in Earth’s

ecosystems and biogeochemical cycles, including the global carbon cycle, land cover, and

biodiversity.

Atmospheric Composition: understanding and improving our predictive capability for changes in the

NASA'’s Earth Science Research program is critical to the advancement of the interagency United States
Global Change Research Program (USGCRP), established in 1989 and mandated in the Global Change
Research Act of 1990 to develop and coordinate “a comprehensive and integrated U.S. research program
which will assist the nation and the world to understand, assess, predict, and respond to human-induced
and natural processes of global change.” This program also makes extensive contributions to international
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science programs, such as the World Climate Research Program, and greenhouse gas (GHG)
measurement and calibration efforts.

EXPLANATION OF MAJOR CHANGES IN FY 2025

The request transfers $22 million from Earth Science Research program to the new Responsive Science
Initiatives Program for the following components starting in FY 2025: Greenhouse Gas Center, Earth
Information System, Wildfires, NASA contributions to the Joint Center for Satellite Data Assimilation,
and Short-term Prediction Research and Transition Center (SPoRT). Funding from Research and Analysis
(R&A) for the Student Airborne Research Program is transferred to the Early Career Research project.

The Directorate Support budget increases in FY 2025 reflect the consolidation of select labor costs of the
Science workforce and funding to support the development of mission proposals by NASA centers.

ACHIEVEMENTS IN FY 2023

A NASA-funded study suggests that extreme Australian wildfires caused an increase in organic matter in
the atmosphere, leading to more cloud cover and less sunlight reaching the Earth’s surface, with
subsequent decrease in humidity and temperatures, all triggering a La Nifia that lasted three years up until
2023. A La Nifia is a climate event in which an oceanic phenomenon characterized by the presence of
cooler than normal sea-surface temperatures in the central and eastern tropical Pacific.

In FY 2023, the joint NASA-NOAA Atmospheric Emissions and Reactions Observed from Megacities to
Marine Areas field campaign conducted research in urban air quality, marine emissions, climate
feedbacks, and atmospheric interactions at the marine-urban interface.

The Space Geodesy program continued development, deployment, and operation of its next-generation
network of co-located Very Long Baseline Interferometry (VLBI), Satellite Laser Ranging (SLR), Global
Navigation Satellite System (GNSS), and Doppler Orbitography and Radiopositioning Integrated by
Satellite (DORIS) stations. Space Geodesy installed the first new SLR gimbal and telescope in Maryland,
while the second was prepared for shipment to Ny-Alesund, Norway. NASA also delivered the first two
Laser Retroreflector Array flight units for GPS-III to the U.S. Space Force to provide an independent tool
for improved positioning, navigation, and timing.

The Global Learning and Observation to Benefit the Environment (GLOBE) project supported four U.S.
Student Research Symposia where 218 students presented 86 projects and also presented at the 78th
United Nations (UN) General Assembly Science Summit to highlight how GLOBE implementation
supports sustainable development goals.

Scientific Computing and HECC projects expanded computing and storage at their centers, which will
allow NASA to create machine learning or physics-based Earth system model projections to increase
fidelity in simulating launch and space flight vehicles’ propulsion systems and provide climate model
impacts at city scales.

WORK IN PROGRESS IN FY 2024

In FY 2024, Airborne Science will fly the NASA-South African National Space Agency (SANSA) joint
Biodiversity Survey of the Cape campaign across South Africa’s Greater Cape Floristic Region and
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execute the Airborne and Satellite Investigation of Asian Air Quality mission working to improve
understanding of the factors controlling local Asian air quality.

The Space Geodesy program will install the Ny-Alesund VLBI gimbal and telescope and deploy the
Brazil VLBI antenna.

GLOBE will strengthen its infrastructure by performing a major upgrade to the website platform,
including launching a learning activity database that will accelerate discovery, collaboration, and
innovation of the program’s educational resources. GLOBE will formalize the U.S. GLOBE Evaluator
Community of Practice in preparation for the next five-year strategic plan outlining GLOBE's science and
education goals.

Scientific Computing and HECC projects will continue to expand computing and storage and improve the
facilities at NASA centers. NASA will use the General Purpose Graphics Processing Units deployed in
FY 2023 to train a foundation Earth Science model and will develop codes that can exploit the DoE
exascale (a thousand more speed and power than previous supercomputers) systems to facilitate
advancements in artificial intelligence (Al) and machine learning (ML). The Scientific Computing project
will expand on-site use of Graphics Processing Units (GPUs) for Artificial Intelligence and Machine
Learning (AIML) science and atmospheric modeling; expand to commercial clouds; continue
modernization and porting the NASA GEOS atmospheric model to GPU-based systems; and prototype a
hybrid high performance computing and storage environment using both on-premises and commercial
cloud computing capabilities. The HECC project will complete facility expansions for the new hyperwall
at NASA ARC and compute module-providing exploration environments to scientists and engineers
across NASA. Scientific Computing and HECC are engaging in supercomputing workforce development
discussions with Minority Serving Institutions and Historically Black Colleges and Universities.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

NASA’s Boeing 777-200ER (B777) airplane will reach initial operating capability for science research.
This aircraft will nearly double the payload and range capacity of the platform it replaced, creating
opportunities for interdisciplinary studies not available on any other research aircraft with the capacity to
carry a wide array of instruments across the globe.

The Early Career Research (ECR) program will fully transition all solicitations to dual anonymous peer
review and request inclusion plans. ECR will also have an ECR Tour to increase awareness of ECR
opportunities, targeting minority serving institutions and underrepresented groups, and conduct a series of
workshops/educational content to help early career researchers submit proposals.

The Space Geodesy Project plans to finish installing the new SLR system at Ny-Alesund and continue
developing new SLR systems in Maryland and Texas, while upgrade-work at other sites continue. NASA
expects these upgrades to improve accuracy for precision orbit determination for missions such as Ice,
Cloud, and Land Elevation Satellite (ICESat-2), GRACE-Follow-on (FO), and Sentinel-6 Michael
Freilich, and increase data product accuracy for processes including ice sheet mass change and estimates
of sea level rise rate and its acceleration.

The GLOBE program will observe its 30th anniversary on Earth Day, April 22, 2025. Key achievements
in FY 2025 include: a new five-year strategic plan and an associated evaluation strategy and
implementation plan; completing the competitive selection of an organization(s) to operate the GLOBE
Implementation Office; and expansion of the U.S. GLOBE Country Coordinating Office to strengthen
U.S. GLOBE implementation.
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Scientific Computing and HECC will continue to expand on-site computing and storage at NASA centers.
HECC will build an on-site data module to support the supercomputer usage. Both computing centers will
continue to expand cloud usage to support open science and will continue to build on the hybrid
architecture to work toward an operational capability by the end of FY 2025 that leverages both on-site
and commercial cloud computing to support high performance computing research, collaboration, and
open science. They will also continue to expand on-premise use of GPUs for AIML science and
atmospheric modeling.

Program Elements

GLOBAL MODELING AND ASSIMILATION OFFICE

The Global Modeling and Assimilation Office creates global Earth system component models using data
from Earth Science satellites and aircraft. Investigators can use these products worldwide to further their
research.

AIRBORNE SCIENCE

The Airborne Science project is responsible for providing aircraft systems to further science and advance
the use of satellite data. NASA uses these assets worldwide in campaigns to investigate extreme weather
events, observe Earth system processes, obtain data for Earth Science modeling activities, and calibrate
instruments flying aboard Earth Science spacecraft. NASA Airborne Science platforms support mission
definition and development activities. These activities include:

Conducting instrument development flights.

Gathering ice sheet observations as gap fillers between missions.

Serving as technology test beds for Instrument Incubator Program missions.

Serving as the observation platforms for research campaigns, such as those competitively selected
under the suborbital portion of Earth Venture.

e (Calibrating and validating space-based measurements and retrieval algorithms.

OzONE TRENDS SCIENCE

The Ozone Trends Science project produces a consistent, calibrated ozone record used for trend analyses
and other studies.

INTERDISCIPLINARY SCIENCE

Interdisciplinary Science includes science investigations as well as calibration and validation activities
that ensure the utility of space-based measurements. In addition, this project supports focused fieldwork
(e.g., airborne campaigns) and specific facility instruments which fieldwork depends on.
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EARTH SCIENCE RESEARCH AND ANALYSIS

Earth Science Research and Analysis is the core of the research program and funds the analysis and
interpretation of data from NASA’s satellites. This project funds the scientific activity needed to establish
a rigorous foundation for the satellites’ data and their use in computational models.

EARLY CAREER RESEARCH

The Early Career Research project (formally named Fellowships and New Investigators) supports
graduate and early career research in the areas of Earth system research, applied science, data systems,
and technology.

SPACE GEODESY

Geodesy is the science of measuring Earth’s shape, gravity, orientation, and rotation and how these
properties change over time. The Space Geodesy Project (SGP) encompasses the development, operation,
and maintenance of a global network of space geodetic technique instruments, a data transport and
collection system, data analysis, and the public dissemination of data products required to maintain a
stable terrestrial reference system. SGP provides the data and analysis essential for fully realizing the
measurement potential of the current and coming generation of Earth-observing spacecraft.

EARTH SCIENCE DIRECTED RESEARCH AND TECHNOLOGY

The Earth Science Directed Research and Technology project funds the civil service staff who work on
emerging Earth Science flight projects, instruments, and research.

GLOBAL LEARNING AND OBSERVATIONS TO BENEFIT THE ENVIRONMENT

GLOBE is a worldwide, hands-on primary and secondary school-based project that promotes
collaboration among students, teachers, and scientists to conduct inquiry-based investigations about our
environment. The program centers on the study of dynamics of Earth’s environment, focused on
atmosphere, hydrosphere, pedosphere (i.e., soil), and biosphere. Students take measurements, analyze
data, and participate in research in collaboration with scientists. NASA initiated a citizen science
component, called GLOBE Observer, in 2016 that makes four protocols available for use by anyone in a
GLOBE country. NASA sponsors the GLOBE project and partners with NSF, NOAA, and the United
States Department of State.

SCIENTIFIC COMPUTING

The Scientific Computing project funds NASA’s Earth Science Discover supercomputing system,
high-end storage, network, software engineering, and user interface projects, including climate
assessment modeling and data analysis, and commercial cloud computing. Scientific Computing supports
Earth system science modeling activities based on data collected by Earth Science spacecraft. The system
is separate from the High-End Computing Capability program at NASA ARC, so it can be close to the
satellite data archives at GSFC while also providing cloud computing environments specifically
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engineered for Earth Science collaborations. The proximity to the data and the focus on satellite data
assimilation makes the Discover cluster unique in its ability to analyze large volumes of satellite data
quickly. The system currently has approximately 170,000 central processing unit cores and 415,000
graphical processing unit cores.

HIGH-END COMPUTING CAPABILITY

HECC supports the Endeavour, Cabeus, Pleiades, Electra, and Aitken supercomputer systems and the
associated network connectivity, data storage, data analysis, visualization, and application software
support. It serves the supercomputing needs of all NASA mission directorates and NASA-supported
principal investigators at universities. The funding supports the operation, maintenance, upgrade, and
expansion of NASA’s supercomputing capability. These five supercomputer systems, with approximately
727,000 central processing unit cores and 4.8 million graphical processing unit cores, support NASA’s
aeronautics, human exploration, and science missions. For example, the systems perform first-of-a-kind
simulations, helping engineers designing the Mars landing vehicle's propulsion system reduce risk from
dust interference. The systems also run simulations created with unprecedented resolution, helping
scientists understand how galaxies co-evolve with extensive reservoirs of gas around them.

DIRECTORATE SUPPORT

The Directorate Support project funds the NASA SMD’s institutional and crosscutting activities including
National Academies studies, proposal peer review processes, printing and graphics, information
technology, the NASA Postdoctoral Fellowship Program, working group support, independent mission
assessments, NASA Center bid and proposal, Center and HQ performance awards, Center and HQ lump
sum payments, HQ civil servant labor, procurement support for the award and administration of all grants,
and other administrative tasks.

Program Schedule

Date Significant Event

QI FY 2024 ROSES-2023 selection within six to nine months of receipt of proposals
Q2 FY 2024 ROSES-2024 solicitation release

Q1 FY 2025 ROSES-2024 selection within six to nine months of receipt of proposals
Q2 FY 2025 ROSES-2025 solicitation release

Q1 FY 2026 ROSES-2025 selection within six to nine months of receipt of proposals
Q2 FY 2026 ROSES-2026 solicitation release

QI FY 2027 ROSES-2026 selection within six to nine months of receipt of proposals
Q2 FY 2027 ROSES-2027 solicitation release

QI FY 2028 ROSES-2027 selection within six to nine months of receipt of proposals
Q2 FY 2028 ROSES-2028 solicitation release
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Date Significant Event
Q1 FY 2029 ROSES-2028 selection within six to nine months of receipt of proposals
Q2 FY 2029 ROSES-2029 solicitation release

Program Management & Commitments

Program Element

Provider

Global Modeling and
Assimilation Office

Provider: Various

Lead Center: HQ
Performing Center(s): GSFC
Cost Share Partner(s): N/A

Airborne Science

Provider: Various

Lead Center: HQ

Performing Center(s): AFRC, ARC, WFF, JSC, LaRC
Cost Share Partner(s): N/A

Scientific Computing

Provider: GSFC

Lead Center: HQ
Performing Center(s): GSFC
Cost Share Partner(s): N/A

Ozone Trends Science

Provider: Various
Lead Center: HQ
Performing Center(s): LaRC, GSFC

Cost Share Partner(s): USGCRP and Subcommittee on Ocean Science and
Technology (SOST) agencies

Interdisciplinary Science

Provider: Various

Lead Center: HQ

Performing Center(s): HQ, JPL, GSFC, ARC, AFRC, GRC, LaRC, MSFC, JSC
Cost Share Partner(s): USGCRP and SOST agencies

Earth Science Research and
Analysis

Provider: Various

Lead Center: HQ

Performing Center(s): All NASA centers

Cost Share Partner(s): USGCRP and SOST agencies

High-End Computing
Capability

Provider: ARC

Lead Center: HQ
Performing Center(s): ARC
Cost Share Partner(s): N/A
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Program Element

Provider

Directorate Support

Provider: Various
Lead Center: HQ

Performing Center(s): All NASA centers
Cost Share Partner(s): N/A

Early Career Research

Provider: Various
Lead Center: HQ

Performing Center(s): All NASA centers
Cost Share Partner(s): N/A

Provider: Various

Lead Center: GSFC

Space Geodesy .
Performing Center(s): GSFC, JPL
Cost Share Partners: N/A
Global Learning and Provider: University Corporation for Atmospheric Research

Observations to Benefit the

Environment

Lead Center: HQ

Performing Center(s): HQ, GSFC
Cost Share Partner(s): N/A

Acquisition Strateqy

NASA implements the Earth Science Research program via competitively selected research awards.
NASA releases research solicitations each year in the ROSES NASA Research Announcements. All
proposals in response to NASA ROSES are peer reviewed and selected based on defined criteria. The
program competitively awards funds to investigators from academia, the private sector, NASA centers,
and other government agencies.

INDEPENDENT REVIEWS

Review Type | Performer Date of Review | Purpose Outcome
. A I review t .
Earth Science nnuat FeVIeW 1o assess progress Expectations for the
. against Earth Science performance
Performance | Advisory October 2023 . . research program fully
. goals and overarching strategic
Committee . met.
objective.
. Annual review to assess progress
Earth Scien . .
. Science against Earth Science performance
Performance | Advisory TBD . . TBD
Committee goals and overarching strategic

objective.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
INASA-ISRO SAR 93.5 72.1 29.3 21.1 12.0 0.1 0.0
Sentinel-6 40.3 51.3 36.5 18.1 8.7 5.7 7.1
PACE 112.8 75.5 26.3 24.8 8.5 0.0 0.0
IGRACE-Continuity 166.8 - 102.4 41.8 57.2 82.6 253
Other Missions and Data Analysis 501.6 -- 660.0 762.9 801.7 781.4 725.5
Total Budget 915.0 - 854.4 868.7 888.2 869.9 757.8

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Earth Systematic Missions (ESM) program includes
a broad range of multi-disciplinary science investigations
aimed at understanding the Earth system and its response
to natural and human-induced forces and changes.
Understanding these will help determine how to predict
future changes and mitigate or adapt to these changes.

More than half of the projects in formulation or
development under ESM have an international or
interagency contribution, and several on-orbit missions
provide data products in near real-time for use by the
United States and international meteorological and other
agencies and disaster responders.

The NASA-ISRO Synthetic Aperture Radar
(NISAR) mission is shown here undergoing
testing in the ISRO high bay. ESM includes the next generation of remote-sensing

satellite missions, the Earth System Observatory (ESO),
to address the high-priority Earth observation needs of the research and applications communities, as
identified by the National Academies 2017 Decadal Survey. Each ESO mission will advance
observational capabilities within its scientific field. NASA will integrate these missions into a single
observatory to deliver an unprecedented holistic, four-dimensional view of our planet’s climate systems.
that will advance our ability to measure, predict and improve our response to evolving natural hazards,
changing agricultural conditions, and severe weather challenges, including droughts, tropical storms, and
wildfires.

EXPLANATION OF MAJOR CHANGES IN FY 2025

NASA is restructuring the AOS missions to retain the partnership with JAXA on their Precipitation
Measurement Mission, formerly part of AOS-Storm. The remainder of the Aerosol and Cloud,
Convection, and Precipitation (ACCP) designated observables will be selected through a combination of
directed and competed opportunities (see AOS sections). The funding for these mission elements is
transferred from the AOS-Sky and AOS-Storm projects to ESO Future Missions.
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This budget separates the Surface Biology and Geology mission into two projects: SBG-TIR and
SBG-VSWIR. This new architecture maximizes execution flexibility and reduces near-term budget
requirements (see SBG sections on pages ES-34 and ES-35).

This budget includes $150 million for Landsat Next, providing a $128 million increase from the 2023
operating plan level to ramp up development of instruments that will be significantly more capable than
existing Landsat capabilities. NASA will not be able to estimate the launch date with more certainty until
there is a final FY 2024 appropriation and instrument contracts are awarded.

NASA renamed the Mass Change mission to the Gravity Recovery and Climate Experiment-Continuity
mission. This budget includes an additional $151 million to support launch readiness in FY 2029.

In December 2023, Copernicus Polar Ice and Snow Topography Altimeter (CRISTAL) entered the final
design and fabrication activity phase. NASA established the CRISTAL budget profile supporting
cooperation between NASA and ESA, targeting a launch readiness date no earlier than 2030.

NASA consolidated the out-year extended mission operations budget in ESM and established a new
project named Earth Science Senior Review to fund operating mission extensions after 2026.

NASA consolidated mission research science teams into a more integrated project to encourage
development of proposals built around science questions by combining the EOS Research and
Precipitation Science Team projects into ESM Research and by consolidating the budget for all ocean
science teams (Ocean Salinity Science Team, Ocean Surface Topography Science Team, and Ocean
Winds Science Team) into a new project, Ocean Measurements Research.

NASA renamed Earth Radiation Budget Science to Earth Radiation Data Continuity.

NASA approved a replanned cost and schedule for the CLARREO Pathfinder mission. Pursuant to
Section 521 of P.L. 113-235, NASA has notified Congress that the CLARREO Pathfinder mission has
experienced total development cost growth of greater than 10 percent of the Agency Baseline
Commitment established at KDP-C in July 2019.
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NASA-ISRO SYNTHETIC APERTURE RADAR (NISAR)

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
Formulation 117.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 117.0
Development/Implementation 769.4 84.5 473 0.0 0.0 0.0 0.0 0.0 0.0 901.1
Operations/Close-out 0.0 0.0 21.7 25.4 21.1 11.6 0.1 0.0 0.0 79.9
2024 MPAR LCC Estimate 886.3 84.5 69.0 25.4 21.1 11.6 0.1 0.0 0.0 1,098.0
Total Budget 920.3 93.5 72.1 29.3 21.1 12.0 0.1 0.0 0.0 1,148.4

The 2024 MPAR LCC Estimate reflects the Fiscal Year 2024 Quarter 1 Financial Report, which is current as of
January 2024. The requested budget authority is the project's current budget requirements.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

The NASA-ISRO Synthetic Aperture Radar (NISAR) mission will provide an unprecedented, detailed
view of the Earth using advanced radar imaging and a dual frequency (L-band and S-band) Synthetic
Aperture Radar (SAR). NISAR will be NASA's first dual frequency radar imaging satellite and will
observe processes including ecosystem disturbances, ice sheet collapse, and natural hazards (e.g.,
earthquakes, tsunamis, volcanoes, and landslides). The mission will reveal information about the
evolution and state of Earth’s crust, broaden scientific understanding of our planet's changing processes
and their effect on Earth's climate, and aid future resource and hazard management.

Both the 2007 and 2017 Earth Science Decadal Surveys endorsed the NISAR science objectives. NISAR
is a collaborative mission with ISRO.

EXPLANATION OF MAJOR CHANGES IN FY 2025

NASA reduced the LCC for NISAR by $20 million due to excellent cost performance since the KDP-D
rebaseline (in August 2022).

PROJECT PARAMETERS

NISAR consists of a dual frequency (L-band and S-band) SAR. NASA will provide the L-band SAR
(L-SAR), the engineering payload, the payload integration, and payload operations. ISRO will provide
S-band SAR (S-SAR), the spacecraft bus, the launch vehicle, observatory integration and testing, and
spacecraft operations. NISAR has a prime mission of three years.
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NISAR will implement enhanced data acquisition and data downlink capability as well as a global soil
moisture product for agricultural, forest, and modeling efforts, as recommended by the interagency
Satellite Needs Working Group (SNWG). The SNWG identified multiple other agencies that would
benefit from NISAR systematically collecting data over North America in Quad-pol 40-megahertz mode,
thus requiring additional data acquisition and downlink capability. NASA will track the cost of these
additional capabilities outside of the Agency Baseline Commitment for cost, as approval of the scope
enhancements took place after mission confirmation.

ACHIEVEMENTS IN FY 2023

During the first half of FY 2023, NISAR completed system integration and test (SIT-3) activities at JPL
including environmental tests, science operation mode testing, antenna and boom assembly tests,
deployment activities, and fully integrating the payload assembly. The project packed and delivered the
fully integrated payload to ISRO in to continue the system integration and test (SIT-4) activities. During
SIT-4 the NASA and ISRO teams are integrating the payload with the ISRO-provided spacecraft bus.

WORK IN PROGRESS IN FY 2024

The NASA team is supporting the SIT-4 activities in India per the jointly-developed plan. SIT-4 activities
will continue to prepare for launch in FY 2024.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

NISAR will complete commissioning and in-orbit-checkout and begin prime operations.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date FY 2025 PB Request
KDP-C Aug 2016 Aug 2016

CDR Oct 2018 Oct 2018

KDP-D Mar 2021 Mar 2021

Payload Delivery to ISRO Mar 2023 Mar 2023

Launch Readiness Date (LRD) Oct 2024 Oct 2024
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Development Cost and Schedule

2022 | 921.1 70 2024 901.1 -2 LRD Oct 2024 | Oct2024 | +0

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic
estimation techniques and processes. Estimate reflects the practices and policies at the time it was developed.
Estimates that include combined cost and schedule risks are denoted as JCL (joint confidence level); all other CLs
(confidence levels) reflect cost confidence without necessarily factoring the potential impacts of schedule changes
on cost. NASA originally baselined NISAR in 2016 and conducted a re-plan in 2022 which will become a new
reporting baseline in the FY 2024 appropriation. The original baseline is provided in the Supporting Data section.

Development Cost Details

TOTAL: 921.1 901.1 -20.0
Aircraft/Spacecraft 143.6 145.6 +2.0
Payloads 369.6 370.4 +0.8
Systems [&T 104.8 107.0 +2.2
Launch Vehicle 0.2 0.2 +0
Ground Systems 97.1 97.1 +0
Science/Technology 354 35.4 +0
Other Direct Project Costs 170.4 145.4 -25.0
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Project Management & Commitments

The ESM program at NASA GSFC has program management responsibility for NISAR. NASA assigned
project management responsibility to JPL. NISAR is a partnership between NASA and ISRO.

Provider: NASA
. . Lead Center: JPL
L-SAR Radar imaging payload : N/A
Performing Center(s): JPL

Cost Share Partner(s): N/A

Provider: ISRO

. . Lead Center: N/A
S-SAR Radar imaging payload ) N/A
Performing Center(s): N/A

Cost Share Partner(s): ISRO
Provider: ISRO

Provides platform for the Lead Center: N/A
Spacecraft ) N/A
payload Performing Center(s): N/A
Cost Share Partner(s): ISRO
' Provider: ISRO
. Geosynchropous Satellite Lead Center: N/A
Launch Vehicle Launch Vehicle (GSLV); N/A

Performing Center(s): N/A
Cost Share Partner(s): ISRO

delivers observatory to orbit

Project Risks

If: The Reflector Deployment operations are

not successful, The project will exercise and test the critical functionality
during system integration and test activities and ensure the risk

Then: The observatory will not function as is retired before launch.

planned.

If: The Boom Deployment operation is not

successful, The project will exercise and test the critical functionality
during system integration and test activities and ensure the risk

Then: The observatory will not function as is retired before launch.

planned.
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Acquisition Strateqy
The design and build of L-SAR radar is an in-house build at JPL with competed subcontracts.

MAJOR CONTRACTS/AWARDS

Solid State Recorder Airbus Germany

Reflector Antenna Astro Aerospace California

INDEPENDENT REVIEWS

Performance | SRB Jan 2024 Operational Readiness Review (ORR) | TBD
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SENTINEL-6

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
Formulation 15.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.5
Development/Implementation 235.7 34.1 47.8 30.3 15.6 0.0 0.0 0.0 0.0 3635
Operations/Close-out 9.7 6.2 35 6.2 2.5 8.7 5.7 7.1 17.9 67.5
2024 MPAR LCC Estimate 260.9 40.3 51.3 36.5 18.1 8.7 5.7 7.1 17.9  446.5
Total Budget 260.9 40.3 51.3 36.5 18.1 8.7 5.7 7.1 17.9  446.5

The 2024 MPAR LCC Estimate reflects the Fiscal Year 2024 Quarter 1 Financial Report, which is current as of
January 2024. The requested budget authority is the project's current budget requirements.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

The Sentinel-6 mission will provide continuity of ocean topography measurements beyond the
Topography Experiment (TOPEX)/Poseidon (launched in 1992), Jason-1 (2001), Ocean Surface
Topography Mission/Jason-2 (2008), and Jason-3 (2016) missions. It consists of two satellites, Sentinel-6
Michael Freilich (S6-MF) and Sentinel-6B (S6-B), that will launch five years apart (2021 for S6-MF and
2026 for S-6B) to extend ocean topography measurements for ocean circulation and climate studies for at
least another decade.

Sentinel-6 will also characterize atmospheric temperature and humidity profiles and make them available
for incorporation into National Weather Service models to support weather forecasting capabilities.

Sentinel-6 is a collaborative mission with NOAA, ESA, and the European Organization for the
Exploitation of Meteorological Satellites (EUMETSAT).

EXPLANATION OF MAJOR CHANGES IN FY 2025

This budget reflects an LCC reduction of approximately $39 million due to lower than planned launch
vehicle costs.

PROJECT PARAMETERS

NASA will provide the launch vehicle and launch services as well as the Advanced Microwave
Radiometer-Climate Quality (AMR-C), the Global Navigation Satellite System-Radio Occultation
(GNSS-RO) receiver, and the Laser Retroreflector Array (LRA) for each spacecraft. NASA will also
provide support for instrument integration and testing on the satellites, mission operations support for
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NASA-developed instruments, an operational AMR-C science data processor for EUMETSAT, near
real-time and offline data processing for GNSS-RO data, and mission data product archiving and
distribution. The S6-MF and S-6B observatories each have a five-and-a-half-year prime mission.

ACHIEVEMENTS IN FY 2023

S6-MF continued to produce high-accuracy science data products, contributing to hundreds of scientific
publications per year. The Ocean Surface Topography Science Team (OSTST) assessed the quality of
S6-MF data compared to its predecessor mission, Jason-3, and determined that inter-mission biases could
be determined to within £ 0.3 millimeter (mm). This ensures the integrity of the long-term sea level
change record from space, beginning in the early 1990s. The NASA GNSS-RO team has further enhanced
the data processing and improved products performance and quality leading to positive impacts on
weather forecasting.

The S6-B satellite is currently in storage in preparation for a launch in 2026. In September 2023, S6-B
was temporarily removed from storage and completed a successful annual checkout.

In December 2022, NASA selected SpaceX to provide launch services for the S-6B mission. This budget
reflects the reduction for launch vehicle savings of approximately $39 million in LCC for the Sentinel-6
mission.

WORK IN PROGRESS IN FY 2024

S6-B will launch on the same type of launch vehicle (SpaceX Falcon 9) reducing the risk of differing
launch environments from the S6-MF satellite. The project will have sufficient time for additional
analysis and testing of the S6-B satellite in time to support a 2026 launch. In early November 2023, the
OSTST held its annual meeting with further assessments of the Sentinel-6 data and presentations of new
science results. The project will make detailed plans to conduct updates of the ground and operations
systems to support the future launch of S6-B. The project will also conduct an annual checkout of the
S6-B satellite.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

Sentinel-6 expects to continue to produce high-accuracy science data products from S6-MF. The project
will refresh ground systems to maintain consistent and reliable mission operations, perform health checks
of the stored S6-B satellite, and conduct detailed planning to prepare S6-B launch by early 2026.
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Development

SCcHEDULE COMMITMENTS/KEY MILESTONES

KDP-C Apr 2017 Apr 2017
CDR Oct 2017 Oct 2017
]S;ér;iinelﬁ Michael Freilich U.S. Payload delivery to Mar 2020 Mar 2020
Sentinel-6B U.S. Payload delivery to ESA Oct 2020 Oct 2020
Launch (Sentinel-6 Michael Freilich) Nov 2021 Nov 2020
Start Phase E (Sentinel-6 Michael Freilich) Feb 2022 Feb 2021
End Prime Mission (Sentinel-6 Michael Freilich) Aug 2027 Aug 2026
Launch (Sentinel-6B) Nov 2026 Nov 2026
Start Phase E (Sentinel-6B) Feb 2027 Feb 2027
End Prime Mission (Sentinel-6B) Aug 2032 Aug 2032

Development Cost and Schedule

2017 | 4659 >70 | 2004 363.5 22 ]S“é{%f Nov2021 | Nov2020 | -12
NA | NA NA | NA N/A N/A éi]’; of | Nov2026 | Nov2026 | 0

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic
estimation techniques and processes. Estimate reflects the practices and policies at the time it was developed.
Estimates that include combined cost and schedule risks are denoted as JCL (joint confidence level); all other CLs
(confidence levels) reflect cost confidence without necessarily factoring the potential impacts of schedule changes
on cost.
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Development

Development Cost Details

TOTAL: 465.9 363.5 -102.4
Aircraft/Spacecraft 0 0 0
Payloads 65.8 77.1 +11.3
Systems I&T 8.8 6.2 -2.6
Launch Vehicle 280.7 190.6 -90.1
Ground Systems 9.7 14.0 +4.3
Science/Technology 4.4 19.9 +15.5
Other Direct Project 96.5 55.7 -40.8

Project Management & Commitments

The ESM program at JPL has program management responsibility for Sentinel-6. NASA also assigned
project management responsibility to JPL. Sentinel-6 is a partnership with NOAA, ESA, and
EUMETSAT.

Provides high spatial resolution Provider: NASA
i Lead Center: JPL
AMR-C wet tropospherlc path delay . ea e.n er N/A
corrections for the ESA-supplied Performing Center(s): JPL
Ku/C-Band Altimeter Cost Share Partner(s): N/A
Provider: NASA
Supports secondary mission Lead Center: JPL
GNSS-RO objectives for weather modeling o N/A
and forecasting Performing Center(s): JPL
Cost Share Partner(s): N/A
Provider: NASA
. . L Lead Center: JPL
LRA Provides orbit determination . N/A
Performing Center(s): JPL
Cost Share Partner(s): N/A
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Provider: ESA

Measures Jason-heritage ocean Lead Center: N/A

Ku/C-Band Altimeter . . N/A
surface topography at nadir Performing Center(s): N/A
Cost Share Partner(s): ESA
Doppler Orbitography Provider: ESA
i itioni Lead Center: N/A
and Radloposnlonmg Provides orbit determination e e.n e N/A
Integrated by Satellite Performing Center(s): N/A
(DORIS)

Cost Share Partner(s): ESA

Provider: ESA

. ) Lead Center: N/A
Spacecraft Bus Provides instrument platform . N/A
Performing Center(s): N/A

Cost Share Partner(s): ESA

Provider: NASA
. . . Lead Center: JPL
Launch Vehicle Delivers spacecraft to orbit . N/A
Performing Center(s): KSC

Cost Share Partner(s): N/A

Project Risks

None.

Acquisition Strateqy

Sentinel-6 leverages Jason heritage by using JPL legacy instrument designs (e.g., AMR-C, GNSS-RO,
and LRA) and an in-house build with a combination of sole source and competitive procurements. NASA
selected SpaceX to provide a Falcon 9 launch vehicle through a competitive Launch Service Task Order
evaluation under the NASA Launch Services II contract.
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MAJOR CONTRACTS/AWARDS

GNSS-RO Electronics MOOG Golden, CO
AMR-C Antenna Northrop Grumman Innovation Systems | San Diego, CA
LRA ITE Laurel, MD

Launch Services (S-6 Michael

Freilich and S-6B) SpaceX Los Angeles, CA

INDEPENDENT REVIEWS

Performance SRB Aug 2025 Sentinel-6B ORR TBD
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PLANKTON, AEROSOLS, CLOUDS, OCEAN ECOSYSTEM
(PACE)

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) Prior FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029 | BTC  Total
Formulation 260.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 260.3
Development/Implementation 439.9 112.8 52.5 0.0 0.0 0.0 0.0 0.0 0.0 6052
Operations/Close-out 0.0 0.0 229 26.3 24.8 8.5 0.0 0.0 0.0 82.5
2024 MPAR LCC Estimate 700.2  112.8 75.5 26.3 24.8 8.5 0.0 0.0 0.0 948.1
Total Budget 700.2  112.8 75.5 26.3 24.8 8.5 0.0 0.0 0.0 948.1

The 2024 MPAR LCC Estimate reflects the Fiscal Year 2024 Quarter 1 Financial Report, which is current as of
January 2024. The requested budget authority is the project's current budget requirements.

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

The Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) mission will improve our understanding of how
the ocean and atmosphere exchange carbon dioxide; reveal how aerosols fuel phytoplankton growth in the
surface ocean; and provide the first-ever global measurements to identify phytoplankton composition and
growth. This will improve our ability to understand Earth's changing marine ecosystems, manage natural
resources (e.g., fisheries), and identify harmful algal blooms.

EXPLANATION OF MAJOR CHANGES IN FY 2025
NASA reduced the LCC for PACE by $16 million due to excellent cost performance.

PROJECT PARAMETERS

NASA GSFC is responsible for the design and fabrication of the spacecraft, development of the Ocean
Color Instrument (OCI), and the mission operations center. GSFC will collect, process, archive, and
distribute PACE data. OCI consists of a cross-track rotating telescope, thermal radiators, along with
half-angle mirror and solar calibration mechanisms. Its signal-to-noise ratios will rival or exceed previous
ocean color instruments.

The Hyper-angular Rainbow Polarimeter 2 (HARP-2) is a wide-swath imaging polarimeter capable of
characterizing atmospheric aerosols for the purposes of sensor atmospheric correction and atmospheric
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PLANKTON, AEROSOLS, CLOUDS, OCEAN ECOSYSTEM
(PACE)

science. The Spectro-Polarimeter for Exploration (SPEXOne) provides atmospheric aerosol and cloud
data at high temporal and spatial resolution.

PACE launched in 2024 with a minimum mission duration of three years.

ACHIEVEMENTS IN FY 2023

PACE successfully entered the system assembly, integration and test, and launch and checkout phase in
February 2023. PACE completed its environmental test campaign in July 2023.

WORK IN PROGRESS IN FY 2024

PACE held its Pre-Ship Review (PSR) in October 2023 and shipped to the launch site in November 2023.
The team held its Operational Readiness Review (ORR) in November 2023 in preparation for KDP-E in
January 2024. PACE launched from KSC on a Space X Falcon 9 on February 8, 2024.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

The PACE team expects to be in on-orbit operations.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date FY 2025 PB Request
KDP-B Jul 2017 Jul 2017

KDP-C Aug 2019 Aug 2019

KDP-D Aug 2021 Feb 2023

Launch Readiness (or equivalent) Jan 2024 Feb 2024

End Prime Mission Apr 2027 Aug 2027
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PLANKTON, AEROSOLS, CLOUDS, OCEAN ECOSYSTEM
(PACE)

Development

Development Cost and Schedule

2020 558.0 >70 2024 605.2 +8 LRD Jan 2024 Feb 2024 +4

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic
estimation techniques and processes. Estimate reflects the practices and policies at the time it was developed.
Estimates that include combined cost and schedule risks are denoted as JCL (joint confidence level); all other CLs

(confidence levels) reflect cost confidence without necessarily factoring the potential impacts of schedule changes
on cost.

Development Cost Details

TOTAL: 558.0 605.2 +47.2
Aircraft/Spacecraft 103.6 136.3 +32.7
Payloads 79.2 189.2 +110.0
Systems [&T 18.8 27.1 +8.3
Launch Vehicle 105.0 78.6 -26.4
Ground Systems 19.3 28.8 +9.5
Science/Technology 50.0 59.1 +9.1
Other Direct Project 182.1 86.2 -95.9
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(PACE)

Development

Project Management & Commitments

Element

Description

Provider Details

Change from

Baseline
Provider: University of
Maryland Baltimore County
Polarimeter Measures how the oscillation of sunlight (UMBC)
(HARP-2) - changes by passing through clouds, aerosols, | | cad Center: N/A N/A
Contribution | and the ocean. .
Performing Center(s): N/A
Cost Share Partner(s): UMBC
Provider: Netherlands Institute
Polarimeter Measures how the oscillation of sunlight for Space Research (SRON)
(SPEXOne) - | changes by passing through clouds, aerosols, | Lead Center: N/A N/A
Contribution | and the ocean. Performing Center(s): N/A
Cost Share Partner(s): SRON
' . Provider: GSFC
Ocean Color H!ghly advanced opt'lcal spe.:ctrometer tha.t Lead Center: GSFC
Instrument will measure properties of light over portions . ) N/A
of the electromagnetic spectrum. Performing Center(s): GSFC
Cost Share Partner(s): N/A
Provider: GSFC
) . Lead Center: GSFC
Spacecraft Provides a platform for instruments. ) N/A
Performing Center(s): GSFC
Cost Share Partner(s): N/A
Provider: SpaceX
Launch Provides launch services for the PACE Lead Center: KSC N/A
Vehicle Observatory. Performing Center(s): N/A
Cost Share Partner(s): N/A
.. Provides software and system with Provider: GSFC
Mission bilities for command and control
Operations capabll . N Lead Center: GSFC
and Ground mission scheduling, long-term trending, and ; ) N/A
system flight dynamics analysis. Collects, processes, Performing Center(s): GSFC

archives, and distributes PACE data.

Cost Share Partner(s): N/A
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Acquisition Strateqy

GSFC built the spacecraft and OCI instrument in-house. UMBC contributed the HARP-2 polarimeter.
SRON contributed the SPEXOne polarimeter. The PACE project worked with the NASA Launch
Services Program (LSP) to award the launch services contract to SpaceX in February 2020.

MAJOR CONTRACTS/AWARDS

Launch Vehicle SpaceX Hawthorne, CA

INDEPENDENT REVIEWS

Performance | SRB Nov 2022 Systems Integration Review (SIR) Successful

Performance | SRB Nov 2023 ORR Successful
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GRACE-CONTINUITY

FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 166.8 -- 102.4 41.8 57.2 82.6 253

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

PROJECT PURPOSE

The primary goal of the Gravity Recovery and Climate Experiment - Continuity (GRACE-C) (previously
named Mass Change) mission is to better understand the global water cycle through large-scale mass
changes. This will inform drought assessment and forecasting, and agricultural water use planning, as
well as understanding the drivers of sea level rise, Earth’s energy imbalance, and ice mass loss from the
world’s ice sheets.

GRACE-C will advance ESO goals by providing continuity of the 20-plus-year record of monthly
measurements of Earth’s mass change established by the GRACE and GRACE-FO missions.

NASA leads work on GRACE-C in partnership with DLR, building on a relationship established in the
1990s for GRACE and GRACE-FO. It is targeting a launch in a near-polar orbit in 2028 to maintain
continuity with GRACE-FO.

EXPLANATION OF MAJOR CHANGES IN FY 2025

GRACE-C entered Preliminary Design and Technology Completion Activities phase (Phase B) in
September 2023 and NASA renamed the Mass Change mission to GRACE-C. This budget includes an
additional $151 million to support a launch readiness date in FY 2029.

PROJECT PRELIMINARY PARAMETERS

GRACE-C consists of a pair of satellites in co-planar, low altitude polar orbits. Accurate measurements of
the range change between the two satellites combined with precise measurements of their position and
orientation and non-gravitational forces they feel will provide the mission data. Each satellite carries
Global Navigation Satellite System receivers, attitude determination sensors, a laser ranging
interferometer (LRI), high accuracy accelerometers, and laser retroreflectors for orbit determination.

NASA is responsible for the GRACE-C project, providing the project manager and project scientist;
project management; system engineering and mission design; safety and mission assurance; delivery of
the integrated LRI; LRI electronics subsystems; accelerometers; spacecraft; instrument integration and on
orbit operations; science and applications data processing; and delivery of calibrated/validated science
and applications data products to a NASA archive for public distribution and long-term preservation.

DLR is responsible for providing LRI optics subsystems; mission operations and telemetry; tracking and
command; the ground data system; laser retro-reflectors for ground-to-satellite ranging; and the launch
vehicle and launch services.
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ACHIEVEMENTS IN FY 2023
In March 2023, GRACE-C successfully entered the concept and technology development phase.

In September 2023, GRACE-C successfully demonstrated that the proposed mission/system architecture
is credible and responsive to program requirements and constraints, including resources and that the
maturity of the project’s mission/system definition and associated plans is sufficient to enter Phase B for
preliminary design and technology completion activities.

WORK IN PROGRESS IN FY 2024

The project is completing a series of inheritance reviews for the spacecraft subsystems and preparing for
PDR scheduled for March 2024. Following PDR, the project will present the results of the PDR at KDP-C
and request approval to proceed into the development phase to begin fabrication and system assembly.

KEY ACHIEVEMENTS PLANNED FOR FY 2025
The project will prepare for and complete CDR in Spring 2025.

ESTIMATED PROJECT SCHEDULE

Milestone Formulation Authorization Document FY 2025 PB Request
Formulation Authorization Mar 2023 Mar 2023

KDP-C NLT Summer 2024 Jul 2024

CDR Apr 2025 Jul 2025

KDP-D Jan 2026 Mar 2027

Launch (or equivalent) May 2028 Dec 2028

Formulation Estimated LCC Range and Schedule Range
Summary

LCC estimates are preliminary. A baseline cost commitment does not occur until the project receives
approval for implementation (i.e., KDP-C), which follows a non-advocate review and/or PDR.

KDP-B Date | Estimated LCC Range ($M) | Key Milestone | Key Milestone Estimated Date Range

Sep 2023 587.8-617.8 LRD May 2028 — Dec 2028
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Formulation

Project Management & Commitments

The ESM program at the JPL has program management responsibility for GRACE-C. NASA assigned
project management responsibility to JPL. GRACE-C is a partnership with DLR.

Element Description Provider Details
Provider: Airbus Defence & Space (Germany)
Provides platform for the Lead Center: N/A
Spacecraft . .
mstruments Performing Center(s): JPL
Cost Share Partner(s): N/A
Provider: French Office National d’Etudes et Recherches
o Aérospatiales (ONERA)
Accelerometers Measure§ all nongrav1tat19na1 Lead Center: JPL
accelerations of the satellite(s) .
Performing Center(s): JPL
Cost Share Partner(s): N/A
Heterodyne interferometric Provider: JPL and DLR
Laser Ranging laser will measure the distance | Lead Center: JPL
Interferometer between the two spacecraft asa | Performing Center(s): JPL
function of time Cost Share Partner(s): JPL and DLR
Provider: DLR
. . . Lead Center: N/A
Launch Vehicle | Delivers spacecraft to orbit .
Performing Center(s): N/A
Cost Share Partner(s): DLR
Provider: JPL
Project Ove.rall management; system Lead Center: JPL
engineering and mission design; .
Management Performing Center(s): JPL

safety and mission assurance

Cost Share Partner(s): N/A

Science and
Applications
Data Processing

Delivery of calibrated/validated
science and applications data
products

Provider: JPL

Lead Center: JPL
Performing Center(s): JPL
Cost Share Partner(s): DLR
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Project Risks

If: The expected delivery of the LRI
components contributed by DLR are delayed,

DLR is finalizing subcontracts and will work with JPL in Phase

B to align schedules and determine potential LRD impacts.
Then: The critical path schedule will be

impacted.

Acquisition Strateqy

NASA will conduct GRACE-C acquisitions consistent with the workshare and heritage approaches used
successfully on the GRACE and GRACE-FO missions. The implementation strategy will include the key
teams and U.S./German partnership roles from those missions as well as utilizing heritage satellite and
instrument architectures.

JPL will procure two spacecraft from Airbus (Germany); procure the flight spare accelerometers from
GRACE-FO; and implement and deliver the integrated LRI. The JPL LRI components are subcontracts
with Tesat and Ball Aerospace. DLR will provide the German components of the LRI; the laser
retro-reflectors; launch services; the mission operations and ground system; and the telemetry, tracking,
and commanding support necessary to operate the mission.

MAJOR CONTRACTS/AWARDS

Spacecraft Airbus Germany

Accelerometer ONERA France

INDEPENDENT REVIEWS

Standing Review . .
Performance Board (SRB) Apr 2023 Systems Requirement Review (SRR) | Successful
Performance SRB Jul 2023 Mission Definition Review (MDR) Successful
Performance SRB Spring 2024 PDR TBD
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OTHER MISSIONS AND DATA ANALYSIS

FY 2025 Budget

Op Plan CR Request

Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY2027 FY2028 FY 2029
Surface Biology and Geology - VSWIR 0.0 -- 19.0 71.0 97.0 101.0 71.0
IAtmosphere Observing System-Sky 33.7 -- 0.0 0.0 0.0 0.0 0.0
Precipitation Measuring Mission (PMM) 20.9 -- 19.8 20.2 21.1 243 18.0
Landsat Next 225 -- 150.0 183.8 182.4 180.4 211.7
Surface Biology and Geology - TIR 46.9 -- 30.0 52.0 72.0 48.0 49.0
Sustained Climate Observations Future Mi 1.3 -- 124 13.7 10.6 14.8 7.6
[Earth Systematic Missions (ESM) Research 23.3 -- 46.0 42.8 41.5 41.6 41.6
Surface Water and Ocean Topography Mission 20.1 -- 16.2 15.1 0.8 0.0 0.0
(Ocean Surface Topography Science Team 53 -- 0.0 0.0 0.0 0.0 0.0
Earth Observations Systems (EOS) Research 9.5 -- 0.0 0.0 0.0 0.0 0.0
Landsat 9 29 -- 3.0 3.1 3.1 0.0 0.0
Sage 11T 4.6 -- 4.2 4.2 0.0 0.0 0.0
Radiation Budget Instrument (RBI) 0.2 -- 0.0 0.0 0.0 0.0 0.0
Sustainable Land Imaging 4.6 -- 0.0 0.0 0.0 2.7 2.6
[Earth from ISS 1.7 -- 0.9 0.0 0.0 0.0 0.0
Total Solar Irradiance Sensor-2 (TSIS-2) 11.2 -- 43.1 6.4 6.0 6.5 3.6
Earth Radiation Data Continuity 12.4 -- 15.9 15.9 15.9 15.9 15.9
Ozone Mapping and Profiler Suite (OMPS) 2.1 -- 2.9 1.4 1.5 1.5 1.6
Total Solar Irradiance Sensor-1 (TSIS-1) 4.3 -- 3.9 3.9 0.0 0.0 0.0
CLARREO Pathfinder 9.4 -- 15.7 13.6 9.8 2.5 0.0
[Earth System Observatory Future Missions 17.4 -- 48.7 114.0 140.3 145.6 111.3
[Earth Science Program Management 67.6 -- 66.5 63.8 64.5 65.3 65.9
Precipitation Science Team 5.9 -- 0.0 0.0 0.0 0.0 0.0
Ocean Winds Science Team 2.9 -- 0.0 0.0 0.0 0.0 0.0
Land Cover Science Project Office 1.2 -- 0.0 0.0 0.0 0.0 0.0
Ocean Salinity Science Team 6.9 -- 0.0 0.0 0.0 0.0 0.0
Soil Moisture Active and Passive (SMAP) 18.0 -- 11.5 11.4 0.0 0.0 0.0
Deep Space Climate Observatory 1.5 -- 1.6 1.5 0.0 0.0 0.0
Global Precipitation Measurement (GPM) 20.5 -- 18.6 18.4 0.0 0.0 0.0
Suomi National Polar-Orbiting Partnership 3.5 -- 4.0 4.1 4.2 4.3 4.3
(Suomi NPP)

Terra 22.1 -- 15.6 16.1 17.2 9.5 9.5
Aqua 27.6 -- 17.7 16.2 114 6.9 6.9
Aura 18.8 -- 12.7 9.2 4.2 1.7 0.0
ICESat-2 26.0 -- 20.1 20.3 0.0 0.0 0.0
IGRACE Follow-On 12.7 -- 8.8 9.1 0.0 0.0 0.0
(Ocean Measurements Research 0.0 -- 17.4 17.9 18.3 18.6 18.6
Earth Science Senior Review 0.0 -- 0.0 0.0 68.5 82.5 81.7
Copernicus Polar Ice and Snow Topography 12.1 -- 33.8 14.0 11.6 7.7 4.8
Total Budget 501.6 -- 660.0 762.9 801.7 781.4 725.5

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."
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OTHER MISSIONS AND DATA ANALYSIS

Earth Systematic Missions (ESM) Other Missions and Data Analysis includes operating missions and
their science teams and competed research projects. Mission science teams define the scientific and
applications requirements for their missions and generate algorithms used to process the data into useful
data products. The research projects execute competitively selected investigations related to specific
mission measurements.

Also included are Sustainable Land Imaging activities, as well as smaller instruments and missions in
formulation and development, such as the Ozone Mapping and Profiler Suite Limb Sounder and Total and
Solar Irradiance Sensor-2.

Mission Planning and Other Projects

ATMOSPHERE OBSERVING SYSTEM (AOS)-SKY

AOS was designed to measure ACCP designated observables from the 2017 Decadal survey and their
interactions. Observing these parameters is key to improving climate modeling, weather forecasts, and air
quality predictions.

The AOS architecture is composed of two projects: AOS-Sky and Precipitation Measuring Mission
(PMM) (previously named AOS-Storm) that leverage multiple orbit planes, sub-orbital components,
complementary instrumentation, and international contributions to optimize measurements and enable
new discoveries.

AOS-Sky passed KDP-A and entered formulation in January 2023. NASA awarded spacecraft study
contracts and radar and polarimeter study contracts to industry in late FY 2023. NASA has changed the
architecture and acquisition approach in this budget request to increase competitive opportunities while
achieving maximum science (see ESO Future Missions section) with launches targeted for no earlier than
2030. The funding for these mission elements is transferred from the AOS-Sky and AOS-Storm projects
to ESO Future Missions.

PRECIPITATION MEASURING MissiON (PMM)

NASA reduced the scope of the AOS-Storm directed mission and renamed it the Precipitation
Measurement Mission.

This mission is comprised of a JAXA contributed Ku-band Doppler Radar, hosted on a JAXA
spacecraft. NASA will provide launch services, system engineering, and science support for this
mission. NASA will also leverage a partnership with ASI for an advanced lidar capability (see ESO
Future Missions).

PMM will provide continuity of critical precipitation measurements from the Tropical Rainfall Measuring
Mission (TRMM) and Global Precipitation Measurement (GPM), and advance science by providing
improved sensitivity doppler observations with scanning capabilities. It will fly in an inclined orbit that
offers more frequent sampling, increasing our understanding of all stages of storm development, to enable
more accurate predictions of convective rainfall and severe weather. PMM contributes to the
enhancement of weather and disaster management, and provision of long-term information on water
resources infrastructure contributing to global scale climate and water issues.

NASA is targeting a launch for PMM no earlier than FY 2029.
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Recent Achievements

NASA completed Mission Concept Review in May 2022 for PMM as part of AOS. PMM passed KDP-A
(Completing Concept and Technology Development) in January 2023.

SURFACE BIOLOGY & GEOLOGY-THERMAL INFRARED RADIOMETER (SBG-TIR)

The SBG element of the ESO will revolutionize scientific understanding of climate change, agriculture,
terrestrial and marine habitats, the surface water cycle, and the distribution of natural resources on land.
SBG will answer open questions about how carbon, water, nutrients, and energy move within and
between the atmosphere, the oceans, the landscape, and ecosystems. NASA has separated the SBG
mission into two projects to maximize execution flexibility and cost control. The SBG-TIR instrument is
a wide-swath infrared thermal imager based on the successful ECOsystem Spaceborne Thermal
Radiometer Experiment on Space Station (ECOSTRESS) architecture and will be in an early-afternoon
Sun synchronous orbit.

ASI will provide the spacecraft and launch vehicle. The target launch date for SBG-TIR is no earlier than
CY 2028.

Recent Achievements

SBG held its KDP-A in November 2022 and entered the formulation phase where the project is working
on completing concept and technology development.

SURFACE BIOLOGY & GEOLOGY-VISIBLE & SHORTWAVE INFRARED
SPECTROMETER (SBG-VSWIR)

SBG-VSWIR will provide global mapping measurements of the surface reflectance from the Earth’s land,
inland water, and coastal regions. The VSWIR element will be in a morning Sun synchronous orbit to
minimize cloud contamination of scenes with sufficient frequency to measure ecosystem function at sub-
seasonal and yearly time scales and with sufficient detail to quantify variation in plant functional
diversity, aquatic ecosystems, coastal benthic cover, soils and minerals and snow in complex mountain
landscapes. The data will also allow observation of real-time events such as oil spills and smoke plumes.
NASA will provide the instrument, spacecraft, and launch vehicle for VSWIR.

This budget supports a launch readiness for the SBG-VSWIR payload no earlier than FY 2032 to achieve
a minimum one-year overlap of TIR and VSWIR observations.
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Recent Achievements

SBG held its KDP-A in November 2022 and entered the formulation phase where the project is working
on completing concept and technology development.

LANDSAT NEXT

Landsat Next is the successor mission to Landsat 8 and 9. The U.S. Geological Survey (USGS) and
NASA have collected Landsat imagery since 1972, resulting in the longest continuously acquired
collection of space-based terrestrial observations. Landsat derived information allows federal agencies,
land managers, and policymakers to make informed decisions about natural resources, including
agriculture, water, and forests, and the environment.

Landsat Next data will help decision makers pinpoint and minimize environmental health and human
safety risks and support emergency response and post-disaster assessment. Landsat Next will also support
wildland fire management, assessment of harmful algae bloom severity, and famine warning.

Landsat Next is a constellation of three identical satellites in a phased orbit to yield a system revisit of six
days. Its instruments will provide Superspectral Coincident Visible and Short Wave Infrared plus Thermal
Infrared imaging bands for simultaneous measurements in 26 bands (vs 11 bands of Landsat 8 and 9).
These additional bands enable new applications, including water quality, mineral mapping, snow
hydrology, and soil conservation assessments.

NASA will develop, launch, and check-out space systems. USGS will develop the ground systems;
operate the on-orbit spacecraft; and collect, archive, process, and distribute data to users. NASA will
manage mission operations from launch through the on-orbit checkout, and then transition Landsat Next
to USGS.

Recent Achievements

Landsat Next entered Phase A of formulation in November 2022. In May 2023, NASA released a Request
for Proposal (RFP) for the competitive procurement of the Landsat Next Instrument Suite. Proposals were
received in July 2023 and award is anticipated in May 2024, pending the outcome of the FY 2024
appropriations process.

NASA also initiated spacecraft-studies contracts with multiple vendors in February 2023 to identify
potential modifications to commodity spacecraft for Landsat Next.

SUSTAINED CLIMATE OBSERVATIONS FUTURE MISSIONS

Sustained climate observations support climate change prediction and inform adaptation and mitigation
measures. Current sustained climate observation missions focus on observing and improving predictions
of sea level rise. NASA will work with international and commercial stakeholders to identify
opportunities for achieving these observations through effective and cost-efficient collaborations.
Currently, NASA is contributing to ESA's Sentinel-6C mission, which will extend the Sentinel-6 series of
sea level observations with an additional Advanced Microwave Radiometer (MR) hosted on an ESA
provided satellite.
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Recent Achievements

The Sentinel-6C study team initiated an accommodations study to support ESA's RFP for the spacecraft
and long-lead procurements.

EARTH SYSTEMATIC MissIONS (ESM) RESEARCH

ESM Research funds science teams that are composed of competitively selected investigators who
analyze data from ESM projects to address key science questions. Most selected activities focus on
science data analyses; however, some activities continue algorithm improvement and validation.

NASA consolidated the Earth Observation Systems (EOS) Research project for the Terra, Aqua, Aura,
and Ice, Cloud, and Land Elevation Satellite (ICESat-2) missions and the Precipitation Science project for
the TRMM and GPM missions into ESM Research.

Recent Achievements

Researchers used Atmospheric Infrared Sounder (AIRS) carbon monoxide observations to confirm an
increase in both long-term trends and extremes of wildfire occurrence in the northern hemisphere over the
last 20 years (i.e., 2002 to 2021).

Scientists used remote sensing observations of tree canopy height collected by Global Ecosystem
Dynamics Investigation (GEDI) and ICESat-2 to characterize the spatial diversity of global forest
structure and quantify the implications for forest carbon stocks and fluxes. In a related study, researchers
combined GEDI data with data from the DLR TerraSAR-X add-on for Digital Elevation Measurement
(TanDEM-X) satellites to develop a 25-meter (m) forest height map for the entire island of Tasmania and
validated it against an airborne lidar survey of the area.

Scientists applied AIML methods to Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) data to automatically detect thermal features that typically require manual analysis at five
different volcanoes with a 93 percent accuracy. This paves the way for the development of an automated
thermal analysis system for future TIR missions, such as SBG.

Researchers analyzed drought-induced food crises globally in the Soil Moisture Active Passive (SMAP)
record (since 2015; approximately five per year). They demonstrated that SMAP retrievals of soil
moisture, integrated with food prices, provide an early warning for food crises caused by droughts three to
six months in advance. This suggests that in the future, drought response could be predictively scaled to
anticipate the size of the food crisis.

OCEAN SURFACE TOPOGRAPHY SCIENCE TEAM (OSTST)
NASA consolidated OSTST in the Ocean Measurements project starting in FY 2024.

EARTH OBSERVATION SYSTEMS (EOS) RESEARCH
NASA consolidated EOS Research in the ESM Research project starting in FY 2024.
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SUSTAINABLE LAND IMAGING (SLI)

SLI enables the development of a multi-decade, space-borne system that will provide U.S. users with
high-quality global land-imaging measurements that will be compatible with the existing Landsat record
and will address near and long-term issues of continuity risk. The program will evolve flexibly and
responsibly through investment and introduction of new sensor and system technologies. Under the SLI
framework, NASA will maintain responsibility for developing, launching, and initial checkout of space
systems. USGS will be responsible for collecting and documenting user needs, developing the associated
ground systems, and operating the on-orbit spacecraft. USGS will also collect, calibrate, archive, process,
and distribute SLI system data to users. The development costs for the next series of Landsat satellites is
funded out of the Landsat Next budget line, leaving only funding for technology development for future
Landsat concepts in the SLI line.

The SLI-Technology program will demonstrate improved, innovative, full-instrument concepts for
potential infusion into the next generation of Landsat missions and for technology transfer to commercial
imagery providers. SLI-Technology develops technologies at the component and breadboard-level.
NASA will solicit instrument and subsystem development activities in coordination with the Landsat
science community.

SLI will also engage with international partners to ensure access to high-quality data and fusion of those
measurements with those from the U.S. Landsat missions. The USGS, supported by NASA and other
agencies, is serving as the primary United States government point of contact to ensure access to, and
archiving of, Sentinel-2 data products for U.S. research and operational users.

The SBG missions will serve as a pathfinder for sustainable land imaging, therefore, this budget includes
reductions to SLI-Technology. The SLI-Technology budget for subsequent Landsat missions will resume
in FY 2028.

Recent Achievements

NASA worked with USGS to define a commercial imagery pathfinder for SLI. This pathfinder will
explore the development of high spatial resolution and high revisit commercial Visible and Near-Infrared
Reflectance (VNIR) imagery data products that can augment the Landsat data archive and provide
additional value in meeting user needs.

The SLI-Technology program funded an on-orbit demonstration of a new instrument — the Multiband
Uncooled Radiometer Imager (MURI) — developed under the Earth Science Technology Instrument
Incubator project. MURI, an uncooled long-wavelength infrared bolometer-based imager, launched on
January 3, 2023, as a hosted payload.

TOTAL SOLAR IRRADIANCE SENSOR-2 (TSIS-2)

TSIS-2 will maintain and extend the 41-year measurement record of total solar irradiance and spectral
solar irradiance beyond 2023. Researchers use solar irradiance data to understand how solar energy
affects the Earth system over an 11-year cycle and longer time scales. The TSIS-2 launch readiness date is
May 2025 and the mission will operate for no less than three years.

Recent Achievements

NASA approved the final spacecraft design in October 2022 and the spacecraft provider started assembly
of key spacecraft components. The instrument vendor delivered the Spectral Irradiance Monitor (SIM)
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into safe storage in September 2023. The Total Irradiance Monitor (TIM) is undergoing final testing in
preparation for storage in early FY 2024.

EARTH RADIATION DATA CONTINUITY (ERDC)

NASA renamed Earth Radiation Budget Science to ERDC in this budget request. ERDC uses data from
the multiple radiation budget instruments in orbit (e.g., the Clouds and the Earth’s Radiant Energy System
(CERES), Terra, Aqua, Suomi National Polar-Orbiting Partnership [Suomi NPP], NOAA-20, and
geostationary instruments) and ancillary measurements to produce integrated data products over the entire
suite of radiation budget instruments. In total, scientists have used 32 instruments on 26 spacecraft thus
far to produce an accurate, temporally consistent description of the radiation budget at the top of the
atmosphere, within the atmosphere, and at the surface. ERDC is the only project worldwide whose prime
objective is to produce global, climate-quality Earth radiation budget data from dedicated Earth radiation
budget satellite instruments.

Recent Achievements

In FY 2023, the ERDC team developed new Angular Distribution Models (ADMSs) for radiance to flux
conversion using the CERES Flight Model 5 (FM5) instrument flying on the Suomi National Polar-
orbiting Partnership (S-NPP) satellite. The new ADMs will improve the accuracy of CERES data
products from S-NPP and NOAA-20 and will also be used to determine shortwave and longwave
radiative fluxes from the Libera instrument that will fly on the Joint Polar Satellite System (JPSS-4)
satellite in 2027.

Members of the ERDC team also used measurements from the recent Arctic field campaign,
Multidisciplinary drifting Observatory for the Study of Arctic Climate (MOSAIC), to evaluate CERES
surface fluxes and published the findings in a peer-reviewed scientific journal. This provides users a
quantitative assessment of the uncertainties associated with the CERES surface radiative flux product
over the Arctic.

OzONE MAPPING AND PROFILER SUITE LIMB SOUNDER (OMPS-L)

OMPS is a three-part instrument that tracks the health of the ozone layer and measures the concentration
of ozone in the Earth’s atmosphere: a nadir mapper that maps global ozone with about 50-kilometer (km)
ground-resolution; a nadir profiler that measures the vertical distribution of ozone in the stratosphere; and
OMPS-L, a limb profiler that measures ozone in the lower stratosphere and troposphere. NASA provided
OMPS-L for integration on the OMPS instrument that currently operates on the Suomi NPP spacecraft.
These measurements fulfill the U.S. treaty obligation to monitor global ozone concentrations for the
Montreal Protocol. Therefore, to ensure data continuity, NASA provided a copy of this suite for NOAA’s
Joint Polar Satellite System-2 (JPSS-2) mission, now called NOAA-21, which launched in November
2022. The project budget also supports OMPS-L profilers for JPSS-3 and JPSS-4.

Recent Achievements

In FY 2023, the OMPS team successfully completed installation of the JPSS-3 OMPS onto the spacecraft.
The OMPS team also successfully completed the JPSS-4 OMPS-L, and integrated sensor suite testing will
complete in FY 2024,
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CLIMATE ABSOLUTE RADIANCE AND REFRACTIVITY OBSERVATORY (CLARREO)
PATHFINDER (CPF)

CPF will measure sunlight reflected by the Earth and Moon with up to ten times better accuracy than
current sensors. This improved accuracy will make it possible to detect subtle climate change trends
decades sooner than otherwise possible.

Recent Achievements

In FY 2023, final design and fabrication activities progressed including the completion of the
HyperSpectral Imager for Climate Science instrument independent absolute radiometric testing in the
thermal vacuum chamber. Upon completion of all other payload subsystems, the project was ready to
enter system assembly, integration and test, and launch and checkout at the start of FY 2024.

NASA approved a replanned cost and schedule for CPF in September 2023, increased the budget to
reflect these updated estimates, and updated the instrument delivery date to May 2025. These changes are
based on the inability of the project to meet the SpaceX-29 launch in December 2023 as a result of
schedule erosion due to technical problems in CY 2022/CY 2023. Due to the availability of ISS
accommodations and SpaceX payload launch space, CPF must be placed in extended storage. The new
development cost estimate exceeds the development cost in the Agency Baseline Commitment established
at KDP-C in July 2019 by more than 10 percent, requiring a congressional notification. Pursuant to
Section 521 of P.L. 113-235, NASA has notified Congress that CPF has experienced total development
cost growth of greater than 10 percent.

EARTH SYSTEM OBSERVATORY FUTURE MISSIONS

NASA has adjusted the architecture and acquisition strategy for the AOS missions to address ongoing
affordability concerns and to maximize the achievable science. The new approach to AOS will be a
disaggregated architecture and acquisition approach to increase competitive opportunity and contain
costs, while maintaining critical international partnerships. PMM, the renamed AOS-Storm mission, will
maintain NASA's international contribution commitment to the JAXA PMM and provide continuity of
global precipitation observations. The remainder of the budget from the AOS missions moved to this line
will support the remaining elements of new acquisition approach. NASA will continue the international
partnership with ASI to develop an advanced lidar mission flown on an Italian spacecraft and on an
Italian launch that will make critical aerosol and cloud observations.

The remaining ACCP content will be achieved through a combination of competed and directed
opportunities. Studies underway now will inform the content of these opportunities and approaches to
retain critical science synergies from the disaggregated architecture. In this approach, NASA will provide
competitive opportunities for industry to participate in portfolio content, leverage relevant technologies
available in the private sector, and better retain programmatic content by distributing associated
instrumentation to common platforms.

NASA will also continue Surface Deformation and Change (SDC) studies for a future mission to make
deformation measurements that are a fundamental tool for understanding the dynamics of earthquakes,
volcanoes, landslides, glaciers, ground water, and the deep interior of the Earth. SDC will not move
beyond pre-formulation as NASA will capture and incorporate lessons learned from the NISAR mission.
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Recent Achievements

In FY 2023 the SDC study team completed the down selections to five candidate architectures and have
extensively engaged the science communities including Cryosphere, Ecosystems, Hydrology, and Solid
Earth. The team has also established a joint study with ESA to evaluate a potential future development of
an L-band Synthetic Aperture Radar architecture.

Starting in FY 2024, NASA initiated a low-cost lidar partnership opportunity with ASI. Currently under
study, this is a multi-wavelength lidar instrument that strengthens capability for atmosphere, ocean, and
land lidar measurements.

EARTH SCIENCE PROGRAM MANAGEMENT

The Earth Science Program Management budget supports critical flight project management functions
executed by the ESM program offices at NASA GSFC and JPL. This budget supports:

e The GSFC conjunction assessment risk analysis function, which determines maneuvers required to
avoid potential collisions between spacecraft and to avoid debris.

e The technical and management support for the international Committee on Earth Observation
Satellites, which coordinates civil space-borne observations of Earth.

e Senior Review Board teams, who conduct independent reviews of the various flight projects in Earth
Science.

e Earth Science division communications and public engagement activities.

e Management and infrastructure for the Earth Information Center (EIC). The budget for EIC moves to
the Responsive Science Initiatives Program starting in FY 2025.

Recent Achievements

EIC is a physical and virtual space at NASA HQ where visitors can explore how NASA and its partners
study our home planet. EIC opened in June 2023, hosting dignitaries, student groups, and other visitors.
NASA also developed a second EIC for the National Museum of Natural History, complete with a 30-foot
by nine-foot hyperwall. The EICs showcase large, awe-inspiring visualizations, interactive media, stories,
and narratives that communicate actionable science about Earth’s land, water, atmosphere, and biosphere
to the public. An accompanying interagency website, https://www.earth.gov, launched in November 2023
to deliver critical Earth data directly to people in ways that they can immediately use for their lives and
livelihoods.

PRECIPITATION SCIENCE TEAM

NASA consolidated the Precipitation Science Team project in the ESM Research project starting in
FY 2024.

OCEAN WINDS SCIENCE TEAM (OWST)
NASA consolidated OWST into the new Ocean Measurements Research project starting in FY 2024.
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LAND COVER PROJECT SCIENCE OFFICE (LCPSO)

NASA moved LCPSO to the Crosscutting Activities project in the Responsive Science Initiatives
Program starting in FY 2025.

OCEAN SALINITY SCIENCE TEAM (OSST)
NASA consolidated OSST into the new Ocean Measurements Research project starting in FY 2024.

OceEAN MEASUREMENTS RESEARCH

Ocean Measurements Research combines the Ocean Surface Topography Science Team (OSTST), Ocean
Salinity Science Team (OSST), and Ocean Vector Wind Science Team (OVWST) projects into one.

OSTST uses data from the Ocean Surface Topography Mission, Jason, Sentinal-6 Michael Freilich (S6-
MF), and others to measure global sea surface height and study oceanography, climate science, weather,
and extreme events. The OSTST is the official science team for the Jason and Sentinel-6 missions.

OSST supports the development and construction of surface salinity products from Aquarius, SMAP, and
ESA’s Soil Moisture and Ocean Salinity (SMOS) mission. The team studies upper-ocean processes that
impact variability of sea surface salinity and its role in the Earth’s water cycle, climate variability, and
extreme weather events.

OWST uses data from the Quick Scatterometer (QuikSCAT) satellite, RapidScat instrument, and other
international missions, which measure ocean surface winds by sensing ripples caused by winds at the
ocean’s surface. Scientists use this data to acquire global observations of surface wind velocity each day.

Recent Achievements

S6-MF monitored the development of this year’s El Niflo, capturing bursts of high sea level moving
eastward along the equator and building up warm water in the far eastern Pacific, which typically
precedes an El Nifio event. S6-MF continues to track its development as the event unfolds.

OSST produced a 12-year-long, multi-mission, satellite salinity climate data record to advance research of
ocean physics and ocean-water cycle linkages. OSST members completed a first-of-its-kind field, in-situ
plus airborne campaign in the Arctic Ocean studying the role of summer-time salinity in sea ice edge
advance in the subsequent fall.

OVWST used observations from the recently launched the Compact Ocean Wind Vector Radiometer
(COWVR) and Temporal Experiment for Storms and Tropical Systems (TEMPEST) observatory installed
on ISS to examine connections between surface winds and convective events, such as where surface air
converges to cause upward motion. OVWST also used simultaneous wind and current measurements
from NASA's Sub-Mesoscale Ocean Dynamics Experiment (SMODE) airborne platform to show that
ocean and atmosphere models demonstrate remarkable sensitivity to the multiple aspects of the physics
represented in these models.

EARTH SCIENCE SENIOR REVIEW

Every three years, the Earth Science division conducts a Senior Review to evaluate missions that have
completed, or will soon complete, their prime mission operation phase. The 2023 Senior Review
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concluded in September 2023. Budget for mission extensions after 2026 will depend upon
recommendations by the next Senior Review in 2026.

Recent Achievements

In 2023, the Senior Review evaluated extension proposals for 12 missions. Review results and a final
report were presented to NASA. NASA approved the extension requests and used the panel findings to
formulate mission programmatic direction for the extension period (FY 2024 to FY 2026).

COPERNICUS POLAR ICE AND SNOW TOPOGRAPHY ALTIMETER (CRISTAL)

CRISTAL is a joint ESA-NASA mission based on Sentinel-6 heritage that will measure surface elevation
of glaciers and ice caps, ensuring continuous monitoring of sea ice thickness, snow depth, ice sheet height
change, change in sea level, and ocean circulation. CRISTAL will also address why sea ice of the polar
ocean is shrinking; why sea level is rising; and why the ice sheets of Greenland and Antarctica are losing
mass.

NASA will develop and deliver two Advanced Microwave Radiometer (AMR-CR) instruments to ESA,
one each for the CRISTAL-A and CRISTAL-B spacecrafts. ESA will launch CRISTSAL-A and
CRISTAL-B sequentially no earlier than 2027 and 2030 respectively with overlapping operations.

Recent Achievements

CRISTAL completed a three-year study for potential NASA radiometer contribution, associated
accommodations, and operations support. CRISTAL successfully completed a combined mission concept
review, system requirement review, and mission design review in March 2023. CRISTAL also completed
a successful PDR in October 2023 and entered the final design and fabrication activity phase in December
2023.

Operating Missions

SURFACE WATER AND OCEAN TOPOGRAPHY MIssION (SWOT)

SWOT will make high-resolution measurements of ocean circulation, kinetic energy, and dissipation to
improve ocean circulation models and predictions of weather and climate. SWOT will also measure the
water levels in millions of lakes and water bodies and the discharge of all major rivers to obtain a surface
water inventory on the continents and allow for deeper understanding of the natural water cycle and
improved water management.

SWOT will complement the Jason oceanography missions, as well as Sentinel-6, GPM, SMAP, and
Gravity Recovery and Climate Experiment Follow-On (GRACE-FO). SWOT is an international
collaborative mission with the French space agency Centre National d’Etudes Spatiales (CNES), CSA,
and United Kingdom Space Agency (UKSA).

Recent Achievements

The mission successfully completed its calibration phase in July 2023, enabling the satellite to move into
its final orbit and begin the global science mapping phase.
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Preliminary results have shown that the random noise of the sea surface height measurement exceeds
requirements by a large margin, revealing small-scale variability of sea surface height never observed
from space before. Additionally, the initial hydrology (freshwater) results are meeting/exceeding
expectations and match well with ground-based calibration/validation sites.

LANDSAT 9

The Landsat data series, initiated in 1972, is the longest continuous record of changes in Earth’s surface
as seen from space and the only U.S. satellite system designed and operated to make repeated
observations of the global land surface at moderate resolution. Landsat data is available at no cost to
users, providing a unique resource for people who work in agriculture, geology, forestry, regional
planning, education, mapping, and climate research.

Landsat 9, launched in September 2021, extends the record of multi-spectral, moderate resolution Landsat
quality data and meets operational and scientific requirements for observing land use and land change.
Landsat 9 is a collaboration between NASA and the USGS and is a cornerstone of the SLI effort. Landsat
9 is currently in prime mission operations through December 2026.

Recent Achievements

NASA continued to support Landsat 9 data calibration, validation, and characterization, including
cross-calibration of Landsat 9 and Landsat 8 to ensure a seamless extension of the 50-plus-year Landsat
record.

The Landsat science communication and outreach team supported 23 science conferences and public
events including Landsat’s 50th Celebration at the Pecora conference, two events on Capitol Hill, and the
opening of NASA’s EIC.

STRATOSPHERIC AEROSOL AND GAS EXPERIMENT Il (SAGE-III)

SAGE-III, launched in February 2017, operates on ISS, and provides global, long-term measurements of
key components of Earth’s atmosphere. SAGE-III also provides unique measurements of temperature in
the stratosphere and mesosphere and profiles of trace gases, such as water vapor and nitrogen dioxide,
which play significant roles in atmospheric radiative and chemical processes. These measurements are
vital inputs to the global scientific community for improved understanding of climate and human-induced
ozone trends.

The 2023 Senior Review approved extended mission operations for SAGE III through FY 2026.
Recent Achievements

The project released an additional 12 months of SAGE-III data products for a total of 75 months from the
mission thus far. Data from the Contamination Monitoring Package (CMP) sub-system that records the
external contamination environment at the location of SAGE-III payload on ISS was shared with the ISS
space environment team following recent leaks from visiting vehicles (Soyuz and Progress). This dataset
was instrumental in assessing the impact to and guiding the safe operation of other external payloads
following these contamination events. These unique data are rewriting how the ISS space environment
team models the behavior of contamination that can impact external payloads.
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EARTH FROM ISS

Earth from ISS ensures appropriate processing and availability of data collected by the Land Information
System (LIS) and other ISS instruments. Earth from ISS invests in algorithm development, data
production and distribution, as well as data analysis and modeling for planned ISS Earth science
payloads.

LIS makes space-based global lightning observations to support research of weather and extreme storms,
climate, atmospheric chemistry, and lightning physics. LIS data also helps calibrate and validate the
observations from the Geostationary Lightning Mapper operating on NOAA’s Geostationary Operational
Environmental Satellites (GOES) weather satellites.

In November 2023, LIS was decommissioned and removed from its location due to limited site
availability on ISS.

Recent Achievements

LIS successfully completed six years on orbit in FY 2023. Publication of additional scientific results
occurred in major research journals, including an estimate of global nitrogen oxide production by
lightning.

TOTAL SOLAR IRRADIANCE SENSOR-1 (TSIS-1)

Launched in December 2017, TSIS-1 is providing absolute measurements of total solar irradiance and
spectral solar irradiance which is important for accurate scientific models of climate change and solar
variability, allowing scientists to better understand solar variability at both short and long-time scales.
TSIS-1 was in prime operations through March 2023.

The 2023 Senior Review approved extended mission operations for TSIS-1 through FY 2026.
Recent Achievements

TSIS-1 extended the solar irradiance reference spectrum to a range of 115 nanometers (nm) to 200
micrometers (um), to support applications and research needs from the international science community,
including satellite and ground-based remote sensing and radiative transfer and climate modeling.

SoiL MoISTURE ACTIVE AND PASSIVE (SMAP)

SMAP, launched in January 2015, maps soil moisture with unprecedented accuracy, resolution, and
coverage to improve monitoring and forecasting of water resources and weather. Although SMAP's active
radar instrument failed in July 2015, its radiometer continues to provide global mapping of soil moisture
with accuracy, resolution, and coverage that exceeds the capability of other on-orbit systems.

The 2023 Senior Review approved extended mission operations for SMAP through FY 2026.
Recent Achievements

SMAP is significantly expanding the coverage of global land area where land surface models can be
helpful to water-resource monitoring and forecasting. In FY 2023, over 184 studies using SMAP data
appeared in peer-reviewed scientific journals.

Additionally, the Google Earth Engine, an open-source cloud-computing platform, included the SMAP
soil moisture products. Private sector agriculture companies also used SMAP soil moisture products from
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Google. The United States Department of Agriculture Foreign Agricultural Service used SMAP soil
moisture products from Google in their International Production Assessment system
(https://ipad.fas.usda.gov/). The U.S. Air Force HQ 557th Weather Wing uses information from SMAP in
the Global Hydro-Intelligence system that provides weather forecasts, warnings and advisories for the
Army and Air Force. The 14th Weather Squadron uses this information in war gaming and strategic
planning efforts.

DEEP SPACE CLIMATE OBSERVATORY (DSCOVR)

DSCOVR, launched in February 2015 to an orbit between the Earth and Sun, is a NOAA, The United
States Air Force (USAF), and NASA mission that provides a 45-minute early warning for adverse space
weather events. NASA provided the two Earth-observing instruments, the Earth Polychromatic Imaging
Camera (EPIC) and National Institute of Standards & Technology Advanced Radiometer (NISTAR), to
the DSCOVR satellite. Publicly available EPIC and NISTAR data includes color images of the full sunlit
disk of the Earth; maps of ozone, clouds, acrosols, and vegetation; and measurements of sulfur dioxide
from volcanic eruptions.

The 2023 Senior Review approved extended mission operations for the DSCOVR NASA-provided
instruments through FY 2026.

Recent Achievements

In 2023 NASA recovered the calibration of EPIC and NISTAR after a gyro failure from 2019 to 2020.
DSCOVR also showed that the GISS ModelE2 Global Climate Model overestimates clouds over oceans
and underestimates clouds over land. A unique observation from EPIC showed the seasonal and long-
term variations in leaf area of the Congolese rainforest that is of interest in this era of climate change.

GLOBAL PRECIPITATION MEASUREMENT (GPM)

GPM, launched in February 2014, provides a three-dimensional view of tropical storm structural and
microphysical properties and provides estimates of storm rainfall accumulations for major storm events.
The GPM Microwave Imager (GMI) measures energy from different types of precipitation within clouds
to estimate heavy to light rain and to detect falling snow. The Dual-frequency Precipitation Radar (DPR)
provides three-dimensional information about precipitation particles, including their size distributions and
associated rainfall rates. GPM is a joint mission with JAXA.

The 2023 Senior Review approved extended mission operations for GPM through FY 2026.
Recent Achievements

GPM extended its datasets and research through satellite operations, data processing and delivery, and
science activities. The project’s Mission Operations worked with industry and ISS to coordinate close
approaches between the GPM core observatory and other spacecraft.

The GPM Ground Validation partnered with the Investigation of Microphysics and Precipitation for
Atlantic Coast-Threatening Snowstorms field campaign that studies snowstorms along the U.S. eastern
seaboard. It flew its third field campaign during January 2023 and is assembling datasets that will be
available for the scientific community.
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The GPM held the GPM Mentorship program, which provided background training to 179 participants, as
well as one-on-one mentoring to 34 international students and early-career hydrometeorological
professionals in applying GPM data for real-world research problems.

SuomMi NATIONAL POLAR-ORBITING PARTNERSHIP (Suomi NPP)

Suomi NPP, launched in October 2011 as a partnership between NASA and NOAA, provides visible and
infrared multi-spectral global imagery, atmospheric temperature and moisture profiles, total ozone and
stratospheric ozone profiles, and measurements of Earth’s radiation balance. Suomi NPP products have
provided critical near-real time and continuity data, extending the EOS observation long time-series in
monitoring changes in land, ocean, and atmosphere as well as Earth’s radiation budget. NASA built and
launched Suomi NPP. NOAA operates the spacecraft and instruments.

Suomi NPP is currently in extended operations; a Joint Steering Group meeting with NOAA in early 2024
will confirm plans for the project's future.

Recent Achievements

In FY 2023, the NASA Suomi NPP team continued to add to the existing data records from Earth
Observing System missions, enabling scientists to build multi-satellite, multidecadal (greater than 31
years) time series with high accuracy and long-term stability suitable for studies of Earth systems science.

Suomi NPP products offered near real-time information of smoke loading, active fire, and locations
during the wildfire events over Canada and the U.S. western states in the summer of 2023. These products
helped track and predict the evolutions of the intense smoke plumes that led to hazardous air quality
conditions over major cities in the United States.

In addition, Suomi NPP's nighttime lights product helped to provide disaster response support after the
Tiirkiye/Syria Earthquake in February 2023, the Morocco Earthquake in September 2023, and Hurricane
Idalia in the United States in August 2023.

Suomi NPP observations provide high-resolution land surface temperature information to monitor
extreme heat events in urban areas around the globe. They also provide critical data for detecting and
tracking harmful algal blooms on the West Florida Shelf and impact critical fisheries and human health.

TERRA

Terra, launched in December 1999, is an EOS flagship mission that studies atmospheric composition,
carbon cycle, ecosystems, biogeochemistry, climate variability and change, water and energy cycles, and
weather. Terra has provided over 23 years of continuous data collection and is a joint mission with Japan
and Canada.

Terra is currently in extended operations. The 2023 Senior Review for Operating Missions approved
extended mission operations for Terra with the end of science data acquisition estimated to occur in
FY 2027 due to power limitations as the spacecraft orbit drifts with respect to the Sun.

Recent Achievements

In FY 2023, the Terra mission entered its 24th year of operations. Multiple U.S. and international
agencies used Terra's products for volcanic ash monitoring, weather forecasting, forest fire monitoring,
carbon management, and global crop assessment. Direct broadcast and near-real-time data products from

ES-46



Science: Earth Science: Earth Systematic Missions

OTHER MISSIONS AND DATA ANALYSIS

Terra sensors were especially critical for predictions of local air quality and smoke transport as well as
fire management. Weather prediction models use Terra near real-time products to provide added data for
tropical storms and hurricanes. Terra's five instruments enabled synergistic studies of clouds, aerosols,
and land cover to understand sources and variability of air pollution such as fires and industrial emissions
and increased knowledge and reduced uncertainty in vegetation monitoring.

AQuA

Aqua, launched in May 2002, is an EOS flagship mission that monitors atmospheric, land, ocean, and ice
properties. The Aqua Earth observing instruments that continue to operate —AIRS, Advanced Microwave
Sounding Unit (AMSU), CERES, and Moderate Resolution Imaging Spectroradiometer (MODIS) —
provide data to federal agencies and the science community for research and applications ranging from
improved weather forecasting to monitoring forest fires, crop yields, volcanic ash plumes, and
ice-infested waters. Aqua is a joint mission with Japan and Brazil.

Aqua is currently in extended operations. The 2023 Senior Review for Operating Missions approved
extended mission operations for Aqua with the end of science data acquisition estimated to occur in
FY 2026 due to power limitations as the spacecraft orbit drifts with respect to the Sun.

Recent Achievements

During FY 2023, researchers used Aqua data for a variety of investigations including: AIRS data were
used to show the Arctic is becoming progressively warmer and wetter and also that methane is increasing
in the mid-upper troposphere; CERES data were used to show that Earth has a stabilizing feedback only
via thermal infrared radiation and not for absorbed solar radiation, allowing the heat due to the latter to
accumulate; and MODIS data were used to show that ship fuel regulations have led to global reductions
in visible ship emission signatures on clouds called “ship tracks”, that the color of the global oceans is
becoming greener due to more phytoplankton, and that cropland expansion may not be the primary driver
of reductions in global burned area and fire activity.

In late FY 2023 Aqua reduced the number of operations personnel in half by limiting in-person operations
coverage to only daytime hours. This cut costs with only a modest reduction in data capture.

Throughout FY 2023, Aqua data and imagery monitored major environmental events around the world,
such as wildfires in Canada, southeastern Australia, and eastern Russia; typhoon Lan lashing Japan; the
rapid growth of hurricane Hillary affecting California; flooding along Australia’s Fitzroy River; the
massive seaweed bloom in the Atlantic; and the atmospheric rivers that battered California in early 2023.
The Aqua Mission team received USGS’s prestigious Pecora Group Award “for its significant
contributions to scientific studies of the Earth over two decades and related applications.”

AURA

Aura, launched in July 2004, is an EOS flagship mission that measures atmospheric chemical
composition, tropospheric/stratospheric exchange of energy and chemicals, and chemistry-climate
interactions to understand changes in the Earth's radiation balance, air quality, and the ozone layer. Two
of Aura’s four instruments are operational: the Microwave Limb Sounder and the Ozone Monitoring
Instrument. Aura is a joint mission with the Netherlands, Finland, and the United Kingdom.
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Aura is currently in extended operations. The 2023 Senior Review for Operating Missions approved
extended mission operations for Aura with the end of science data acquisition estimated to occur in
FY 2025 due to power limitations as the spacecraft orbit drifts with respect to the Sun.

Recent Achievements

More than 19 years into its mission, Aura continued to provide data for scientific research and societal
benefit in FY 2023. By monitoring the products of fossil fuel burning, Aura data helped to assess
economic activity worldwide (including in countries without reliable economic data) and to assess the
effectiveness of pollutant emission controls. Climate scientists used Aura data to quantify volcanic
emissions effects on the stratosphere. Volcanologists used these measurements to understand long-term
changes in global volcanic processes.

This year, the Aura team led efforts to quantify the 2022 Hunga Tonga-Hunga Ha'apai undersea volcanic
eruption’s effects on Earth’s ozone layer. Aura data showed that in the months following the eruption,
enhanced aerosol and water vapor from the volcanic plume promoted conversion of now-banned
industrially produced compounds into forms that cause ozone destruction. Although the Aura team did
not observe appreciable ozone loss at the latitudes of the eruption or the 2022 Antarctic ozone hole, the
team is studying its effects on the 2023 Antarctic ozone hole.

ICE, CLOUD, AND LAND ELEVATION SATELLITE (ICESAT-2)

ICESat-2, launched in September 2018, measures global elevation to determine sea ice thickness and ice
sheet mass change. It also provides topography and vegetation data around the globe, supporting
estimates of biomass and carbon in aboveground vegetation, measurements of ocean topography, inland
water body elevation, and cloud properties. ICESat-2 has one instrument, the Advanced Topographic
Laser Altimeter System, which measures the round-trip time of laser light from the observatory to Earth
and back as the basis for the mission’s elevation measurements.

The 2023 Senior Review approved extended mission operations for ICESat-2 through FY 2026.
Recent Achievements

ICESat-2 continues to operate nominally, measuring the record low minimum and maximum extents of
Antarctic Sea ice observed in 2023. Rapid release data products from the mission assisted icebreaker
navigation through sea ice covered regions of Antarctica in December 2022. In conjunction with ESA’s
CryoSat-2 mission, the Cryo2 Ice campaign maintained an orbital alignment with [CESat-2 that is
allowing for cross-cutting measurements of ice change with new joint NASA and ESA data products
expected in 2024.

Analysis shows that the green laser light of ICESat-2 can penetrate up to 15 meters (i.e., nearly 50 feet) of
water, enabling shallow water bathymetry (i.e., the measurement of depth of water in oceans, seas, or
lakes). Work is progressing on a new on-demand mission bathymetry data product.

To date, over 6,892 users have downloaded over 38.2 million IceSat-2 data files spanning 19 data
products and yielding more than 366 peer-reviewed publications in the scientific literature. As the
ICESat-2 data volume continues to grow, the ICESat-2 project has developed tools for cloud-based data
access and analysis and sponsored several workshops dedicated to introducing users to these new tools.
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OTHER MISSIONS AND DATA ANALYSIS

GRAVITY RECOVERY AND CLIMATE EXPERIMENT FOLLOW-ON (GRACE-FO)

GRACE-FO, launched in May 2018, provides mass change observations and high-resolution global
models of Earth’s gravity field, allowing scientists to gain new insights into the dynamic processes of
Earth’s water cycle. GRACE-FO also maps large earthquakes and tectonic processes. GRACE-FO data is
vital to ensuring there is a minimal gap in mass change measurements following the decommissioning of
the original GRACE mission in 2017. GRACE-FO is a partnership with the German Research Center for
Geosciences and was in prime mission operations through May 2023.

The 2023 Senior Review approved extended mission operations for GRACE-FO through FY 2026.
Recent Achievements

GRACE-FO data feeds into several climate indicators of NASA’s Vital Signs of the Planet Web site as
well as into the U.S. Drought Monitor to assess the current state of drought, and to generate seasonal
forecasts of groundwater and soil moisture for the contiguous United States. GRACE-FO observations
accurately measured the massive increase of water stored in California’s snowpack and freshwater
reservoirs during the exceptionally wet 2022/2023 winter and is now providing vital data points for
groundwater recharge over California’s Central Valley aquifer system. Globally, the long-term data
record provided unique insights into increasing drought and flood events as the water cycle intensifies in a
warmer climate.

During 2023, GRACE-FO also made progress to mitigate the risks associated with the increasing
intensity of the 11-year solar cycle and its aging flight systems.
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EARTH SYSTEM EXPLORERS

FY 2025 Budget

Op Plan
Budget Authority (in $ millions)

FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029

CR Request

Total Budget 2.5

- 19.6 59.0 99.5 130.6 194.7

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

NASA'’s Earth System Explorers (ESE) program
provides competitive opportunities for
medium-sized instruments and missions that
address specific science and application needs
identified in the 2017 National Academies’ report,
"Thriving on Our Changing Planet: A Decadal
Strategy for Earth Observation from Space."

These Principal Investigator-led projects will
employ innovative, streamlined, and efficient
management approaches to constrain design,
development, and operations costs. Distinct from
Earth Venture (EV) instruments and missions,
Earth System Explorers will focus on one or more
of the seven identified targeted observables
important to our understanding of Earth system
science:

atmospheric winds;

greenhouse gases;

ice elevation;

ocean surface winds and currents;

ozone and trace gases;

snow depth and snow water equivalent; and
terrestrial ecosystem structure.

NASA's Earth System Explorers will continue the
tradition of the first U.S. satellite Explorer 1 (illustrated
above), which was launched in 1958.

The cost cap is set at $320 million (in FY 2024 dollars) excluding the cost of standard launch vehicle

services.

EXPLANATION OF MAJOR CHANGES IN FY 2025

In this budget request, NASA integrated and updated ESE mission cadence with EV to balance large,
medium, and small EV and ESE opportunities. This budget request changes the cadence for releasing an
ESE announcement of opportunity (AO) from every two years to twice a decade (2023 and 2029), with up

to two selections made against each AO.
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ACHIEVEMENTS IN FY 2023

The ESE Program Office successfully completed the system requirements review/system definition
review held in March 2023.

NASA released the final version of the first ESE AO in Q3 FY 2023 and received responses in
Q4 FY 2023. NASA expects the first ESE launch no later than spring 2030.

WORK IN PROGRESS IN FY 2024
NASA plans to make selections for competitive Phase A studies in Q3 FY 2024.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

NASA plans to make final mission selections in Q4 FY 2025. Missions selected to continue will proceed
to Phase B formulation activities.

Program Elements

EARTH SYSTEM EXPLORERS FUTURE MISSIONS

Earth System Explorers Future Mission funding supports the selection of new missions through AO
solicitations every three years, beginning in 2029, which will support the goal of launching three missions
within a decade. This funding supports proposals selected during Step 1 of the proposal process with
conducting Phase A formulation studies. Selected proposals will move to Step 2 for full mission
implementation.

EARTH SYSTEM EXPLORERS PROGRAM MANAGEMENT

ESE Program Management provides funding for the ESE Program Office, development of AO
solicitations, and the technical, management, and cost evaluations of proposals received in response to the
AO solicitations. It also supports the management of missions conducting formulation studies and
missions in implementation (per the two-step selection process).

Program Schedule

Date Significant Event

Q3 FY 2024 Selection of candidates to move into Step 1 within nine months of receipt of proposals

Q4 FY 2025 Select proposals for Step 2

Q3 FY 2029 AO Release
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Program Management & Commitments

Program Element Provider

Provider: GSFC

Lead Center: GSFC
Performing Center(s): TBD
Cost Share Partner(s): TBD

ESE Program Management

Acquisition Strateqy

NASA will select all ESEs through full and open competition using a two-step proposal process.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

None.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 55.0 -- 167.7 173.9 176.4 177.9 179.5

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Responsive Science Initiatives (RSI) includes projects that
connect user needs with NASA remote sensing observations
and Earth system science. RSI encourages synergies
amongst projects, providing focused support for
user-centered research activities and attending to the
complex managerial requirements and stakeholder
arrangements of projects that involve other agencies or
commercial satellite data.

RSI is currently comprised of six major projects:
Crosscutting Activities, Interagency Satellite Observation
Needs (ISON), Agriculture, Wildland Fires, Responsive
Science Research (RSR), and Commercial SmallSat Data
Acquisition (CSDA).

EXPLANATION OF MAJOR CHANGES IN
FY 2025

NASA FireSense project partnered with the NASA established RSI as a new program in Earth Science

U.S. Forest Service (USFS) for a fall in this budget request. With the exception of Responsive
prescribed burn, pictured here in October Science Research (RSR), all of the RSI projects or activities
2023. USFS conducts prescribed burns contained therein existed elsewhere in the Earth Science
biannually for ecosystem restoration and to Division's budget prior to FY 2025. Some of the projects
reduce hazardous fire fuels. USFS and represent combinations of related activities budgeted in
NASA collect data at these burns to help different programs but unified under RSI.

improve models of fire and smoke behavior.

This budget request includes an additional $8 million above
the FY 2023 enacted level to support data needs of other
agencies, identified through the U.S. Group on Earth Observations Satellite Needs survey process, and
enables the Greenhouse Gas Center to support new use cases and measurement, data validation, and/or
standards efforts aligned with the goals of the National Strategy to Advance an Integrated U.S.
Greenhouse Gas measurement, Monitoring and Information System.

In FY 2025, the following elements move in their entirety from other Earth Science programs to RSI:
Agriculture, the Health and Air Quality Science Team (HAQAST), and the Western Water Applications
Office (WWAO) from Applied Sciences (HAQAST and WWAO become components of the Crosscutting
Activities project); ISON (which houses NASA's response to the U.S. Group on Earth Observations
Satellite Needs Working Group) and CSDA from Earth Science Data System (ESDS); short-term
Prediction Research and Transition (SPoRT) center, the Climate Adaptation Science Investigators
(CASI), and the Goddard Institute for Space Science's (GISS) Climate Impacts Group from R&A; and the
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Landcover Project Science Office from Earth Systematic Missions. In addition, in FY 2025, the following
elements coalesce from multiple programs across Earth science to RSI: wildland fires (including
Wildland Fire Applications, FireSense and FireTech); efforts included in the GHG Center; the Earth
Information System (EIS), NASA Earth eXchange (NEX); Global Partnerships; and the Earth
Information Center (EIC).

ACHIEVEMENTS IN FY 2023

NASA's Agriculture project established a new domestic consortium, A Climate Resilient Ecosystem
Approach in March 2023. Additionally, Harvest, NASA's consortium on global food security, worked in
partnership with the Ukraine Ministry of Agriculture to provide wheat production estimates over the
Russian occupied territories using remote sensing techniques. The Ukrainian government used these
estimates to inform their decision to not put in place a wheat export ban in 2022, which impacted global
food availability assessments and pricings.

HAQAST continued to engage hundreds of stakeholders across environmental health and air quality
communities to utilize NASA data and tools for societal benefit. The first round of short-term, high-
impact joint efforts between HAQAST members and stakeholders concluded with advancements in the
use of satellite data for environmental justice, assimilation of new geostationary satellite data into the
Environmental Protection Agency's (EPA's) AirNow system, and enhancements in stakeholder access and
utilization of data products.

The CSDA project completed the one-year scientific evaluation of "On-ramp #2" vendors. SMD is
currently finalizing a summary report based on these findings and recommendations. In addition, the
project competitively selected Principal Investigators via NASA ROSES 22 to evaluate the data utility for
longer term purchase. The purchase of commercial satellite data augments or compliments the suite of
Earth observations acquired by NASA, other U.S. government agencies, and international partners.

The SpoRT project deployed products related to lightning and convection, tropical cyclones, drought
monitoring, and flood forecasting. SpoRT continued development on three artificial intelligence products
related to dust storms, lightning risk, and flooding.

The EIS team developed multi-mission synthesis of the terrestrial water cycle to support several
stakeholders including the World Meteorological Organization, U.S. Fish and Wildlife Service, EPA, The
Nature Conservancy, and the Bangladesh Water Development Board.

EIC, a physical and virtual space where visitors can explore how NASA and its interagency partners
study our home planet, opened to the public at NASA HQ in June 2023. The EIC showcases
awe-inspiring visualizations, interactive media, stories, and narratives that communicate actionable
science about Earth’s land, water, atmosphere, and biosphere to the general public.

The Wildland Fires effort completed the first full year of funding a portfolio of activities. Several
activities provided direct support to wildfire management practitioners (e.g., Truckee Fire Department,
U.S. Forest Service, Burned Area Emergency Response rehabilitation teams, and other Department of the
Interior agencies), including a rapid response support tool for the Lahaina, HI fires in August 2023.

The CASI Workgroup, in close collaboration with NASA's Office of Strategic Infrastructure, studied
downscaled climate projections and their impacts on NASA facilities, workforce, and local and regional
environments to help NASA facilities managers adapt to increasing climate risks.

The Synthesis Report of the IPCC Sixth Assessment Report featured the work of the Climate Impacts
Group (CIG). The Agricultural Model Intercomparison and Improvement Project (AgMIP) hosted a
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Global Workshop in June 2023, with more than 200 people from 44 countries. Hosted by CIG, the Urban
Climate Change Research Network contributed to a Massive Open Online Course, with over
1,700 students enrolled.

WORK IN PROGRESS IN FY 2024

HAQAST will see results from the second round of short-term tasks on topics including reducing
uncertainty in regional air quality modeling, oil and gas emissions, environmental justice, and supporting
Tropospheric Emissions: Monitoring of Pollution (TEMPO) applications for surface ozone.

NASA, along with its implementing partners EPA, NOAA and the National Institute of Standards and
Technology (NIST), will have a “soft launch” of the U.S. GHG Center. In its initial (i.e., prototype)
phase, the U.S. GHG Center is a partnership of federal agencies with a virtual portal. The beta portal
release will occur in FY 2024. The initial demonstration areas leveraged to prototype the U.S. GHG
Center are: 1) providing more accessible anthropogenic emission inventories; 2) improving understanding
of natural sources and sinks of methane and carbon dioxide; and 3) demonstrating the ability to reliably
observe and estimate point source GHG emissions.

The CSDA project is finalizing the long-term data preservation processes for the commercial data
acquired by NASA for ingest, archive, catalog, and distribution of the purchased commercial data. NASA
also expects completion of the one-year scientific evaluations of the "on-ramp #3" vendors’ commercial
data. The CSDA five year Multiple-Award Indefinite Delivery Indefinite Quantity (IDIQ) contract with
firm-fixed task orders will be in place to continue the project objectives to support NASA's Earth science
research and applications activities.

The Satellite Needs Working Group (SNWG) Management Office at MSFC is overseeing the
formulation, implementation, and operation of products and activities based on solutions identified in the
SNWG-2016, 2018, and 2020 assessment cycles. The SNWG-2024 assessment cycle will commence and
NASA, USGS, and NOAA will begin an in-depth evaluation process of agency satellite data needs
identified through a survey conducted by the U.S. Group on Earth Observations.

SPoRT will continue to develop value added products related to weather forecasting, water resources, and
air quality, with a focus on artificial intelligence. SPoRT will continue to provide NASA value added
datasets in real-time to partners, NASA centers, and NASA programs.

NEX will continue to engage with the scientific community to evaluate, compare, and improve statistical
downscaling of climate projections, with emphasis on use of NASA data and models to improve
resilience.

The EIS team will develop a high-resolution land analysis environment of North America to support
downstream applications related to improved drought monitoring, water resource management, water
quality forecasting, and hydrometeorological prediction.

The Wildland Fires team will work with stakeholders to provide useful NASA data, models, and tools by
hosting focused science-user group workshops. The team will focus on the critical stakeholder needs to
ensure future funding solicitations are prioritizing the crucial gaps in wildfire knowledge. The FireSense
effort will work with agency wildland fire management partners, including the U.S. Forest Service, to
execute an airborne campaign over prescribed fires and wildfires.

AgMIP will spearhead the design of the Virtual Agricultural Innovations Laboratory with the lowa Corn
Growers Association. The prototype is a digital twin for lowa agriculture that utilizes remote sensing
data, field observations, crop modeling, and machine learning.
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KEY ACHIEVEMENTS PLANNED FOR FY 2025
The Responsive Science Research project will begin in FY 2025 and release its first solicitation.

Within the Crosscutting Activities project, multiple efforts will increase the uptake of the latest Earth
science research by key stakeholders. In FY 2025, following the completion of needs assessments for
each western U.S. water basin, the Western Water Applications Office will establish a liaison and provide
support services for water managers, utilizing freshwater data from Earth observations at the basin, state,
and local scales. NASA's CASI team will continue to integrate climate science from the Earth Science
Division with requirements, master plans, and projects of the Office of Strategic Infrastructure. The EIS
team will develop a high-resolution soil moisture monitoring system for agricultural production over the
continental United States, leveraging current and upcoming missions. The U.S. GHG Center will develop
practices for refining and disseminating information with mature datasets and modeling capabilities.
Additionally, the center will continue to solicit user needs and develop a process for evaluating and
integrating new data and capabilities.

In FY 2025, the ISON project anticipates continued operation and implementation of the successful
solutions identified in the SNWG 2016-2020 assessment cycles with several activities becoming
operational. Successful solutions from SNWG 2022 will be in either formulation or implementation.
SNWG-2024, the 5th Assessment, will conclude and NASA will present the findings to the U.S. Group
on Earth Observations (USGEQ) and other federal stakeholders.

The CSDA five year Multiple-Award IDIQ contract with firm-fixed task orders will be in place to
continue the project objectives of identifying, evaluating, and acquiring data from commercial sources to
support NASA's Earth science research and applications activities. The IDIQ contract is the next on-ramp
opportunity for new companies and for sustained CSDA vendors. CSDA will continue to support the
ISON project during their assessment of SNWG-generated commercial data requests.

Within the Agriculture project, NASA Harvest will complete a standing system and methodology in

FY 2025, based on the Ukraine food supply assessment processes, for Rapid Action for Agriculture
Policy. This system will deliver actionable agriculture assessments in the face of natural and man-made
food supply disruptions. The NASA A Climate Resilient Ecosystem Approach (ACRES) Consortium will
establish Essential Agriculture Variables from Earth observations such as crop residue and tillage
mapping, which the agriculture community will use as science-based measurements for climate-smart
measurements and policy in FY 2025.

Within the Wildland Fires project, the current round of activities in the Applied Sciences Wildland Fires
portfolio will finish in FY 2025. The Wildland Fires project will focus on funding a new round of
research and activities based on identified stakeholder needs. The project will work with agencies, states,
and communities to provide useful NASA data, models, and tools (in response to guiding workshops) that
focus on communicating; guiding; and transitioning science, tools, and models to operational agencies
and communities. This will enhance NASA’s usefulness to communities as fire response becomes
increasingly challenging.
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Program Elements

RESPONSIVE SCIENCE RESEARCH

The RSR project sponsors interdisciplinary research driven by user needs of NASA's remote sensing and
Earth system science. Outcomes address societal challenges and support decision-making by
policymakers, governmental organizations, private sector, or the general public. Theme areas are
determined by considering emerging questions from NASA's other projects and programs in applied
sciences, mission outcomes, recent results, and community reports and other feedback to NASA. The
project generally competes individual awards through NASA ROSES, but also involves directed support
to NASA centers.

CROSSCUTTING ACTIVITIES

The Crosscutting Activities project brings recent developments from NASA's efforts in research and
remote sensing to federal and state agencies, the private sector, the public, and other partners. Activities
are crosscutting in two ways: they build on outcomes from across the Earth Science Division (ESD),
including the R&A element and the RSR project; and/or they combine results and data from across the
federal government to offer a complete view of an aspect of Earth science.

CA's primary goals are to develop and support products and tools that meet user-determined needs.
Examples include weather forecast improvements for NOAA, West Nile virus spreading projections for
state public health officials, and numerical models of Earth systems to support construction standards.
This project also accelerates the uptake of Earth science and improves accessibility to data and tools
through development of portals such as the Earth Information Center and the U.S. GHG Center. Both of
these portals are interagency collaborations which aim to put relevant information in the hands of users,
including federal agency partners, local and state decisionmakers, and the general public.

The U.S. GHG Center provides GHG data through a web portal to inform climate action for a range of
stakeholders. The center involves partnerships with the EPA, NOAA, and NIST, each of which provide
critical contributions to the portal, located at https://earth.gov/ghgcenter. NASA provides satellite and
aircraft data, modeling capabilities, and leads portal development and operation. The center activities
serve as a focal point of collaboration with networks of stakeholders and users, including those from
federal agencies, the private sector, and international and intergovernmental entities. By managing these
efforts collectively, the Crosscutting Activities project encourages efficiencies in management and
implementation. Lessons learned, external partnerships, and other synergies can be capitalized on to
increase NASA's overall impact.

INTERAGENCY SATELLITE OBSERVATION NEEDS

The ISON project supports NASA's participation in the U.S. Group on Earth Observation’s Satellite
Needs Working Group, which identifies high priority, sustained, and unmet needs for satellite Earth
observation. The SNWG conducts a biennial survey of federal civil agencies to formally document and
communicate satellite Earth-observing needs to NASA. Through the ISON project, NASA, in partnership
with USGS and NOAA, assesses each submitted satellite need, and proposes potential solutions that help
satisfy the agencies’ observational needs. The ISON project’s analysis of other agency observational
needs and recommendations of potential solutions inform agency planning and budgeting. The ISON
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project also oversees the implementation of the solutions. Examples of solutions that have been
successfully implemented include enhanced data acquisition and data downlink capability for the NISAR
mission and products that combine data from multiple satellites to meet the data needs of multiple
agencies.

AGRICULTURE

The Agriculture project promotes the use of Earth observations for understanding the functioning and
resilience of food systems. The area supports multi-organizational consortia to enhance domestic
productivity, international food security, and improved agricultural practices, especially for economic
progress and humanitarian pursuits. The Agriculture project comprises two consortia: NASA Harvest,
focusing on global food security issues, and NASA ACRES, focusing on domestic agricultural needs.
ACRES is NASA's first consortium that focuses on domestic agriculture and bridges the gap from
space-to-farm and workforce-to-impact together with U.S. farmers, ranchers, and other agrifood system
decision makers who address the most pressing challenges to sustainable, productive, and resilient
agriculture, both today and into the next generation. NASA’s Harvest and ACRES agriculture consortia
focus on applying satellite Earth observation information to the most pressing agricultural and food
security challenges facing U.S. farmers and the global agriculture community. These consortia bring
public and private sectors together to enable flexible partnerships that enable rapid delivery of Earth
observation solutions to agriculture decision makers.

WILDLAND FIRES

The Wildland Fires project supports the improved prediction, management, and mitigation of overall
impacts of wildfires within the United States and around the world. Activities include developing and
transitioning research, technology, and applications to operational fire management agencies and
organizations in the United States and across the globe. This project focuses on four functional themes:
improved forecasting and mitigating pre-fire risk; improved detection and monitoring of active fires;
improved prediction of post-fire hazards, including landslides; and air quality impacts.

COMMERCIAL SMALLSAT DATA ACQUISITION

The CSDA project identifies, evaluates, and acquires data from commercial sources to support NASA's
Earth science research and applications activities. This will provide a cost-effective means to augment
and/or complement the suite of Earth observations acquired by NASA and other U.S. government
agencies, as well as those acquired by international partners and made available to NASA and its
stakeholders.
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Program Schedule

Date Significant Event

QI FY 2024 ROSES-2023 selections within six to nine months of receipt of proposals
Q2 FY 2024 ROSES-2024 solicitation release

Q1 FY 2025 ROSES-2024 selections within six to nine months of receipt of proposals
Q2 FY 2025 ROSES-2025 solicitation release

Q1 FY 2026 ROSES-2025 selections within six to nine months of receipt of proposals
Q2 FY 2026 ROSES-2026 solicitation release

QI FY 2027 ROSES-2026 selections within six to nine months of receipt of proposals
Q2 FY 2027 ROSES-2027 solicitation release

QI FY 2028 ROSES-2027 selections within six to nine months of receipt of proposals
Q2 FY 2028 ROSES-2028 solicitation release

Q1 FY 2029 ROSES-2028 selections within six to nine months of receipt of proposals
Q2 FY 2029 ROSES-2029 solicitation release

Program Management & Commitments

Program Element

Provider

Crosscutting Activities

Provider: Various

Lead Center: HQ

Performing Center(s): ARC, GSFC, JPL, LaRC, MSFC
Cost Share Partner(s): None

ISON

Provider: Various

Lead Center: HQ

Performing Center(s): ARC, GSFC, JPL, LaRC, MSFC
Cost Share Partner(s): None

Agriculture

Provider: HQ

Lead Center: HQ

Performing Center(s): ARC, GSFC, MSFC

Cost Share Partner(s): USDA, USAID, BMGF, ESA, Swiss Re

Wildland Fires

Provider: Various

Lead Center: HQ

Performing Center(s): ARC, GSFC, JPL, LaRC, MSFC
Cost Share Partner(s): None
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Provider: HQ

Lead Center: HQ

Performing Center(s): ARC, GSFC, JPL, LaRC, MSFC
Cost Share Partner(s): None

Responsive Science Research

Provider: Various

Lead Center: GSFC

Performing Center(s): GSFC, JPL, MSFC
Cost Share Partner(s): None

CSDA

Acquisition Strateqy

NASA bases the Earth Science Responsive Science Initiative acquisitions on full and open competition to
the greatest extent possible. Approximately one quarter of the portfolio is directed rather than competed.
Grants are peer reviewed and selected based on NASA research announcements and other related
announcements. NASA may acquire certain research, instruments, or services without competition if
there is a clear scientific, technological, or programmatic benefit to NASA.

MAJOR CONTRACTS/AWARDS

CSDA IDIQ vendors per awarded task orders Various (vendor location)

SNWG University of Maryland Maryland

INDEPENDENT REVIEWS

Earth Science Advisory
Relevance Committee and Applied Sciences Spring 2024 TBD

Discuss Earth Science

Advisory Committee to Action Strategy
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY 2028 FY 2029
Venture Class Missions 161.2 -- 200.4 205.0 181.5 201.9 283.3
Other Missions and Data Analysis 70.9 -- 51.3 41.0 20.6 23.1 25.6
Total Budget 2321 - 251.7 246.0 202.1 225.0 308.9

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Earth System Science Pathfinder (ESSP) program S diave TRORGS I SRS AACNT OGRS
provides regular opportunities for competitively selected 9 '

low-cost and targeted Earth science investigations that
accommodate new and emerging scientific priorities and
measurement capabilities. Principal investigators lead
these focused projects that contribute to studies of the
atmosphere, oceans, land surface, polar ice regions, or
solid Earth.
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ESSP projects include space missions, remote sensing
instruments for space-based missions of opportunity, and
extended duration airborne-science missions. The ESSP
program also supports the conduct of science research
utilizing data from these missions. ESSP projects may
involve partnerships with other U.S. agencies and/or
international organizations. This portfolio of missions
and investigations provides opportunity for investment in
innovative Earth science that enhances NASA’s
capability for better understanding the current state of the
Earth system.

140

8

140 E 142 E

The Time-Resolved Observations of
Precipitation Structure and Storm Intensity
With a Constellation of Smallsats (TROPICS)
constellation satellite took this image of Super
EXPLANATION OF MAJOR CHANGES IN Typhoon Bolaven, which reached peak intensity
FY 2025 on October 12, 2023, with wind speeds of
approximately 180 miles per hour.

NASA selected the Polarized Submillimeter Ice-cloud
Radiometer (PolSIR) mission from the Earth Venture Instrument 6 AO. This budget supports updated
instrument and science cost and schedule estimates for Geosynchronous Littoral Imaging and Monitoring
Radiometer (GLIMR) as the project entered the final design and fabrication phase, after a successful KDP
Review-C in March 2023.

NASA consolidated funding for extended mission operations in the Venture Class Future Missions
project to hold future funding for Senior Reviews for ESSP mission extensions after 2026.

This budget request aligns with the updated Earth Venture Announcement of Opportunities (AO) cadence
which will balance large, medium, and small (SmallSat/CubeSat) opportunities. Please see the Venture
Class Missions section for more information.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 161.2 -- 200.4 205.0 181.5 201.9 283.3

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

NASA'’s Earth Venture Class Missions provide frequent
flight opportunities for high-quality, low-cost Earth science
investigations that can be developed and flown in five
years or less. NASA selects the investigations through
open competitions to ensure broad community involvement
and encourages innovative approaches. Successful
investigations enhance our capability to understand the
current state of the Earth system and enable continual
improvement in the prediction of future changes.
Solicitations include both space-borne and
airborne/suborbital opportunities.

This image shows nitrogen dioxide levels over
the DC/Philadelphia/New York region at
12:14 p.m. on August 2, 2023, as measured by
NASA established Venture Class Missions in response to TEMPO for hourly air quality at the
recommendations in the 2007 National Academies’ report, neighborhood scale.

"Earth Science and Applications from Space: National
Imperatives for the Next Decade and Beyond." The 2017
National Academies’ report, "Thriving on Our Changing Planet: A Decadal Strategy for Earth
Observation from Space," also endorsed the Venture Class Missions.

All Earth Venture-class missions and instruments are cost and schedule constrained and openly competed.
Adherence to cost caps and schedule constraints is critical to the success of the Earth Venture Program to
ensure availability of funding for frequent solicitations and programmatic flexibility and responsiveness.
Earth Venture missions complement the directed elements of NASA’s Earth Science Program, enabling
more frequent launch opportunities and demonstration of innovative ideas and higher-risk technologies
outside of Earth Systematic class missions.

Earth Venture Class Missions include the following components:

e Earth Venture Suborbital (EVS) investigations support suborbital-science investigations. NASA
releases EVS solicitations every four years and selects multiple investigations within each call,
individually cost-capped at no more than $30 million.

e Small Earth Venture (S-EV)/Medium Earth Venture (M-EV)/Large Earth Venture (L-EV) are
missions of opportunity that can be hosted on space-borne platforms, be small space-based missions,
or will fly on-orbit demonstrations. The updated cadence of solicitations will begin in FY 2026 for
every two years. The size of Earth Venture opportunities will vary and will be based on budget
availability. The average costs for different Earth Venture Class are: $150 million for S-EV,
$250 million for M-EV, and $300 million for L-EV. Costs are inclusive of Principal Investigators
(PI)-managed mission cost, access to space, and accommodations.
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EXPLANATION OF MAJOR CHANGES IN FY 2025

Earth Venture has renamed Earth Venture Instruments (EVI), Earth Venture Continuity (EVC), and Earth
Venture Missions (EVM) to Small, Medium, and Large EVM. Consistent with the National Academy of
Sciences, Engineering, and Medicine (NASEM) recommendation to "consider discontinuing the
distinction between EV Mission and EV Instrument proposals," NASA updated the EV AO cadence to
balance large, medium, and small (SmallSat/CubeSat) opportunities while keeping EV opportunities
stable. The planned Earth Venture Announcement of Opportunity (AO) in 2026 will address the ACCP
designated observables.

Program Element

VENTURE CLASS FUTURE MISSIONS

Earth Venture Class Future Mission funding supports the selection of new missions through AO
solicitations at intervals of every two years for Small-EV, Medium-EV, and Large-EV, beginning in
FY 2026. The planned Earth Venture AO in 2026 will address the ACCP designated observables. EVS
maintains a four-year cadence for AO solicitations. The project also contains the budget for extended
missions.

Planned Future Achievements
NASA is currently evaluating proposals for EVS-4 and expects selections in the winter of 2024.

NASA will conduct the next Senior Review in the Spring of 2026 to determine mission extensions for
FY 2027 through FY 2029.

CYCLONE GLOBAL NAVIGATION SATELLITE SYSTEM (CYGNSS) (EVM-1,
SELECTED IN 2012)

CYGNSS data enables scientists to probe from space key air-sea interaction processes that take place near
the inner core of storms and play large roles in the genesis and intensification of hurricanes. The
CYGNSS measurements provide information to the hurricane forecast community and seek to improve
models to predict the strength of hurricanes as they develop. CYGNSS also makes measurements over
land that scientists use to image flood inundation, wetland extent, and surface soil moisture.

CYGNSS’s eight micro-satellite observatories receive both direct and reflected signals from Global
Positioning System (GPS) satellites. The direct GPS signals pinpoint CY GNSS observatory positions and
track fluctuations in GPS power, while the reflected signals are indicative of ocean surface roughness.
Scientists use both measurements to derive the critical measurement of wind speed over ocean and water
properties over land. CYGNSS launched in December 2016 and entered its extended mission phase in
March 2019. The 2023 Senior Review for Operating Missions approved extended mission operations for
CYGNSS through FY 2026.

Recent Achievements

The CYGNSS project developed a new version of an engineering data product which improved the
science instrument calibration, resulting in more accurate windspeed measurements over oceans and more
accurate soil moisture measurements over land.
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The Rongowai-sustained airborne campaign in partnership with the New Zealand Space Agency supports
validation of CYGNSS soil moisture and flood inundation products. Rongowai is an autonomous
CYGNSS-like sensor installed on an Air New Zealand commercial aircraft which takes data continuously
when airborne and provides extensive underflight validation of CYGNSS observations. A citizen science
company which collected in-situ water samples during an 8§9-day South Indian Ocean passage from
Australia to Africa is helping with validation of the CYGNSS ocean microplastic product. The CYGNSS
project team are analyzing these water samples for surfactant concentration levels and will then compare
those with CYGNSS observations.

Planned Future Achievements

The CYGNSS project will complete production of a near real-time version of its high wind speed data
product and work with forecast personnel in the National Hurricane Center (NHC) and Joint Typhoon
Warning Center (JTWC) operational centers to evaluate its use by them. Additionally, the CYGNSS
project will support an Observing System Experiment conducted jointly by the European Organisation for
the Exploitation of Meteorological Satellites (EUMETSAT) and United Kingdom (UK) Met Office to
assess the potential impact to their operational weather forecasting capabilities of assimilating ocean wind
speed and soil moisture measurements made by CYGNSS and other, newer, missions which use the
remote sensing technique pioneered by CYGNSS.

The budget request includes extended mission operations for CYGNSS through FY 2027.

TROPOSPHERIC EMISSIONS: MONITORING OF PoLLUTION (TEMPO) (EVI-1,
SELECTED IN 2012)

The TEMPO instrument measures atmospheric pollution covering most of North America. A commercial
communications satellite, Intelsat-40e, hosts the instrument and launched in April 2023. On an hourly
basis, TEMPO measures atmospheric pollution spanning from Mexico to Canada, and from the Atlantic
Ocean to the Pacific Ocean. TEMPO provides measurements that include the key elements of air
pollution chemistry (e.g., ozone, nitrogen dioxide) in the lowest part of the atmosphere. Measurements
from geostationary orbit capture the inherent high variability in the daily cycle of emissions and
chemistry. Measuring across both time and space creates a revolutionary dataset that provides
understanding and improves prediction of air quality and climate forcing.

Maxar Technologies of Westminster, Colorado provided satellite integration, launch, and data
transmission services for TEMPO.

Recent Achievements

In FY 2023, TEMPO successfully completed its Operational Readiness Review (ORR). TEMPO
successfully launched on April 7, 2023. The TEMPO instrument completed first light on August 2, 2023,
and NASA released the first public image on August 24, 2023.

Planned Future Achievements

In FY 2024, TEMPO will complete commissioning activities and begin normal operations.
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EcosYSTEM SPACEBORNE THERMAL RADIOMETER EXPERIMENT ON SPACE
STATION (ECOSTRESS) (EVI-2, SELECTED IN 2014)

ECOSTRESS launched in June 2018 to help scientists observe changes in global vegetation from ISS.
The sensors give scientists new ways to see how changes in climate or land use affect agriculture, forests,
and ecosystems. ECOSTRESS uses a high-resolution thermal infrared radiometer to measure plant
evapotranspiration, the loss of water from growing leaves, and evaporation from the soil. These data
reveal how ecosystems change with climate and provide a critical link between the water cycle and
effectiveness of plant growth, both naturally and agriculturally. ECOSTRESS began extended operations
in August of 2019 and proposed to the 2020 Senior Review for extension through September 2023.
NASA conducted an out-of-cycle Senior Review in December 2022 and approved ECOSTRESS to
continue operations through September 2026 to align with the 2026 Senior Review. ISS extended site
accommodations for ECOSTRESS through September 2028.

Recent Achievements

ECOSTRESS collected over 397,000 scenes (images that are 400 km by 400 km in size) and achieved an
acquisition rate that is more than double the proposed acquisition rate. The data show variations in plant
water use and plant stress over different regions, together with differences in plant water uptake over the
daily cycle. Companies incorporated ECOSTRESS data into systems used by farmers to optimize
irrigation schedules for crops throughout the world. Large cities, such as Los Angeles, are using
ECOSTRESS data for heat island assessment and mitigation strategies, and scientists are using the data to
study droughts throughout the world. A heat island is an urbanized area that experiences higher
temperatures than outlying areas. Three new missions that are under development by NASA and other
international space agencies, with planned launches towards the end of the decade, have all adopted the
ECOSTRESS design.

Planned Future Achievements

The project will continue extended operations at least through the next Senior Review in September 2026.
An expanded science team will use the ECOSTRESS data for a variety of studies in agriculture, forestry,
geology, and the urban environment.

GLOBAL EcOosYSTEM DYNAMICS INVESTIGATION (GEDI) LIDAR (EVI-2,
SELECTED IN 2014)

GEDI is a geodetic-class laser ranging system that provides three-dimensional measurements of the
Earth’s forests from ISS. GEDI measures the height of the Earth’s temperate and tropical forests and their
vertical structure. This data will help scientists determine, for the first time, how much carbon forests
store as biomass, and the net impact of deforestation and subsequent regrowth on atmospheric carbon
dioxide that results from human-influenced activities and climate variations. GEDI is the first mission
optimized for vegetation measurements from space and provides the first global and transparently
available data set that various U.S. agencies can use at relevant scales for both policy and land
management.

Launched in December 2018, GEDI completed its prime mission in April 2021. NASA conducted an out-
of-cycle Senior Review in December 2022 and approved GEDI to continue operations through September
2026 to align with the 2026 Senior Review. GEDI is currently temporarily stowed until Fall 2024 on an
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ISS storage site while another mission operates at its location. Once reinstalled at its current location,
NASA has requested site accommodations for GEDI through the end of life of the ISS.

Recent Achievements

GEDI has collected over 21 billion observations of the Earth’s forests and topography through March
2023. The project continues to collaborate with DLR to fuse GEDI observations with the commercial
archive of the DLR TanDEM-X radar satellites and has produced high resolution maps of height and
biomass over Gabon, Mexico, Australia, the Amazon Basin, and parts of the United States. In 2023 alone,
there have been six publications in Nature journals reflecting the enormous scientific impact of the GEDI
data sets.

Future Achievements

The mission is currently in hibernation until Fall 2024, at which point it will be reinstalled and continue
collecting data at least through the next Senior Review in 2026. During this hibernation period, GEDI is
reprocessing its archive of data to provide more accurate estimates of canopy height, structure, biomass,
and topography. GEDI is also producing a canopy structural complexity index that should be
extraordinarily useful for habit and biodiversity studies; data products that blend observations from the
ICESat-2 mission and GEDI; fusion of its data with those from TanDEM-X that goes beyond height to
3D canopy structure; and ecosystem modeling that predicts annual land surface carbon sources and sinks.
GEDI is working closely with the U.S. Forest Service toward the use of GEDI data for wildfire
prediction, habitat management, and other activities. Lastly, GEDI has had several meetings with the
Association of Southeast Asian Nations (ASEAN) member countries in Southeast Asia, at the request of
the U.S. State Department, on facilitating the use of NASA data in their national carbon accounting
activities.

EARTH VENTURE MANAGEMENT

Earth Venture Management supports the development of AO solicitations and the technical, management,
and cost evaluations of proposals received in response to the solicitations. The budget supports critical
flight project management functions executed by the Earth System Science Pathfinder (ESSP) program
office, and Senior Review Board teams, who conduct independent reviews of the ESSP flight projects.
Additionally, this project supports the airborne assets that the EVS investigations rely on for their
airborne campaigns, as well as large aircraft procurements.

Recent Achievements

SMD has purchased and begun modifications of the B777-200ER aircraft, to become the new large
aircraft science platform for the directorate.

Planned Future Achievements

Science modifications for the large aircraft will continue in FY 2024 with an anticipated ready for science
date in FY 2025.

MULTI-ANGLE IMAGER FOR AEROSOLS (MAIA) (EVI-3, SELECTED IN 2016)

The MAIA investigation will use a spaceborne multi-angle imager to remotely determine aerosol
characteristics and assess linkages between different airborne particulate matter (PM) types and human
health (including adverse birth outcomes, cardiovascular and respiratory disease, and premature death).
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This project will measure concentrations of fine and coarse particles, sulfate, nitrate, organic and
elemental carbon, and mineral dust particles in major urban areas around the globe at one-kilometer
spatial resolution. The MAIA science team will use established epidemiological methodologies to
associate human exposure to particulate matter with adverse health outcomes.

MAIA's primary spaceborne instrument consists of a specialized digital camera mounted on a two-axis
gimbal on an LEO spacecraft, which will collect multi-angle spectropolarimetric imagery over a globally
distributed set of major metropolitan areas. It will use this data in conjunction with surface-based
pollution monitors and atmospheric models to map PM concentrations and types and conduct
epidemiological studies. Surface-based PM monitoring equipment deployments, overseen by the MAIA
project, include instruments that collect particles on filters for subsequent chemical and gravimetric
analyses; acthalometers, which measure black carbon concentrations; low-cost PM sensors to extend
spatial coverage in selected areas; and aerosol sunphotometers. MAIA's Instrument Operations and
Science Data Systems will be located at JPL. The baseline (prime) mission is three years.

ASI will contribute a PLATiINO satellite to host the MAIA instrument. As an additional part of the
partnership, ASI is also providing a launch vehicle for access to space along with part of the ground
services to support MAIA during operations. Launch is currently planned for November 2025.

Recent Achievements

In FY 2023, NASA completed testing of the entire instrument and then placed the instrument into storage
while the satellite development continues. Accommodations continue apace to ensure compatibility with
the launch vehicle and to satisfy ASI-required spacecraft review requirements. The science team
continues to prepare for operations by creating simulated Level 1 data products to ensure data product
accuracy.

The project hosted a science team meeting with broad representation from all targeted areas, where the
science team confirmed adjustments to the primary target areas and discussed further localized
collaborative efforts around those target areas. NASA supported ASI in their spacecraft PDR.

The budget request includes funding for mission operations through FY 2029.
Planned Future Achievements

NASA plans to deliver the MAIA instrument to ASI in FY 2024 for integration onto the satellite where it
will also undergo testing to ensure the system can withstand the launch and space environments.

The budget request includes funding for extended mission operations for MAIA.

TIME-RESOLVED OBSERVATIONS OF PRECIPITATION STRUCTURE AND STORM
INTENSITY WITH A CONSTELLATION OF SMALLSATS (TROPICS) (EVI-3,
SELECTED IN 2016)

TROPICS will make measurements over the tropical latitudes to observe the thermodynamics and
precipitation structures of Tropical Cyclones (TCs), like hurricanes, over much of the storm systems’ life
cycles. TROPICS observations will include the temperature within the atmosphere, spatially and
vertically resolved, as well as humidity, cloud ice, precipitation horizontal structure, and instantaneous
surface rain rates. These measurements and the increased temporal resolution provided by the
constellation are contributing to a better understanding of the TC life cycles and the environmental factors
that affect the intensification of TCs. The TROPICS mission consists of five CubeSats, which will each

ES-67



Science: Earth Science: Earth System Science Pathfinder

VENTURE CLASS MISSIONS

have a cross-track scanning multiband passive microwave radiometer in an [U payload (IU, a CubeSat
unit, is equivalent to a four-inch cubic box).

NASA pursues better understanding of basic storm processes where this improved knowledge will result
in better weather modeling, which allows meteorologists to improve forecasts of storm tracks and
intensity, ultimately enabling better warnings to the general population and more effective disaster
management.

Recent Achievements

In FY 2022, TROPIC's commercial launch provider was unsuccessful in the first launch, resulting in the
loss of the first pair of CubeSats. Recognizing the urgent science and application needs, NASA selected a
new launch provider, Rocket Lab USA, Inc., and through two separate launches deployed the remaining
four TROPICS constellation cubesats in FY 2023. NASA provided TROPICS imagery to both the
National Hurricane Center and Joint Typhoon Warning Centers throughout the 2023 Atlantic Hurricane
Season, aiding in the protection of life and property.

The TROPICS Pathfinder, a qualification unit launched in FY 2021, demonstrated the effectiveness of the
end-to-end system identical to constellation. This satellite continues its risk reduction mission and
provides daily global coverage.

Planned Future Achievements

The TROPICS Pathfinder will continue its risk reduction mission and TROPICS will continue their
primary mission in FY 2024. TROPICS will conduct mission operations through FY 2026.

EARTH VENTURE SUBORBITAL-3 (EVS-3; SELECTED IN 2018)

In 2020, NASA initiated five investigations spanning a range of pressing research areas such as intense
East Coast snowfall events and the impact of small-scale ocean currents on global climate. These
investigations are:

e Investigation of Microphysics and Precipitation for Atlantic Coast-Threatening Snowstorms
(IMPACTYS) studies the formation of snow bands in East Coast winter storms. Better understanding
of the mechanisms of snow band formation and the factors that influence the location of the most
intense snowfall will help improve forecasts of these extreme weather events.

e Acrosol Cloud Meteorology Interactions over the Western Atlantic Experiment (ACTIVATE)
identifies how aerosol particles change cloud properties in ways that affect Earth’s climate system.
The investigation will focus on marine boundary layer clouds over the western North Atlantic Ocean
that have a critical role in Earth’s energy balance.

e Delta-X investigates the natural processes that maintain and build land in major river deltas
threatened by rising seas. The project will improve models that predict loss of coastal land from sea
level rise by improving estimates of how deltas add land, a process that involves trapping sediments
and creating organic soils as plants grow.

e Dynamics and Chemistry of the Summer Stratosphere (DCOTSS) explores how strong summertime
convective storms over North America can change the chemistry of the stratosphere. These storms
regularly penetrate deep into the lower stratosphere, carrying pollutants that can change the chemical
composition of this atmospheric layer, including ozone levels.
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e Sub-Mesoscale Ocean Dynamics and Vertical Transport (S-MODE) examines the potentially large
influence that small-scale ocean eddies have on the exchange of heat between the ocean and the
atmosphere. The project will collect a benchmark data set of climate and biological variables in the
upper ocean that influence this exchange.

Recent Achievements

During FY 2023, the EVS-3 investigations completed the deployment phase of their investigations. All
the investigations are actively involved in data analysis and publication of their science research.

The IMPACTS investigation completed the deployment phase in FY 2023. During the three deployments,
IMPACTS flew 240.6 flight hours on the NASA ER-2, and 272.3 flight hours on the NASA P-3, all for a
total of 88 science research flights.

The S-MODE investigation completed the deployment phase in FY 2023. During the two deployments
(and a pilot campaign), S-MODE flew 232.1 flight hours on the NASA B200, 60.5 flight hours on the
NASA Gulfstream III (G-III), and ~140 flight hours on the TOI Twin Otter, all for a total of 95 science
research flights. The science team on the research cruise, the Oceanus, collected 1,396 profiles of upper-
ocean temperature, salinity, oxygen, and chlorophyll fluorescence.

Planned Future Achievements

With the completion of the deployment phases for the EVS-2 investigations, these investigations will
focus on data analysis, archive, open data workshops and science team meetings. This is the last year that
NASA will include EVS-3 investigations in the budget request.

EARTH SURFACE MINERAL DUST SOURCE INVESTIGATION (EMIT) (EVI-4;
SELECTED IN 2018)

EMIT uses a sensor mounted to the exterior of ISS to map the mineral composition of regions that
produce dust aerosols around the world. Scientists do not currently have a global inventory of the mineral
sources of dust, and as a result, the global impacts of dust on atmospheric heating and cooling, weather,
and other aspects of Earth's environment are not well established.

EMIT's hyperspectral instrument measures the different wavelengths of light emitted by minerals on the
surface of deserts and other dust sources to determine their composition. By measuring in detail which
minerals make up the dust, EMIT helps answer the critical question of whether mineral-based dust has a
cooling or warming effect on the atmosphere. EMIT's modeling component uses the data collected to
advance the understanding of the role of atmospheric dust in Earth's climate and better predict how it can
change in the future. EMIT began its prime mission in October 2022 to obtain one year of global dust
observations. At the end of its prime mission, the EMIT team will propose to an out-of-cycle Senior
Review for mission extension through September 2026 to align with the 2026 Senior Review.

Recent Achievements

EMIT has demonstrated an important capability to measure methane and carbon dioxide point source
emissions across six continents. Due to these valuable methane imaging results, NASA has requested, and
the ISS program approved, EMIT site accommodations through the end of life of ISS. NASA has also
identified additional value-added contributions from EMIT including mapping critical minerals, wildfire
fuel, ecosystem properties, and water quality signatures.

ES-69



Science: Earth Science: Earth System Science Pathfinder

VENTURE CLASS MISSIONS

The EMIT team began delivering data products to the NASA Land Processes Distributed Active Archive
Center (LP DAAC) on February 2, 2023.

EMIT’s accuracy and fidelity are state-of-the-art in Earth orbit and continue to meet or exceed the science
requirements. EMIT maps the prevalence of key minerals in the planet’s dust-producing deserts,
information that will advance our understanding of airborne dust’s effects on climate. Researchers are
beginning to use the data available at the NASA LP DAAC to examine other properties of the Earth
surface, including geology, ecology, snow properties and more.

EMIT has detected hundreds of “super-emitters” of methane in facilities, equipment, and other
infrastructure which include the fossil-fuel, landfill/waste processing, or agriculture sectors that emit
methane at high rates in Central Asia, the Middle East, and the Southwestern United States. Methane is a
potent greenhouse gas, making early detection of these emissions important to slowing climate change.
The EMIT team, in partnership with the LP DAAC, initiated data product deliveries for methane products
on an extremely expedited timeline to support the broad scientific and public interest in these datasets,
completing the process in under two months. This information is being made available in public NASA
archives and through the U.S. Greenhouse Gas Center web portal.

Planned Future Achievements

EMIT will continue collecting data under the prime mission period until the end of November 2023 and
then continue under extended operations for greenhouse gas emission detection and other observations
that support NASA and our nation. EMIT will continue to expand its relevance by exploring the utility of
its mineral maps for assessing risks to water quality from abandoned mines, as well as through assessing
the ability to contribute to direct assessment of water quality issues associated with harmful algal blooms.

NASA approved the extended mission operations for EMIT through FY 2026.

POLAR RADIANT ENERGY IN THE FAR INFRARED EXPERIMENT (PREFIRE)
(EVI-4; SELECTED IN 2018)

PREFIRE will fly miniaturized thermal spectrometers on a pair of small CubeSat satellites to measure
far-infrared emissions and how they change throughout the day and over seasons. These CubeSats will
orbit Earth's poles to probe a little-studied portion of the radiant energy emitted by Earth for clues about
Arctic warming, sea-ice loss, and icesheet melting. These observations will allow scientists to assess how
changes in thermal infrared emissions at the top of Earth's atmosphere are related to changes in cloud
cover and surface conditions below, such as the amount of sea ice and meltwater on the surface of ice.

Recent Achievements

The PREFIRE project delivered the instruments to the CubeSat vendor for integration in early FY 2023.
The project held a Pre-Ship Review for the CubeSats in April 2023. This review marked the delivery of
one of the CubeSats from the vendor.

Planned Future Achievements

NASA will hold a second review for delivery of the final CubeSat from the vendor in FY 2024. The
launches are planned for May 2024. This budget request supports mission operations for PREFIRE
through FY 2025.
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GEOSYNCHRONOUS LITTORAL IMAGING AND MONITORING RADIOMETER (GLIMR)
(EVI-5; SELECTED IN 2019)

GLIMR will provide unique observations of ocean biology, chemistry, and ecology in the Gulf of
Mexico, portions of the southeastern United States coastline, and the Amazon River plume where the
waters of the Amazon River enter the Atlantic Ocean. It will closely monitor the health of the oceans and
assess risks for coastal communities to protect our environment.

NASA will integrate GLIMR on a NASA-selected platform and launch into a geosynchronous orbit,
where it will monitor a wide area centered on the Gulf of Mexico for up to 15 hours a day. From this
vantage point, the hyperspectral ocean color radiometer will measure the reflectance of sunlight from
optically complex coastal waters in narrow wavebands. GLIMR will gather observations of a given area
each day in a way that would not be possible from a satellite in an LEO. These observations are a critical
capability in studying phenomena such as the life cycle of coastal phytoplankton blooms and oil spills.
GLIMR is a competitively selected, cost-capped, PI-led EVI development, with a cost cap of

$107.9 million for the instrument and science investigation. The access to space solution for GLIMR is
the responsibility of NASA and has not yet been determined. As an EVI development, GLIMR is a
higher-risk innovative project intended to achieve cutting-edge science through strictly cost-capped
implementation.

Recent Achievements

The GLIMR instrument team successfully completed their KDP-C review in March 2023, indicating that
the project was sufficiently mature to begin final design and fabrication activities for the instrument alone.

This budget includes an updated cost and schedule for GLIMR instrument and science. NASA will
establish the formal Agency Baseline Commitment for the GLIMR mission after finalizing the access to
space cost range. The instrument team held their CDR in June 2023.

Planned Future Achievements

GLIMR will hold a review of instrument readiness no later than Q1 FY 2025 to inform approval of the
initiation of access to space procurements, including spacecraft and spacecraft operations, associated
ground systems, and launch vehicle.

LiBERA (EVC-1; SELECTED IN 2020)

Libera is NASA’s first mission selected under the EVC element. The project, named for the daughter of
Ceres in ancient Roman mythology, provides continuity of the Clouds and the Earth’s Radiant Energy
System (CERES) Earth Radiation Budget (ERB) observations. Its primary goal is to extend the ERB
record seamlessly, which is essential for recognizing changes to Earth’s climate system and for
constraining future predictions. The project will deliver the Libera instrument in 2025 to NOAA for
hosting on the JPSS satellite named NOAA-22, targeted for launch in 2027.

Recent Achievements

Libera held the CDR in June 2023. Libera is moving forward with build, assembly, and testing of the
instrument components.
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Planned Future Achievements

Libera will continue to work on building, assembling, and testing instrument components prior to holding
a KDP-D review and delivering the instrument to NOAA-22 for integration in 2025.

INVESTIGATION OF CONVECTIVE UPDRAFTS (INCUS) (EVM-3, SELECTED IN
2021)

INCUS will study the behavior of tropical storms and thunderstorms, including their representation in
weather and climate models, by directly addressing why convective storms, heavy precipitation, and
clouds occur and exactly when and where they form. This investigation of the vertical transport of air and
water will address objectives laid out in the 2017 Earth Science Decadal Survey and fills an important
niche to help understand and better predict extreme weather and its impact on climate models, all of
which serve to provide crucial information needed to mitigate weather and climate effects on our
communities. INCUS means anvil in Latin and is a reference to the anvil-shaped cumulonimbus
thunderstorm clouds it will study.

Recent Achievements

The INCUS mission successfully completed the system requirements review, mission definition review,
and mission PDR in FY 2023.

Planned Future Achievements

INCUS will conduct a confirmation review in FY 2024 that will allow the project to begin final design
and fabrication activities. Subsequent to the confirmation review, the mission CDR is also planned in
FY 2024.

POLARIZED SUBMILLIMETER ICE-CLOUD RADIOMETER (POLSIR) (EVI-6,
SELECTED IN 2023)

The PolSIR investigation will study and characterize the diurnal variability of tropical and sub-tropical ice
clouds and will provide key observational constraints on ice properties in climate models to enable
modelers to develop more accurate cloud parameterizations. These new observations will lead to reduced
model uncertainty and increased fidelity of climate forecasts in support of critical climate change adaption
decisions such as infrastructure development and hazard mitigation. The PolSIR project itself will consist
of two CubeSats each equipped with a polarized submillimeter radiometer, that will fly in separate orbits
to examine ice clouds and their microphysical properties in the sub-tropics and tropics.

Recent Achievements

NASA selected PolISIR in May 2023 from the competed EVI-6 AO and initiated formulation activities at
the beginning of FY 2024.

Planned Future Achievements

In FY 2024, PolSIR will conduct the system requirements review, mission definition review, mission
PDR, and confirmation review for authorization to proceed into implementation phase where the project
will begin fabrication and assembly.
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Program Schedule

Following the National Academies' recommendation, NASA is "discontinuing the distinction between EV
Mission and EV Instrument proposals." In the schedule below NASA has marked those Earth Venture
solicitations as simply "EVX" and will decide the size/type of the solicitation when it releases the AO.

This will allow better tailoring to the needs of the division and available resources.

Date Significant Event

FY 2024 PREFIRE CubeSat delivery
FY 2024 PREFIRE launch readiness
FY 2026 EVX-1 solicitation released
FY 2026 MAIA launch readiness

FY 2026 Libera instrument delivery
FY 2026 PolSIR instrument delivery
FY 2027 EVS-5 (suborbital) solicitation released
FY 2027 GLIMR instrument delivery
FY 2027 INCUS launch readiness
FY 2028 EVX-2 solicitation released
FY 2029 PolSIR launch readiness

Program Management & Commitments

The ESSP program at LaRC manages the Venture Class projects. The “Provider” in the following table

lists the PI institution for each project.

Program Element Provider

Provider: University of Washington

Lead Center: LaRC

Performing Center(s): ARC, AFRC, GSFC
Cost Share Partner(s): N/A

EVS-3: IMPACTS

Provider: University of Arizona
Lead Center: LaRC

Performing Center(s): LaRC
Cost Share Partner(s): N/A

EVS-3: ACTIVATE

Provider: Texas A&M University

Lead Center: LaRC

Performing Center(s): AFRC, ARC, GSFC
Cost Share Partner(s): N/A

EVS-3: DCOTSS
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Program Element

Provider

EVS-3: S-MODE

Provider: Woods Hole Oceanographic Institute
Lead Center: LaRC

Performing Center(s): JPL, JSC

Cost Share Partner(s): N/A

EVS-3: Delta-X

Provider: JPL

Lead Center: JPL
Performing Center(s): JPL
Cost Share Partner(s): N/A

EVM-1: CYGNSS

Provider: University of Michigan
Lead Center: LaRC

Performing Center(s): N/A

Cost Share Partner(s): N/A

Provider: Colorado State University
Lead Center: LaRC

EVM-3: INCUS .
Performing Center(s): JPL
Cost Share Partner(s): N/A
Provider: Smithsonian Astrophysical Observatory
Lead Center: LaRC
EVI-1: TEMPO

Performing Center(s): LaRC, GSFC
Cost Share Partner(s): N/A

EVI-2: ECOSTRESS

Provider: JPL

Lead Center: JPL
Performing Center(s): JPL
Cost Share Partner(s): USDA

EVI-2: GEDI

Provider: University of Maryland
Lead Center: GSFC

Performing Center(s): GSFC
Cost Share Partner(s): N/A

EVI-3: TROPICS

Provider: MIT Lincoln Laboratory
Lead Center: LaRC

Performing Center(s): GSFC

Cost Share Partner(s): N/A

EVI-3: MAIA

Provider: JPL

Lead Center: LaRC
Performing Center(s): JPL
Cost Share Partner(s): ASI
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Program Element Provider

Provider: JPL

Lead Center: JPL

Performing Center(s): GSFC, JPL
Cost Share Partner(s): N/A

EVI-4: EMIT

Provider: JPL

Lead Center: JPL
Performing Center(s): JPL
Cost Share Partner(s): N/A

EVI-4: PREFIRE

Provider: University of New Hampshire
Lead Center: LaRC

Performing Center(s): LaRC
Cost Share Partner(s): N/A

EVI-5: GLIMR )
Performing Center(s): LaRC, GSFC
Cost Share Partner(s): N/A
Provider: University of Colorado Laboratory for Atmospheric and Space Physics
Lead Center: LaRC
EVC-1: LIBERA

Provider: Vanderbilt University
Lead Center: LaRC

Performing Center(s): GSFC
Cost Share Partner(s): N/A

EVI-6: PolISIR

Acquisition Strateqy

NASA will issue Venture Class solicitations at intervals of every two years for EV missions and will
decide the size/type of the solicitation when it releases the AO. NASA will select all Venture Class

missions through full and open competition.

MAJOR CONTRACTS/AWARDS

Element Vendor

Location (of work performance)

PI Institution: University of Michigan
CYGNSS Instrument Provider: Southwest Research Institute
Launch Vehicle Provider: NASA

PI: Ann Arbor, MI
Instrument: San Antonio, TX

Launch Vehicle:
Cape Canaveral, FL

PI Institution: Smithsonian Astrophysical Observatory
TEMPO Instrument Provider: Ball Aerospace & Technologies Corp.

Host Services Provider: Maxar Technologies

PI: Cambridge, MA
Instrument: Boulder, CO
Host Services: Westminster, CO
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PI Institution: University of New Hampshire PI: Durham, New Hampshire

GLIMR Instrument provider: Raytheon Instrument: El Segundo, CA
Host Services Provider: TBD Host Services: TBD
i Uiy fColomdo Lboran ot o, 0

Libera Tnstrument provider: LASP Instrument: Boulder, CO
Host Services Provider: NOAA (NOAA-22) Host Services: TBD
PI Institution: Vanderbilt University PI: Nashville, TN

PolSIR Instrument provider: NASA Instrument: Greenbelt, MD
Host Services Provider: TBD Host Services: TBD

INDEPENDENT REVIEWS

Performance | SRB Q2 FY 2023 TEMPO ORR Successful
Performance | SRB Q4 FY 2023 Libera CDR Successful
Performance | SRB Q4 FY 2023 INCUS PDR Successful
Performance | SRB Q1 FY 2024 GLIMR CDR TBD
Performance | SRB Q2 FY 2024 PREFIRE ORR TBD
Performance | SRB Q3 FY 2024 PolSIR PDR TBD
Performance | SRB Q1 FY 2025 GLIMR SIR TBD
Performance | SRB Q2 FY 2025 Libera SIR TBD
Performance | SRB Q3 FY 2026 INCUS ORR TBD
Performance | SRB Q3 FY 2027 PolSIR ORR TBD
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FY 2025 Budget

Op Plan CR Request

Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY2027 FY2028 FY 2029
IESSP Missions Research 17.5 -- 25.3 24.6 20.6 23.1 25.6
Orbiting Carbon Observatory-3 8.7 -- 7.2 7.2 0.0 0.0 0.0
0CO-2 9.7 -- 9.2 9.2 0.0 0.0 0.0
CloudSat 8.0 -- 4.4 0.0 0.0 0.0 0.0
ICloud-Aerosol Lidar and Infrared Pathfinder 6.9 -- 5.3 0.0 0.0 0.0 0.0
Satellite Observations (CALIPSO)

GeoCarb 20.0 -- 0.0 0.0 0.0 0.0 0.0
Total Budget 70.9 - 51.3 41.0 20.6 23.1 25.6

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Earth System Science Pathfinder (ESSP) Other Missions and Data Analysis projects include operating
missions and mission-specific research. These innovative missions will enhance understanding of the
current state of the Earth system and enable continual improvement in the prediction of future changes.

Mission Planning and Other Projects

ESSP MisSIONS RESEARCH

ESSP Missions Research provides funds for the science teams supporting ESSP operating missions, and
Principal Investigator-led Earth Venture-Instruments, operating onboard ISS. The science teams are
comprised of competitively selected individual investigators who analyze data from the missions to
address relevant science questions.

Recent Achievements

NASA scientists combined data from GPS and GRACE to infer changes in groundwater storage in the
Central Valley as well as the Sacramento-San Joaquin-Tulare River basin, its source watershed. They
found that from 2006 to 2021 the Central Valley has been losing an average 2.2 km3 per year

(0.6 giga-gallons) with two-thirds of the groundwater loss concentrated in the southern third of the valley.
This study is impactful in that it provides a quantitative value for changes in total water storage in this
area. Additionally, the scientists inferred changes in bedrock groundwater by removing signals from snow
water and soil moisture by creating a composite model using GPS and GRACE data.

Researchers studying extreme water events applied a novel approach with terrestrial water storage
observations from the GRACE and GRACE-FO satellites to delineate and characterize 1,056 extreme
events (i.e., droughts and floods) from 2002 to 2021. They found that the largest event identified was an
ongoing pluvial (i.e., heavy rain flooding) that began in 2019 and engulfed central Africa. The magnitude
was such that Lake Victoria rose over one meter, with flooding in the surrounding region. The second
largest event was a 2018-2021 pluvial over central and eastern North America. The third largest event
was a 2011-2012 Australian pluvial that ended the Millennium Drought and even caused sea level to
decline for a brief period. They found the intensity of extreme water events was strongly correlated to
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high terrestrial soil temperatures, suggesting that continued warming will cause more frequent, more
severe, longer and/or larger droughts and pluvials (i.e., floods).

Scientists used column carbon dioxide (CO») observations from OCO-2 and OCO-3 missions on

10 occasions from March 2017 to June 2022 to quantify CO, emissions from Europe’s largest fossil fuel
power plant, the Betchatoéw Power Station in Poland. They found that the space-based CO emission
changes with a trend that is consistent with the independently reported hourly power generation trend that
results from both permanent and temporary unit shutdowns. OCO-2 and OCO-3 emission estimates agree
with the bottom-up emission estimates for nine of the 10 occasions. These results demonstrate the ability
of the OCO-2 and OCO-3 missions to quantify emission reductions for a large facility and their ability to
quantify short-term emission changes.

Operating Missions

OCO-3

0OCO-3, which launched in May 2019, is a complete stand-alone payload, built using the spare OCO-2
flight instrument, with additional elements added to accommodate installation and operation on ISS. The
OCO-3 instrument consists of three high-resolution grating spectrometers that collect space-based
measurements of atmospheric carbon dioxide with the precision, resolution, and coverage needed to
assess the spatial and temporal variability of carbon dioxide over an annual cycle.

OCO-3 started extended operations in September 2022. NASA conducted an out-of-cycle Senior Review
in December 2022 and approved OCO-3 to continue operations through its next Senior Review in 2026.
ISS is temporarily stowing OCO-3 for about six months on an ISS storage site, while another mission
operates at its location. Once reinstalled at its current location in approximately May 2024, NASA has
requested OCO-3 site accommodations through the end of life of ISS.

Recent Achievements

The OCO-3 mission completed four-and-a-half years of successful operations on ISS. The data products
consist of atmospheric carbon dioxide measurements that are complementary to the OCO-2 mission,
spanning latitudes from 52 degrees North to 52 degrees South. Researchers have used this data to detect
changes in emissions that are occurring due to drastic societal shifts in urban/industrialized areas and
capture emissions from sectors, such as on-road, off-road transportation, power generation, and heavy
industry. The OCO-3 mission continues to provide a solar-induced chlorophyll fluorescence (SIF) data
product. SIF is a measure of photosynthesis activity, an indicator of plant health, and particularly valuable
for farmers and agricultural communities. Researchers published several articles that OCO-3 data can
provide sectoral information (CO; from industry vs. transportation, for example) within cities, which can
eventually provide actionable data for city administrators to use to develop targeted greenhouse gas
policies. OCO-3 data are not only serving the needs of scientists and researchers, but also supporting the
science applications community and organizations like the World Bank Group and the C40 Cities Climate
Leadership Group.

0CO-2

OCO-2 launched in July 2014 and collects precise CO, measurements across the globe every day from its
vantage point in LEO. OCO-2 also collects measurements of SIF, a proxy for plant photosynthesis, which
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provides additional information on the uptake of carbon dioxide by plants. Data scientists are gaining
greater insight into how much CO; the Earth emits by natural sources and human activities, and the
natural process for removing CO, from the atmosphere. This information may help decision makers
manage CO; emissions and reduce the human impact on the environment.

The OCO-2 instrument has collected almost one million soundings globally each day since
September 2014. OCO-2 is currently in extended mission operations. The 2023 Senior Review for
Operating Missions approved extended mission operations for OCO-2 through FY 2026.

Recent Achievements

OCO-2 has created a high-quality record of the changes in the global distribution of carbon dioxide and
SIF across seasons and through various global and regional climate changes such as El Nifio and La Nifia
cycles. Scientists use the data to study the response of the natural carbon cycle to these changes, as well
as extreme regional events including droughts, floods, and wildfires. On regional scales, these studies
show large year-to-year variability in the land biospheric-carbon sink in the tropics and a strong
land-carbon sink at mid-to-high latitudes. At high northern latitudes, OCO-2 data have shown strong
responses of the carbon cycle to climate change, including shifts in the timing and magnitude of summer
carbon uptake and fall carbon release. OCO-2 observations also quantify carbon dioxide emissions from
human activities including large power plants and urban centers. Respected, peer reviewed journals
continue to publish these science findings and contribute to national and international assessment studies.
The continued nominal performance and operations of the spacecraft and instrument facilitated the
long-term record of CO, observations. In addition, the project has taken advantage of new opportunities
to use small-scale ground networks and airborne observation to validate the OCO-2 products in key
regions where traditional validation measurements are sparse, such as tropical Africa. OCO-2
measurements provide a unique contribution to U.S. and international needs for a greenhouse gas
observing network to enhance scientific understanding, inform climate mitigation efforts, and assess
mitigation goals. Intercomparisons have demonstrated good agreement between datasets from OCO-2 and
0CO-3.

CLOUDSAT

CloudSat, launched in April 2006, measures cloud characteristics to increase understanding of the role of
clouds in Earth’s radiation budget. This mission provides estimates of the percentage of Earth’s clouds
that produce rain, provides vertically resolved estimates of how much water and ice are in Earth’s clouds,
and estimates how efficiently the atmosphere produces rain from clouds. CloudSat collects information
about the vertical structure of clouds and aerosols that other Earth-observing satellites do not collect. This
data improves models and provides a better understanding of the human impact on the atmosphere.

CloudSat is currently in mission close-out (Phase F).
Recent Achievements

During the past year, international and other agency operational systems continued to adopt CloudSat
observations. Now part of the European Centre for Medium Range Weather Forecasts forecast system,
CloudSat shows positive impacts to both the analysis fit of other observations and to the subsequent
forecast skill of the forecast system. The science community continues to use CloudSat data in
formulating important improvements to the operational cloud layer height algorithms used by weather
forecasters and derived from the Advanced Baseline Imager on the Geostationary Operational
Environmental Satellites. CloudSat also provides critical verification data for global snowfall products
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produced by NASA’s Global Precipitation Measurement (GPM) mission. The project exploits synergies
with other NASA missions beyond GPM, as highlighted by the recently released cloud product that
combines Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) and the OCO-2
data with CloudSat. CloudSat has also been foundational to the Earth Cloud, Aerosol and Radiation
Explorer (EarthCARE) mission launching in 2024, and data products from CloudSat will link to
EarthCARE products to produce a new climate data record.

During this past year, analysis of CloudSat data has served as the basis for 1) calibrating cloud profile
information derived from operational sensors for use in aviation forecasts, ii) improving hurricane
intensification forecasts specifically through the use of CloudSat ice measurements and its impacts on the
hurricane environment, iii) the creation of a climate data record that is showing statistically significant
changes in cloud heights over the multi-decadal record, as well as iv) providing essential information and
clarity on aerosol-cloud interactions that remain a major source of uncertainty in the projected climate
warmings. CloudSat observations of lighter rains and snow at higher latitudes continue to be a vital
measurement, especially because no other observing system reproduces this information. CloudSat
observations of rain and snow not only underpin research that concerns the hydrological cycle and how it
is changing, particularly in middle and higher latitudes, but also water resource applications centered
around snow melt as its source. These and previously reported examples demonstrate the continued wide
utility of CloudSat to the applications and science communities. This is the last year NASA will include
this mission in its budget because the mission is in the decommissioning and closeout phase.

CLOUD-AEROSOL LIDAR AND INFRARED PATHFINDER SATELLITE OBSERVATION
(CALIPSO)

The CALIPSO mission, launched in April 2006, provides the first comprehensive three-dimensional
measurement record of aerosols, helping to better understand how aerosols form, evolve, and transport
over the globe. The mission provides data on the vertical structure of clouds and the geographic and
vertical distribution of aerosols, and further detects sub-visible clouds in the upper troposphere.
CALIPSO also indirectly estimates the contribution of clouds and aerosols to atmospheric temperature.

In late FY 2023, the spacecraft's orbital drift reached a point where it can no longer generate enough
power to continue to operate the instrument. The mission started decommissioning activities for the
spacecraft and instrument. CALIPSO is currently in mission close-out (Phase F).

Recent Achievements

CALIPSO continued to provide unique vertical profile observations of clouds and atmospheric particle
(aerosol) layers over the globe. During FY 2023, the mission released two new major versions of existing
lidar data products, which include several enhancements that will contribute to a better understanding of
aerosol optical properties and their contributions to the Earth’s radiation budget. In addition, the project
also released an updated polar stratospheric cloud product, providing better insights on the composition,
formation, and impact of these phenonium on the ozone layer. The mission completed its science phase in
August after more than 16 years of successful operations. This is the last year NASA will include this
mission in its budget request because the mission is in the decommissioning and closeout phase.
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 291.1 -- 263.2 257.6 268.3 269.8 276.3

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Earth Science Data Systems (ESDS) program
oversees the lifecycle of Earth science data with the
principal goal of maximizing the scientific return
from NASA's missions and experiments for
research and applied scientists, decision-makers,
and the nation.

ESDS acquires, processes, preserves, and
distributes observational Earth science data from
spacecraft, aircraft, and in-situ sensors to support
Earth Science research focus areas. The ESDS
program primarily accomplishes this via the Earth
Observing System Data and Information System

This image of Maui, Hawaii, showing fire development (EOSDIS), which has been in operation since 1994.
and movement between August 8 and 10, 2023, was

created through the application of artificial intelligence EOSDIS has continuously evolved to take

(AI) to high-resolution commercial satellite data advantage of improved technology to meet the
overlain with data from NASA’s Fire Information for increasing demands of data providers and users.
Resource Management System. The resulting three Following the addition of data from several new
meter resolution imagery enables scientists, managers, missions, NASA expects the EOSDIS data archives
and local governments to better assess post-fire impacts, to grow substantially in size between 2023 and
study burned areas, and help plan mitigation efforts. 2029, from its current size of 96 petabytes (PB) to

approximately 600 PB in 2029.

EOSDIS has a history of actively evolving its capabilities through communication with users, rapid
adoption of new technologies, and by supporting competitive research elements within the Data System
Evolution (DSE) component of the program. These activities ensure effective prioritization of
investments to manage user needs, while simultaneously identifying new technologies to improve the
preservation of, and access to, the diverse and valuable data NASA collects.

EXPLANATION OF MAJOR CHANGES IN FY 2025

This budget transfers several components of the ESDS program to the new Earth Science Program,
Responsive Science Initiatives: The Commercial SmallSat Data Acquisition (CSDA) project (renamed
Commercial Satellite Data Acquisition), responsible for identifying, evaluating, and acquiring data from
commercial sources that support NASA's Earth science research and application goals; and the Satellite
Needs Working Group (SNWG), renamed Interagency Satellite Observations Needs, previously funded
within the DSE project in ESDS.
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The Open Source Science project is transferred to the Planetary Science division starting in FY 2024, per
notification in the 2023 Congressional operating plan. This request also proposes reductions to the ESDIS
project in order to migrate existing ESDIS capabilities into the Open Source Science project so that those
capabilities can be leveraged across SMD.

ACHIEVEMENTS IN FY 2023

EOSDIS archives grew to over 96 PB in FY 2023, with 44.23 PB in the commercial cloud, and
distributed 2.6 billion data files to 2.8 million users worldwide. In five years, the amount of data archived
grew 249 percent with the system stewarding over 15,000 data products and growing by approximately 61
TB daily. EOSDIS serves over 1.4 million registered users; a 40 percent increase over FY 2022. The
EOSDIS Common Metadata Repository (CMR) data catalog contains approximately 1.4 billion data files,
allowing users to search through over 59,000 NASA and partner data collections in under one second.

Planned growth of data ingest rates and archive volumes in support of new NASA missions poses
challenges for managing data in cloud and backup systems. ESDS assessed cloud archive practices, data
governance, and usage patterns, and continues to invest in developing future-focused architectures to
meet processing needs and increase efficiency.

The NASA Sentinel Gateway continued to serve data from the ESA partnership, averaging 60 TB per
week from ESA to EOSDIS. During FY 2023, NASA distributed over 220 million data files from
Sentinel missions. Additionally, the team accesses Sentinel-3 near real-time data products in support of its
Land, Atmosphere Near real-time Capability for EOS (LANCE) system, specifically targeting
communities using the Fire Information and Resource Management System.

ESDS played a significant role in creating the Earth Information Center, developing dynamic data
visualization components and completing significant development for the U.S. Greenhouse Gas Center.

ESDS published a new Geographic Information System (GIS) Portal, improving user experience and
enhancing resource discovery while leveraging commonly used GIS community platforms.

The SNWG Management Office led NASA's review of over 100 surveys from 25 agencies. The SNWG is
instrumental in identifying and implementing new data products, including the Harmonized Landsat
Sentinel-2 (HLS) product developed by ESDS, one of the most popular NASA data sets with a total
archive of five PB.

In FY 2023 ESDS partnered with commercial, interagency, and international partners to develop the HLS
Geospatial Foundation Model, a first of its kind Al tool with wide-ranging potential applications,
including tracking land use changes, monitoring natural disasters, and predicting crop yields.

The largest uncertainty in future projections of sea level change comes from the response of the Antarctic
Ice Sheet to the warming oceans and atmosphere. Numerous studies show the ice sheet is out of long-term
equilibrium and losing mass at an accelerated rate, increasing sea level rise. The longest observational
record available to study the mass balance of the Earth's ice sheets comes from disparate satellite
altimetry missions. Measurements must be cross-calibrated and integrated into a consistent record of
change. Scientists presented an intuitive approach, applying improved topography removal, cross-
calibration, and normalization of seasonal amplitudes from different missions to derive elevation change
estimates. They processed the full archive record of satellite altimetry data, providing a seamless record
of elevation change for the Antarctic Ice Sheet that spans the period 1985 to 2020, and produced and
distributed the data as part of the NASA MEaSUREs ITS LIVE project.
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WORK IN PROGRESS IN FY 2024

Several new missions will deliver data in FY 2024, with the launch of PACE and the planned launch of
NISAR. The NISAR mission will produce over 27 PB of synthetic aperture radar data per year. ESDS
will maintain its focus on open-source, cloud-native software and data services, responsive to user needs.
The program will continue to develop and enable standardized and optimized tools that work across
diverse operational and heritage Earth data, with a continued migration of datasets and services into the
commercial cloud.

In the coming year, the CSDA (moving to RSI) program will continue to rely on ESDS to implement
long-term data preservation processes for commercial data acquired by NASA, ingesting, archiving,
cataloging, and distributing the purchased data and making it discoverable using standard search
interfaces.

Similarly, the SNWG (also moving to RSI) will depend on ESDS for data development and stewardship
activities and will work closely with stakeholder engagement personnel and programs to ensure
developed products are communicated and adopted.

With the announcement of the ESO, the ESDS program engaged the missions to identify and assess
potential architectures that can meet the ESO mission science processing objectives, enable data system
efficiencies, promote open science principles, and enhance Earth system science. ESDS will continue its
investigations in developing future-focused architectures to meet mission science processing needs,
increase efficiency, and embrace open science practices through its ongoing Multi-Mission Data
Processing System Study.

ESDS will release a solicitation for the Citizen Science for Earth Systems Program (CSESP) element.
This activity will focus on developing and implementing projects that harness contributions from
members of the public to advance our understanding of the Earth as a system.

While investing in future mission processing systems, ESDS is also taking a forward-looking approach to
its user support as well. ESDA will conduct a study and begin prototypes to re-orient the EOSDIS
Distributed Active Archive Centers (DAACS) to efficiently cater to NASA's growing influx of data and
software and its expanding and evolving user community. This study will pave the way for ESDS to
expand its focus to support both foundational research, and applications of that research.

ESDS will expand and deepen its partnerships with external organizations to strengthen its capabilities in
AIML by exploring public-private partnerships to address data discoveries and access challenges, by
collaborating to develop a foundation model for weather and climate applications and developing a large
language model in collaboration with other science divisions to enhance scientific discovery.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

ESDS will expand its capabilities to support efficient technology infusion and streamline current data
management processes and service functions, including the assessment of an enterprise ingest and archive
architecture.

ESDS data systems will also evolve to support open science policies and initiatives to ensure accessibility
and reproducibility of NASA funded data. In addition, ESDS will prepare for the final mission data
processing and preservation of artifacts from the Aura mission.
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ESDS will continue to support the partnerships established through the non-reimbursable Space Act
Agreements with commercial vendors.

ESDS will continue to work as a liaison between different NASA science divisions to support Al and ML
adoption. The team will also develop generalizable ML pipelines for rapid prototyping of science
problems. ESDIS will begin a significant transition from DAACs to Science Enabling Centers.

Program Elements

EARTH SCIENCE DATA AND INFORMATION SYSTEM (ESDIS)

The ESDIS project manages the geographically distributed science systems of EOSDIS, including
DAAC:s, Science Investigator-led Processing Systems (SIPS), LANCE, and core systems. Together, these
systems support the processing of satellite data and seamless interdisciplinary access to EOSDIS data,
including data products, data services, and data handling tools for a broad range of user communities that
include scientists, government agencies, commercial users, and the public.

e  SIPS generate high-quality science products from Terra, Aqua, Aura, S-NPP, and JPSS missions at
facilities under the direct control of the instrument principal investigators and team leaders. Products
produced at SIPS undergo extensive quality assurance before the program transfers them to DAACs
for archiving and distribution to users.

e DAAC:S archive, document, and distribute data and provide user support for NASA's past and current
Earth-observing satellites: Sentinel's 1, 3, 5P, and 6 satellites; airborne investigations; and field
measurement programs. Acting in concert, the DAACs provide reliable, robust services to users
whose needs may cross the traditional boundaries of a science discipline, while continuing to support
the unique needs of users within specific science discipline communities. The DAAC facilities,
hosted at NASA or other institutions, each specialize in a science discipline (i.e., atmosphere,
calibrated radiance, solar radiance, cryosphere, human dimensions, land, or ocean science).

o LANCE generates and provides access to near real-time products from the Atmospheric Infrared
Sounder, Advanced Microwave Scanning Radiometer 2, Microwave Limb Sounder, Moderate
Resolution Imaging Spectroradiometer, Measurement of Pollution in the Troposphere, Ozone
Monitoring Instrument, Ozone Mapping Profiler Suite, and Visible Infrared Imaging Radiometer
Suite (VIIRS) (VIIRS-Land and VIIRS Atmosphere) instruments. LANCE provides the data within
three hours of observation. The data supports NASA applications users who are interested in
monitoring and analyzing a wide variety of natural and man-made phenomena.

The EOSDIS system supports several core systems to provide a common entry point to discover, access,
and visualize data from the distributed DAACs and SIPS. The program developed core systems to reduce
duplication and improve user access to EOSDIS data, including:

e CMR, which is a high-performance, high-quality, continuously evolving metadata system that
catalogs all data and service metadata records for EOSDIS and is the authoritative management
system for all EOSDIS metadata.

e Global Imagery Browse Services (GIBS), which provides visual representations of NASA Earth
science data at full resolution in a free, open, and interoperable manner. Through responsive and
highly available Web services, it enables interactive exploration of data to support a wide range of

ES-84



Science: Earth Science

EARTH SCIENCE DATA SYSTEMS

applications, including scientific research, applied sciences, natural hazard monitoring, and outreach.
GIBS provides much of the LANCE near real-time imagery, as well as present-day and historical
imagery.

e NASA-compliant General Application Platform, which is a cloud-based platform that provides a
scalable and flexible application platform solution that offers the cost benefits of hardware
consolidation with the safety and security of application sandboxing and resource management.

e  Cumulus, which is a cloud optimized software package for performing Earth science data ingest,
archive, and distribution capabilities to support all EOSDIS missions.

e Earth Observing System Networks, which provides effective access to EOSDIS. They depend on
end-to-end network connectivity between users and geographically distributed DAACs. The NASA
Earthdata website integrates information from across EOSDIS. Earthdata is the entry point for
EOSDIS data, articles, documentation, and collaboration. It leverages CMR to provide
comprehensive search capabilities. Earthdata offers new and experienced users an organized view of
EOSDIS resources and the latest events.

o The NASA Sentinel Gateway, which transfers data from a dedicated interface to the European
Commission's Copernicus Programme Sentinel 1, 3, and 5P satellite ground system. The Sentinel
Gateway transfers data from the Sentinel satellites to DAACs for archival and distribution to users.

For more information, see https://earthdata.nasa.gov.

DATA SYSTEM EvOLUTION (DSE)

The Data System Evolution project funds research opportunities, interagency initiatives, and promotion of
data and service interoperability through the development and implementation of standards. DSE is
composed of one competitive component, CSESP, and supports the Interagency Implementation and
Advanced Concepts Team (IMPACT) activity, which is responsible for the development of long-term
data records needed by NASA scientists. CSESP consists of two elements: the collection and analysis of
data by citizen scientists across all Earth Science focus areas, and technological development and
production of low-cost sensors for measurement and monitoring. NASA solicits proposals in this
competitive program element every three years.

IMPACT works with other government agencies to increase the use of NASA Earth observations. This
team assesses, independently evaluates, and makes recommendations to improve EOSDIS services and
processes; manages archiving of airborne science observations; and develops proof of concept data
system capabilities. NASA continues to design and implement a common system to host greenhouse gas
monitoring measurements from a variety of data sources.

DSE activities support the widespread use of NASA Earth science observations through the development
and implementation of standards, collaborations with other space agencies, and by leading activities to
improve the discoverability of NASA data.
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MAKING EARTH SYSTEM DATA RECORDS FOR USE IN RESEARCH ENVIRONMENTS
(MEASURES)

The overall objective of MEaSURE:s is to provide Earth science higher-level data products and services
driven by NASA’s Earth science goals. These data products, called Earth Science Data Records, are
critical for understanding Earth System processes; assessing variability, long-term trends, and changes in
the Earth System; and providing input and validation means to modeling efforts. MEaSUREs is a
competitive program element solicited every five years.

MEaSUREs emphasizes linking together multiple satellites into a constellation, developing the means of
utilizing a multitude of data sources to form a coherent time series, and facilitating the use of NASA’s
extensive data in the development of comprehensive Earth system models. In addition, MEaSUREs
activities include infusion or deployment of applicable science tools that contribute to data product quality
improvement, consistency, merging or fusion, or understanding.

Program Schedule

The ESDS program solicits research opportunities approximately every three years for ACCESS and
every five years for MEaSURESs. The ESDIS project continuously delivers software to improve
functionality and improve efficiency.

Date Significant Event

Q2 FY 2024 ROSES CSESP Solicitation Released

Q1 FY 2026 ROSES CSESP Solicitation Released

Q2 FY 2027 ROSES MEaSUREs Solicitation Released
Q2 FY 2028 ROSES MEaSURE:s Solicitation Released
Q2 FY 2029 ROSES CSESP Solicitation Released

Q2 FY 2029 ROSES MEaSURE:s Solicitation Released
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Program Management & Commitments

The ESM program at GSFC provides program management for the ESDIS project. NASA HQ manages

the DSE and MEaSUREs projects.

Program Element

Provider

EOSDIS core system

Provider: Various

Lead Center: GSFC
Performing Center(s): GSFC
Cost Share Partner(s): N/A

Alaska Synthetic Aperture Radar Facility
Distributed Active Archive Center (DAAC)
(Fairbanks, AK)

Provider: University of Alaska
Lead Center: N/A

Performing Center(s): N/A
Cost Share Partner(s): N/A

Atmospheric Science Data Center (Hampton, VA)

Provider: LaRC

Lead Center: LaRC
Performing Center(s): LaRC
Cost Share Partner(s): N/A

Goddard Earth Science Data and Information
System Center (Greenbelt, MD)

Provider: GSFC

Lead Center: GSFC
Performing Center(s): GSFC
Cost Share Partner(s): N/A

Land Processes Data Center (Sioux Falls, SD)

Provider: U.S. Geological Service (USGS)
Lead Center: N/A

Performing Center(s): N/A

Cost Share Partner(s): N/A

National Snow and Ice Data Center (NSIDS)
(Boulder, CO)

Provider: University of Colorado
Lead Center: N/A

Performing Center(s): N/A

Cost Share Partner(s): N/A

Oak Ridge National Laboratory DAAC (Oak
Ridge, TN)

Provider: Oak Ridge National Laboratory
Lead Center: N/A

Performing Center(s): N/A

Cost Share Partner(s): N/A

Physical Oceanography DAAC (Pasadena, CA)

Provider: JPL

Lead Center: JPL
Performing Center(s): JPL
Cost Share Partner(s): N/A
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Program Element

Provider

Socio-economic Data and Applications Center
(SEDAC) (Palisades, NY)

Provider: Columbia University
Lead Center: N/A

Performing Center(s): N/A
Cost Share Partner(s): N/A

Crustal Dynamics Data Information System
(Greenbelt, MD)

Provider: GSFC

Lead Center: GSFC
Performing Center(s): GSFC
Cost Share Partner(s): N/A

Global Hydrology Research Center (Huntsville,
AL)

Provider: University of Alabama
Lead Center: MSFC

Performing Center(s): MSFC
Cost Share Partner(s): N/A

Interagency Implementation and Advance
Concepts Team (Huntsville, AL)

Provider: MSFC

Lead Center: MSFC
Performing Center(s): MSFC
Cost Share Partner(s): N/A

Acquisition Strateqy

Research opportunities within DSE are available through NASA’s ROSES announcements. NASA

competitively selects ESDIS support contracts through full and open competition.

MAJOR CONTRACTS/AWARDS

Element Vendor

Location (of work performance)

EOSDIS Evolution & Development | Raytheon

Riverdale, MD

NSIDC University of Colorado Boulder, CO
Alaska SAR Facility University of Alaska Fairbanks, AK
SEDAC Columbia University Palisades, NY
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INDEPENDENT REVIEWS

The American Customer Satisfaction Index (ACSI) measures customer satisfaction with the NASA

EOSDIS at a national level for each DAAC on an annual basis. NASA EOSDIS scored a 79 on the ACSI
survey in 2022. It also identifies the key arcas that NASA can leverage across its DAACs to continuously
improve its service to its customers.

Review

Date of

Type Performer Review Purpose Outcome
Quality ACSI 2023 Survey current EOSDIS users to assess | po qino Rejease
satisfaction with current services
Earth Science Annual review to assess progress against The program fully
Performance | Advisory 2023 Earth Science performance goals and met expectations for
Committee overarching strategic objective the research program
Quality ACST 2024 Anpual survey of EOSDIS users to assess TBD
satisfaction with services
Quality ACST 2025 Annual survey of EOSDIS users to assess TBD

satisfaction with services
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 102.2 -- 147.2 109.4 110.6 111.8 113.0

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

Advanced technology plays a major role in enabling
Earth science research and applications. The Earth
Science Technology Program (ESTP) enables
previously infeasible science investigations,
improves existing measurement capabilities, and
reduces the cost, risk, and/or development times for
Earth science instruments and information systems.

EXPLANATION OF MAJOR CHANGES IN
FY 2025

The request includes $40 million in FY 2025 to
begin work to develop the first space-borne gravity
gradiometer. This new technology will make use of
atomic interferometry to measure gravity with
unprecedented sensitivity and has the potential to
both continue the measurements made by NASA's
Gravity Recovery and Climate Experiment
(GRACE) and GRACE Follow-On missions while
substantially improving gravity measurements to
address new and critically important science :
questions. The ESTP's Multiband Uncooled Radiometer Imager
(MURI) instrument was launched by the SpaceX
Transporter 6 on January 3, 2023, as one of several
ACHlEVEMENTS INFY 2023 hosted payloads within the Loft Orbital YAMS
SmallSat. MURI is testing a new two-band longwave
infrared (10.8um and 12.0um) radiometric imager
that utilizes an uncooled focal plane array, which does
not require a bulky, heavy cryogenic cooler. Above is

ESTP executed 175 active tasks in 2023, awarded to
a variety of institutions including NASA centers,
industry, and academia as well as other government

agencies, Federally Funded Research and o an image from MURI on July 8, 2023, showing a
De've‘lopment Cenjters, and nonprofit organizations. portion of the Los Angeles basin in California.
Within the portfolio, 31 percent of the tasks (Credit: Leonardo DRS)

advanced at least one Technology Readiness Level
(TRL) and at least 10 tasks advanced more than one TRL. Historically, student participation in ESTP
tasks has been substantial, with a cumulative total of at least 1,179 students from 171 institutions
participating in the program. 157 students from 48 institutions participated in technology development
efforts in FY 2023.
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The ESTP infused at least 18 tasks into science measurements, airborne campaigns, data systems, or other
operational activities during the year. For example, in Spring 2023 NASA deployed two new atmospheric
radar instruments, CloudCube and the Vapor In-Cloud Profile Radar (VIPR), to the Scripps Pier in

La Jolla, CA, to support the DoE’s Eastern Pacific Cloud Aerosol Precipitation Experiment (EPCAPE). A
year-long, campaign, EPCAPE seeks to characterize the cloud cover, cloud thickness, cloud altitude,
radiative properties, aerosol interactions, and precipitation of stratocumulus clouds in the eastern Pacific.
VIPR, a 2016 Instrument Incubator Program (IIP) investment, is obtaining humidity profiling inside of
clouds, as well as precipitation with high vertical resolution. CloudCube, a 2019 IIP award, is measuring
the vertical profile of clouds and precipitation, as well as Doppler velocities.

In another example of technology infusion, the real-time radio frequency interference processing
demonstrated by ESTP's CubeSat Radiometer Radio Frequency Interference Technology (CubeRRT)
validation project is being applied to two ESA missions: The Copernicus Imaging Microwave Radiometer
(CIMR) mission, which will carry a wide-swath conically-scanning multi-frequency microwave
radiometer to provide observations of sea-surface temperature, sea-ice concentration and sea-surface
salinity; and the Meteorological Operational series of satellites, which provides weather data services.

As a final example, the program is transitioning the Ecological Spectral Information System, a set of
open-source software tools and data-derived spectral models developed under ESTP's Advanced
Information Systems Technology (AIST) project, to operational use at the Oak Ridge National Laboratory
Distributed Active Archive Center (ORNL DAAC). ORNL DAAC, one of several NASA data archives,
specializes in terrestrial biogeochemistry, ecology, and environmental processes.

In January 2023, the ESTP also successfully launched a technology demonstration, the MURI instrument,
as a hosted payload on the Loft Orbital YAMS SmallSat. This technology will enable future low-cost
instruments for thermal imaging of Earth.

WORK IN PROGRESS IN FY 2024

ESTP will continue ongoing technology tasks and fund new ones under solicitations that will be issued
during the fiscal year. Awards will continue to reflect the full breadth of NASA Earth science needs,
while also supporting the NASA Wildland FireSense, Earth Information Center (EIC), and Greenhouse
Gas (GHG) efforts and initiating the Quantum Gravity Gradiometer.

ESTP's FireSense Technology element, which is part of the NASA Wildland FireSense effort, released a
second solicitation in late FY 2023 and expects to make selections in mid-FY 2024. The FY 2023
solicitation included the leveraging of existing commercial capabilities, particularly in low-cost, scalable,
infrared sensing. NASA released a solicitation for the In Space Validation of Earth Science Technologies
(InVEST) element in late FY 2023. Those awards, which will aim to validate emerging technologies on
orbit, are expected in FY 2024.

ESTP plans to solicit proposals for the IIP element, the AIST program element, and the Decadal Survey
Incubation (DSI) program elements, with awards expected in late FY 2024 or early FY 2025.

ESTP has two upcoming space validation launches for FY 2024, both tentatively scheduled for March
2024: the Hyperspectral Thermal Imager 6-unit CubeSat and the SigNals-Of-Opportunity P-band
Investigation 6-unit CubeSat.

ESTP's AIST project will continue to develop a digital twin Earth prototype framework leveraging
several tasks. The digital twin Earth prototype will mirror localized Earth science systems and utilize the
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combination of data analytics, machine learning, and state-of-the-art models to conduct "what if"
investigations that can result in actionable predictions and relate natural and physical events to human
activities.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

ESTP technology development will continue to reflect the full breadth of NASA Earth science needs,
while incorporating requirements from the Earth Science Decadal Survey as well as the NASA Wildland
FireSense, GHG, EIC, and Quantum Gravity Gradiometer efforts.

ESTP plans to select new awards under the IIP element, the AIST program element, the DSI program
element, and the FireSense Technology program elements. The program will also release a solicitation for
the Advanced Component Technologies (ACT) program element, with awards made by early FY 2026.

NASA expects three launches of ESTP validation missions as hosted payloads: the Geodetic Reference
Instrument Transponder for Small Satellites, the Global L-band Active/Passive Observatory for Water
Cycle Studies, and the Aerosol Radiometer for Global Observation of the Stratosphere.

Program Elements

ADVANCED TECHNOLOGY INITIATIVES (ATI)

This project enables development of critical component and subsystem technologies for instruments and
platforms, mostly in support of the Earth Science Decadal Survey, through the Advanced Component
Technology element. Current awards focus on areas such as laser transmitters, passive optical
technologies, and microwave and calibration technologies. Other awards support measurements of solar
radiance, ozone, aerosols, and atmospheric gas columns for air quality and ocean color, and for coastal
ecosystem health and climate emissions.

The InVEST activity selects new technologies to validate in space prior to use in a science mission. This
is necessary because the space environment imposes stringent conditions on components and systems,
some of which cannot be tested on the ground or in airborne systems. Validation of Earth science
technologies in space will further reduce the risk of new technologies in future Earth Science missions.

Technology development for support of Wildfire Science, Management, and Disaster Mitigation
(FireSense Technology), will seek new, innovative Earth system observation capabilities to predict and
manage wildfires and their impacts. The FireSense Technology element collaborates with the Earth
Science Applied Science, Responsive Science Initiatives and the Research and Analysis programs, the
ARMD, and the Small Business Innovative Research program. FireSense Technology will work closely
with interagency partners such as NOAA, the U.S. Forest Service, the California Department of Forestry
and Fire Protection, the National Interagency Fire Center, and others. In doing so, FireSense Technology
will leverage NASA resources to improve the end-to-end management of wildfires in the United States
and around the world. Over the next four to five years, FireSense Technology will execute a series of
airborne field campaigns to test novel technologies for reducing impact of wildfires, while demonstrating
their usefulness to operational wildland fire management agencies. These technologies will make use of
broad capabilities in instrument and information technology, along with new observing platforms in
space, in the air, and on the ground.
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INSTRUMENT INCUBATOR

This project develops instruments, instrument concepts, and measurement techniques at the system level,
including laboratory breadboards and operational prototypes that often lead to ground or airborne
demonstrations. These instrument prototypes provide multiple measurements to support the broad needs
of Earth science, such as greenhouse gases, ocean color, and solar spectrum (from ultraviolet to infrared).
Instrument Incubator supports the development of instrument design and prototyping through laboratory
and/or airborne demonstrations for innovative measurement techniques that have the highest potential to
meet the measurement capability requirements of the NASA Earth science community across the optical
and the microwave spectrum.

A major change planned for the Instrument Incubator project is the formulation of the Atomic
Interferometer — Gravity Gradiometer Technology Demonstration. Under this effort, a new capability will
be enabled for mass change measurements, which are critical for monitoring key aspects of global
change. Conventional techniques, which involve the measurement of relative gravitational differences
between two satellites, provide science data at a resolution of about 300km. The most recent decadal
survey states a desire for resolution of about 100km to enable measurements of water-storage change in
very large drainage basins and to understand the implications of glacial isostatic adjustment. The purpose
of the demonstration mission is to advance the evolution of ultracold atoms in a microgravity
environment such that a detailed understanding of sensor-platform interactions can be realized, to validate
the long-term stability performance of atomic sensors, and to provide raw atomic sensor measurement
data for evaluation by the science community to enable a future mission. Such a mission is expected to
achieve long-term cost reduction and provide an order of magnitude improvement in sensitivity.

DECADAL INCUBATION

NASA created this project in response to the recommendation of the 2017 Earth Science Decadal Survey.
It focuses on maturing observing systems, instruments, technologies, and measurement concepts to
address high priority science for the decade 2027-2037 decade in two targeted observable areas. These
observable areas are the Planetary Boundary Layer and Surface Topography and Vegetation. Anticipated
developments in this project include various observation and information system technologies,
modeling/system design, analysis activities, and small-scale pilot demonstrations in support of the two
observable areas. NASA currently funds 35 awards made from the DSI-21 solicitation.

ADVANCED INFORMATION SYSTEMS TECHNOLOGY (AIST)

This project develops end-to-end information systems technologies that enable new Earth observation
measurements, information products, and information system frameworks. The technologies help access,
fuse, analyze, and visualize Earth science data and integrate them into cross-cutting information systems
that facilitate science investigations, decision making and dissemination to all potential users. Currently,
AIST activities focus on three primary areas needed to support future Earth science measurements.

e Novel Observing Strategies (NOS): NOS projects dynamically coordinate and collaborate
observations across multiple platforms (space, air, ground) to optimally acquire a more complete
picture of Earth Science phenomena. NOS can be described as a federated Observing System, a
generalized SensorWeb concept in which each node can be an individual sensor, a group of sensors, a
constellation of satellites (e.g., the ESO concept), a model or integrated models, or even database(s)
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or any other source of relevant information, that have varying degrees of coordination to achieve a
common science objective.

e Earth System Digital Twins (ESDTs): ESDTs represent an emerging capability for understanding,
forecasting and conjecturing the complex interconnections among Earth systems, including
anthropomorphic forcings and impacts to humanity. The ESDT thrust will develop capabilities toward
the development of future digital twins of the Earth or of subcomponents of the Earth, as well as
toward the development of an overarching framework that will continuously evolve and connect the
various components developed by Research and Analysis, Applied Sciences, Data Systems, and
Computational Capabilities from other Earth Science programs.

e Analytic Collaborative Frameworks (ACF): The development of the third area, ACF, complements
the first two areas. ACF technology tasks aim to harmonize tools, data, and computing environments
to meet the needs of Earth science investigations of physical processes and natural phenomena
through a reusable, common architecture. ACF systems provide the tools to handle the large amounts
of diverse data provided by NOS systems and to address previously intractable scientific questions,
potentially providing a feedback loop to NOS, determining needs for additional observations. The
ACEF thrust will also develop the capabilities needed to develop the digital replicas that are at the heart
of ESDTs. Additionally, ACF projects generalize custom or unique tools to make them accessible and
useful to a broader community.

Program Schedule

Date Significant Event

QI FY 2024 ROSES-2023 selection no earlier than six months of receipt of proposals
Q2 FY 2024 ROSES-2024 solicitation

Q1 FY 2025 ROSES-2024 selection no earlier than six months of receipt of proposals
Q2 FY 2025 ROSES-2025 solicitation

Q1 FY 2026 ROSES-2025 selection no earlier than six months of receipt of proposals
Q2 FY 2026 ROSES-2026 solicitation

QI FY 2027 ROSES-2026 selection no earlier than six months of receipt of proposals
Q2 FY 2027 ROSES-2027 solicitation

QI FY 2028 ROSES-2027 selection no earlier than six months of receipt of proposals
Q2 FY 2028 ROSES-2028 solicitation

QI FY 2029 ROSES-2028 selection no earlier than six months of receipt of proposals
Q2 FY 2029 ROSES-2029 solicitation
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Program Management & Commitments

Program Element

Provider

Instrument Incubator

Provider: Various

Lead Center: HQ

Performing Center(s): GSFC, JPL, LaRC, MSFC, AFRC
Cost Share Partner(s): N/A

Provider: Various
Lead Center: HQ

AIST
Performing Center(s): GSFC, JPL, LaRC, MSFC, ARC, JSC
Cost Share Partner(s): N/A
Provider: Various
Lead Center: HQ
ATI

Performing Center(s): GSFC, JPL, LaRC, ARC
Cost Share Partner(s): N/A

Decadal Incubation

Provider: Various

Lead Center: HQ

Performing Center(s): GSFC, LaRC, JPL
Cost Share Partner(s): N/A

Acquisition Strateqy

NASA primarily procures tasks through full and open competition, such as through the ROSES
announcements. The solicitation of technology investments is competitive and selected from NASA
centers, industry, and academia, as well as other government agencies, Federally Funded Research and
Development Centers, and nonprofit organizations.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

Review Type Performer

Date of Review | Purpose Outcome

Assessment

External reviewers
from academia and
industry, To Be
Determined

Provide an independent

technical assessment of the goals ]];2 tlgrinine a4
Mid-FY 2024 and strategy for the execution of ’
. . expected late

the quantum gravity gradiometer FY 2024

experiment
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FY 2025 Budget

Op Plan CR Request
Budget Authority (in $ millions) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 FY2028 FY 2029
Total Budget 75.2 -- 68.6 73.3 73.5 75.8 75.9

For background information on FY 2023 and FY 2024 funding amounts, please see footnotes in the front tables of
this chapter or in the section titled "FY 2025 President's Budget Request Summary."

The Applied Sciences program leverages
NASA Earth Science satellite
measurements and new scientific
knowledge to enable innovative and
practical uses by public and private sector
organizations. It supports near-term uses of
Earth science knowledge, discovers and
demonstrates new applications, facilitates
adoption of applications, and builds
capabilities.

Applied Sciences projects improve
decision-making activities to help the
United States better manage its resources,
improve quality of life, and strengthen the
economy. NASA develops Earth science
applications in collaboration with end-users
in public, academic, and private
organizations.

The program supports activities in thematic
Earth science applications areas, in
capacity building with uses of Earth

BERGEE A TN
The Mzaerate Resoﬁlﬁon Imaging Specroralometer on
NASA'’s Terra satellite acquired this image of Hurricane Idalia
on August 29, 2023, as the hurricane approached the Gulf
Coast. Idalia was a Category 3 hurricane when it made landfall
and brought a devastating storm surge with it. NASA’s
Disasters program activated to support response efforts for the
coastal area, with the program sharing Earth observing data
and imagery to help identify damage and assess impacts.

observations, and in planning for future NASA missions.

Examples of these include:

e Disaster-response and aid organizations use data from multiple Earth-observing satellites to identify
damaged areas following disasters, such as hurricanes, floods, and wildfires.

o The U.S. Department of Veterans Affairs uses NASA Earth observations of smoke and other air
pollution to study the health impacts on veterans deployed to Afghanistan, Iraq, and other areas of

Southwest Asia.

e State and local governments use satellite-based water quality data to assess algal bloom magnitude,
frequency, duration, and extent to map indicators and threats to human health from harmful algal

blooms.

e Tourism industries, coastal resource managers, and others use satellite data to identify the amount and
location of Sargassum seaweed in the Atlantic and the Gulf of Mexico to mitigate Sargassum
beaching events that cause serious problems for the environment, human health, and economy.
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e Local governments use satellite-based land-surface temperature data, emissivity data, and imagery to
identify populations most vulnerable to extreme heat and guide service efforts.

o The Navajo Nation uses satellite observations as part of a Drought Severity Evaluation Tool to target
interventions and allocate drought relief funding more efficiently and equitably.

The program supports the development of these products in the decision-making process of user
organizations. The program encourages potential users to envision and anticipate possible applications
from upcoming satellite missions and to provide input to mission development teams to increase the
societal benefits of NASA missions.

For more information, go to: https://appliedsciences.nasa.gov/

EXPLANATION OF MAJOR CHANGES IN FY 2025

Starting in FY 2025, NASA moved the following elements from the Applied Sciences program to the new
Responsive Science Initiative (RSI) program:

e All contributions made to broader Earth Science Division (ESD) efforts (e.g., ESD Global
Partnerships and NEX) and division-wide contracts.

e  Western Water Applications Office, the Health and Air Quality Science Team, and all Applied
Sciences contributions to the U.S. Greenhouse Gas Center and the Earth Information System.

e the Agriculture project, including support for the Harvest and Acres consortia.

e the Wildland Fires project, including support for wildland fire applications and the Firesense project
that support U.S. wildland fire management.

The amount transferred from the Applied Sciences program to the Responsive Science Initiative program
for these program elements is approximately $26 million. The request also reduces the number of new
grants in competed application areas, including Climate Resilience, Ecological Conservation, Health and
Air Quality, and Water Resources. Previously awarded grants will continue to be funded.

ACHIEVEMENTS IN FY 2023

The Disasters project significantly advanced the state of disaster science while simultaneously enabling
decisions for disaster response around the world. Novel results included the use of artificial intelligence to
understand the impact of disasters on critical infrastructure, while other teams used satellite data to inform
agricultural insurance assessments for hail globally. The project supported response activities for key
partners including the Federal Emergency Management Agency, United States Agency for Internal
Deployment (USAID) Bureau of Humanitarian Affairs, World Central Kitchen, and The International
Federation of Red Cross and Red Crescent Societies. In FY 2023, the NASA Disasters Mapping Portal
posted 79 data services, featuring more than 2,000 images and datasets, for 18 different supported
disasters domestically and abroad.

The Health and Air Quality effort within the Applications project supported critical resources to
disseminate important information and data covering health surveillance, the effects of global climate
change on public health, and air quality management. Demonstrating this impact, a health and air quality
task successfully tested a portal to help air quality management assess the risk of poor air quality due to
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wildfire smoke. During fire season, this team additionally held weekly briefings on air quality impacts for
21 stakeholder organizations in state and federal air quality management.

The Water Resources effort within the Applications project addressed critical water challenges in the
United States and globally. The NASA developed tool, OpenET, supported data needs for federal water
accounting systems and processes, regional water resource managers, and individual landowners in

FY 2023. In the State of California, farmers and water rights holders were able to, for the first-time, use
OpenET to meet the State Water Use Control Board reporting requirements, replacing complicated and
expensive monitoring systems and automating onerous reporting requirements.

The Capacity Building project continued to build greater knowledge of remote sensing in the

United States and around the globe. The SERVIR program (managed jointly with USAID) worked with
its global network to conduct 65 projects and 101 trainings that reached over 2,900 individuals from 54
countries. In January 2023, SERVIR launched its Southeast Asia hub, expanding geographically from the
Mekong region.

The Applied Remote Sensing Training (ARSET) program element conducted 15 trainings that netted a
reach of 13,345 instances of participation from 158 countries, 53 U.S. states and territories, and more than
5,100 organizations. The Digital Earth Virtual Environment and Learning Outreach Program
(DEVELOP) program element, a workforce development effort that partners early career professionals
with user organizations to apply Earth science data, conducted 63 feasibility projects and engaged 269
young professionals.

Capacity Building’s Community Action Equity and Environmental Justice element onboarded a team of
associate program managers who are managing 41 tasks. These tasks support domestic environmental
justice efforts in 21 U.S. states and territories across a broad range of thematic topics, such as extreme
heat and urban heat islands, health and air quality, urban greenspace, flooding, wildfires, urbanization,
and agriculture.

WORK IN PROGRESS IN FY 2024

In FY 2024, NASA is competing the establishment of a new initiative called Catalyst to catalyze
biodiversity conservation at large scales, starting in the State of California. This solicitation will establish
a central resource center; support cutting-edge technological development combining next generation in
situ and airborne datasets with NASA Earth observing capability to enable conservation decision-making;
leverage existing integrated datasets, platforms, and tools to address the immediate needs of conservation
decision-makers; and demonstrate the ability of cross-leveraged platforms to visualize the complex
natural histories of California and the surrounding western United States

The Disasters project is launching the Disaster Response Coordination System (DRCS), which will
formalize NASA’s approach for leveraging the best available science, technology, and expertise in
support of domestic and international disaster response. The DRCS will provide an all-of-NASA
approach to disaster response by leveraging all of NASA’s assets to provide data and decision support and
evolve into a consistent, reliable partner for federal, state, local, and tribal disaster responders. The
Disasters project will also direct several new tasks to advance the science of disaster risk reduction,
recovery, and resilience and develop a new generation of researchers focused on the connections between
disasters and extreme events and the communities exposed to the increasing impacts of these events.

Within the Capacity Building project, Community Action will continue 39 environmental justice science
tasks with the goal of assessing the potential applications of and feasibility to use and to integrate
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socioeconomic data and Earth observations. These efforts are informing solutions related to
environmental justice issues directly impacting underserved communities, consistent with the
Administration's environmental justice and equity goals. SERVIR’s fourth Applied Sciences team will
continue collaborating with the hubs in southeast Asia, Hindu Kush Himalaya, West Africa, and
Amazonia, and with stakeholders in eastern and southern Africa. SERVIR will start serving the sixth
region, Central America, deepening the program impact and scaling services within the region. SERVIR
will additionally begin expanding a new service area in air quality and health.

ARSET plans to conduct 17 trainings with learning materials available in both English and Spanish.
DEVELOP will conduct over 50 project activities and engage more than 200 young professionals.

In FY 2024, The Prediction of Worldwide Energy Resources (POWER) task will release a new version of
its data services that will improve the usability of NASA observations in support of renewable energy and
energy efficiency.

KEY ACHIEVEMENTS PLANNED FOR FY 2025

Within the Capacity Building project, FY 2025 will complete the first full year of operations for the
SERVIR Central America hub. The SERVIR hubs and their partners will be able to use the results of

20 grants conducted by the competitively selected SERVIR Applied Sciences Team and NASA will select
the next SERVIR Applied Sciences Team. ARSET will expand trainings in additional topic areas and
DEVELOP will increase participants and projects.

In FY 2025, the Disasters project will advance disaster science to better inform cascading, compound, and
complex events that lead to billion-dollar disasters and render communities incapable of recovering to
their fullest.

As a part of the Ecological Conservation task, the Catalyst initiative will complete its first year of
activities, demonstrating the ability of cross-leveraged platforms to visualize the complex natural histories
of the western United States.

In FY 2025, the POWER Project will enhance its data services to the energy efficiency and renewable
energy community by incorporating observations from new NASA satellite missions. POWER will also
build on a pilot task supporting energy efficiency planning efforts at NASA centers and facilities by
expanding the availability of climate projection information in its data services to a global domain.

Program Elements

CAPACITY BUILDING

The Capacity Building project enhances the United States and developing countries’ capacity (e.g.,
human, scientific, technological, institutional, and resource capabilities) to make decisions informed by
Earth science data and models. Capacity Building develops skills in current and future workforce and
creates opportunities in under-served areas to broaden the benefits of Earth observations. This project
supports training, information product development, experiential learning to co-develop demand-driven
products, data access tools, short-term application test activities, user engagement, and partnership
development. This project has four primary elements:
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e SERVIR: A joint venture with USAID that enables emerging economy countries to improve their
environmental management and resilience to climate change through uses of Earth observations in
development decision-making.

e ARSET: A professional-level training program for accessing and using Earth observations data
through computer-based webinars and hands-on courses for all types of organizations.

e DEVELOP: A national training and development program for individuals to gain experience applying
Earth observations through 10-week interdisciplinary activities co-developed with users to address
community needs.

e Community Action: Activities focused on advancing equity and environmental justice, strengthening
skills of Indigenous groups to use Earth observations for land management decisions and actions, and
prizes and challenges to reach new communities with new ideas to address Earth science applications
needs.

MISSION AND APPLIED RESEARCH

The Mission and Applied Research project enables involvement by applications-oriented users in the
planning and development of Earth Science satellite missions. It enables end-user engagement to identify
applications early in and throughout the mission life cycle and integrates end-user needs in design and
development, enabling user feedback and broadening advocacy. Mission and Applied Research organizes
community workshops to identify priority needs as well as studies to inform design trade-offs and identify
ways to increase the applications value of missions. This project advises flight projects on activities to
develop the applications dimension of a mission in development to help broaden benefits and maximize
the return from the investment in the mission.

DISASTER SUPPORT

The Disaster Support project enables the development of innovative and time-relevant applications using
NASA satellite mission data in concert with novel approaches to understanding community exposure and
vulnerability to a range of hazards and extreme events. The project sponsors the use and integration of
Earth observations in the decisions and actions of disaster-management and disaster-financing
organizations, including the pursuit of feasibility studies and needs assessments, in-depth engagements,
and workshops. The project also sponsors a Disaster Response Coordination System that coordinates
across NASA centers to enhance the value and usability of NASA Earth Science products in support of
domestic and international disaster response across a wide range of disaster types, including floods, fires,
earthquakes, volcanoes, and landslides. Furthermore, this project pursues strategic partnerships with
disaster groups that can carry forward NASA-developed information and tools to support the disaster
management communities they serve. The project will begin to place a greater focus on disaster risk
reduction, improving early warning, and helping partners take anticipatory action and build resilience to
complex and cascading disasters.

APPLICATIONS

The Applications project sponsors the integration of Earth observations in the decisions and actions of
community organizations. There are formal Applications program elements in Climate Resilience,
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Ecological Conservation, Energy and Infrastructure, Health and Air Quality, and Water Resources. Two
formal program elements that had been in the Applications project of the Applied Sciences program,
Agriculture and Wildland Fires, have moved to the RSI program.

The Applications program elements support feasibility studies, in-depth activities, applied science teams,
consortia, workshops, and needs assessments. Each Applications program element participates in major
conferences and events that their partners attend to meet and engage managers and users.

Climate Resilience: promotes uses of Earth science information to provide communities and
stakeholders with enhanced information, tools, applications, and resources that improve societal
resilience to current and future climate stressors. This area will conduct work through solicitation
efforts for applied research and applications development.

Ecological Conservation: promotes the use of Earth observations and models to analyze and forecast
changes that affect ecosystems and to develop effective resource management strategies. Primary user
communities are natural resource managers (both land and marine) and those involved in
conservation and sustainable ecosystem management.

Energy and Infrastructure: provides solar, meteorological, and other types of Earth information to aid
with decision-making related to renewable energy, building energy efficiency, and resilient
infrastructure. A major component of the energy and infrastructure Application program element is
the POWER tool.

Health and Air Quality: promotes the use of Earth observation data and models in the implementation
of air quality standards, policy, and regulations for economic and human welfare. Additionally, the
element addresses issues related to environmental health, infectious/vector-borne diseases, toxic and
pathogenic exposures, and other health-related hazards and their effects for risk characterization and
mitigation.

Water Resources: supports the use of Earth observations in water resources management related to
water demand, supply, and quality. The program element includes five functional themes: drought,
streamflow and flood forecasting, evapotranspiration and irrigation, water quality, and climate effects
on water resources.

In addition to these activities, the Applied Sciences program supports the following initiatives:

Group on Earth Observations (GEO) Work Programme: Applied Sciences supports specific elements
in the GEO Work Programme to further U.S. and NASA interests internationally, leveraging
resources of other countries and organizations. This initiative specifically fosters a broader
involvement of domestic organizations in a national approach to the GEO Work Programme,
increasing opportunities for these organizations.

NASA Lifelines Consortium: This consortium seeks to improve the use of Earth science information
in humanitarian decision-making so the most vulnerable and hardest-to-reach communities can meet
their immediate needs. NASA Lifelines is a community- and capacity-building initiative that connects
a wide range of experts across Earth science and humanitarian organizations to foster innovation that
helps communities better prepare for, respond to, and recover from wide-ranging events that
negatively impact lives and livelihoods.

The Collaborative Network for Valuing Earth Information (CONVEI) Consortium: This
multi-organizational consortium advances the approaches used for assessing the economic and
societal benefits of Earth observations in supporting decisions related to agriculture, water resources,
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disasters, health, conservation, environmental justice, and climate change. CONVEI focuses on
creating a collaborative network of Earth scientists and social scientists to share new approaches
across disciplines, build new capacities to assess the value of Earth science information, and advance
the next generation of satellite information to better support society’s most pressing decisions for
people and the planet.

Program Schedule

Date Significant Event

QI FY 2024 ROSES-2023 selections within six to nine months of receipt of proposals
Q2 FY 2024 ROSES-2024 solicitation release

Q1 FY 2025 ROSES-2024 selections within six to nine months of receipt of proposals
Q2 FY 2025 ROSES-2025 solicitation release

Q1 FY 2026 ROSES-2025 selections within six to nine months of receipt of proposals
Q2 FY 2026 ROSES-2026 solicitation release

QI FY 2027 ROSES-2026 selections within six to nine months of receipt of proposals
Q2 FY 2027 ROSES-2027 solicitation release

QI FY 2028 ROSES-2027 selections within six to nine months of receipt of proposals
Q2 FY 2028 ROSES-2028 solicitation release

Q1 FY 2029 ROSES-2028 selections within six to nine months of receipt of proposals
Q2 FY 2029 ROSES-2029 solicitation release

Program Management and Commitments

Program Element | Provider

Applications

Provider: Various
Lead Center: HQ
Performing Center(s): ARC, GSFC, JPL, LaRC, MSFC

Disease Control and Prevention

Cost Share Partner(s): U.S. Forest Service, National Park Service (NPS), U.S.
Department of Agriculture (USDA), NOAA), USGS, U.S. Fish and Wildlife Service,
Environmental Protection Agency (EPA), Bureau of Land Management, Centers for
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Program Element

Provider

Capacity Building

Provider: Various

Lead Center: Various

Performing Center(s): ARC, GSFC, JPL, MSFC, LaRC

Cost Share Partner(s): Groundwork USA, University of Georgia, Idaho State
University, Boston University, Colorado State University, University of Virginia,

University of Wyoming, Skidmore College, Arizona State University, NOAA, USGS,
USDA, USAID, State Department

Disaster Support

Provider: Various
Lead Center: HQ
Performing Center(s): ARC, GSFC, JPL, LaRC, MSFC

Cost Share Partner(s): USACE, BLM, USFS, USGS, NOAA, USDA Foreign
Agriculture Service, Earth Observatory of Singapore, Pacific Disaster Center, Willis
Towers Watson, MDA, U Colorado Boulder, Geotechnical Extreme Events
Reconnaissance Organization, Tonkin and Taylor Ltd

Mission and
Applied Research

Provider: Various
Lead Center: HQ
Performing Center(s): ARC, GSFC, JPL, LaRC, MSFC

Cost Share Partner(s): USDA, CNES, ISRO, Joint Research Centre, ESA, NOAA,
European Centre for Medium-Range Weather Forecasts

Acquisition Strateqy

NASA bases the Earth Science Applied Science acquisitions on full and open competition. Grants are
peer reviewed and selected based on NASA research announcements and other related announcements.

INDEPENDENT REVIEWS

Review Type | Performer Date of Review | Purpose Outcome
Earth Science Advisory Committee and Review strategic
Relevance Applied Sciences Advisory Committee Jan 2024 planning efforts TBD
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