National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)
NASA Total

Deep Space Exploration Systems
Common Exploration Systems
Development
Artemis Campaign Development
Human Exp Requirements & Architecture
Mars Campaign Development

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

23,271.3

6,396.5

1,100.0

7,290.7
1,996.5
2,693.2
1,770.9
751.0
791

828.7
127.0
2,936.5

1,918.3
1,018.2

387.7

58.1

44.2
23,271.3

Request
2022

1,425.0

7,931.4
2,250.0
3,200.0
1,575.2
797.2
109.1

914.8
147.0
3,049.2

2,028.8
1,020.4

315.6
74.7

46.0
24,801.5

Request
2023

24,801.5 25,973.8
6,750.2 7,478.3
4,483.7 4,668.4
2,062.0 2,600.3

9.5 48.3
195.0 161.3

1,307.5
1,759.5
975.0
224.3
TBD

1,437.9

7,988.3
2,411.5
3,160.2
1,556.0
760.2
100.4

971.5

150.1

3,208.7
2,154.4
1,054.3

348.1

76.2

48.4
25,973.8

2024
26,493.4

6,798.1

3,613.8
2,973.8
48.9
161.6

1,289.9
1,798.8
1,031.7
228.2
832.9

1,466.7
8,148.1
2,460.3
3,186.1
1,597.0
802.6
102.1
990.9
153.1
3,272.9

2,197.5
1,075.4

353.4

79.4

49.4
26,493.4

2025
27,023.3

6,813.4

3,111.9
3,489.3
49.5
162.7

1,302.1
1,848.7
1,053.1
229.4
972.3

1,496.0

8,311.1
2,589.0
3,197.4
1,578.5
842.0
104.1

1,010.7

156.2

3,338.4
2,241.5
1,096.9

360.5

81.0

50.4
27,023.3

2026
27,563.7

6,912.3

2,845.6
3,853.9
50.0
162.7

1,302.5
1,889.2
1,020.1

302.1
1,037.2

1,525.9
8,477.3
2,722.3
3,176.4
1,620.5

851.9

106.2
1,030.9
159.3
3,405.2

2,286.3
1,118.9

367.6

82.7

514
27,563.7

2027
28,114.8

7,040.8

2,376.8
4,450.7
50.5
162.8

1,302.9
1,914.8
948.6
435.0
1,070.5

2,782.0
3,299.0
1,625.6
831.9
108.4

1,051.5

162.5

3,473.3
2,332.0
1,141.3

376.6

82.7

524
28,114.8

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as adjusted by NASA's FY

2021 Operating Plan, December 2021.

BUD-1



National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022 column reflects the
FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-purpose Crew
Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million, contingent on assessments following

Artemis 1.
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)
NASA Total

Deep Space Exploration Systems

Orion Program
Crew Vehicle Development
Orion Program Integration and
Support

Space Launch System
Launch Vehicle Development
SLS Program Integration and Support

Exploration Ground Systems
Exploration Ground Systems
Development
EGS Program Integration and
Support

Gateway

Adyv Cislunar and Surface Capabilities
Human Landing System

XEVA and Human Surface Mobility
Program

Moon & Mars Architecture

Exploration Capabilities

Space Operations

International Space Station Program
ISS Systems Operations and
Maintenance
ISS Research

Crew and Cargo Program
Commercial Crew Program

Space Communications and Navigation
Space Communications Networks
Space Communications Support

Human Space Flight Operations

Human Research Program

Fiscal Year

23,271.3

1,403.7
1,387.8

15.9
2,555.0
2,488.4

66.6

580.0

569.2
10.8
501.5
45.0

928.3

197.3

176.2

1,321.6

1,013.8
307.8

1,573.2
298.7

506.0
398.3
107.7

97.8
115.0

24,801.5

1,406.7
1,388.8

17.9
2,487.0
2,414.0

73.0

590.0

585.3
4.7
685.0
82.0

1,195.0

100.0

195.0

1,327.6

1,048.2
279.4

1,617.2
153.0

522.6
3934
129.3
101.8
130.2

Request

25,973.8

7,478.3

1,338.7
1,325.3

134
2,579.8
2,505.7

74.0

749.9

747.3
2.6
779.2
59.6

1,485.6

275.9

161.3

1,307.5

1,041.7
265.8

1,642.0
117.5

528.5
415.0
113.4
101.5
151.2

2024
26,493.4

6,798.1

415.0
415.0

2,534.6
2,455.8
78.8
664.2
660.0
4.2
754.5
57.8
1,863.8

297.7

161.6

5,181.4

1,289.9

1,024.0
265.9

1,698.8
100.0

574.7
471.5
103.2
103.7

151.2

2025
27,023.3

6,813.4

116.5
116.5

2,484.6
2,393.2
913
510.8

503.8
7.0
685.4
62.9

2,246.1

494.9

2026
27,563.7

6,912.3

52.0
52.0

2,326.5
2,234.4
92.0
467.2

460.0

7.2
661.7
425.2

2,168.2

598.8

162.7 162.7
5,405.6 5,551.1
1,302.1 1,302.5
1,031.1 1,031.5

271.0 271.0

1,748.7
100.0

593.6
492.1
101.6
104.3
152.0

1,789.2
100.0

565.5
465.2
100.3
104.3
147.0

2027
28,114.8

1,925.5
1,832.7
92.7
432.3
425.0
73
758.2
555.6
2,5379

599.1

162.8

5,671.8

1,302.9

1,031.9
271.0

1,814.8
100.0

493.8
388.0
105.8
104.3
147.1
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Op Plan Request Request
Budget Authority ($ in millions) 2021 2022 2023 2024 2025 2026 2027
Launch Services 91.9 102.7 93.9 94.3 94.8 94.8 94.9
Rocket Propulsion Test 47.6 47.8 48.2 48.5 48.7 48.8 48.8
Communications Services Program 23.4 42.0 51.7 59.4 59.7 59.7 59.7
Orion Production & Sustainment - - TBD 786.9 925.3 990.2 1,022.5
Exploration Operations - - TBD 46.0 47.0 47.0 48.0
Space Technology 1,466.7 1,496.0
Early Stage Innovation and
Partnerships 117.5 145.0 155.9 159.5 162.7 169.9 188.2
Agency Technology and Innovation 8.4 9.4 9.6 9.8 10.0 10.0 10.0
Early Stage Innovation 89.2 115.6 125.3 127.6 130.1 137.3 155.6
Technology Transfer 19.9 20.0 21.0 22.1 22.6 22.6 22.6
Technology Maturation 227.1 491.2 471.6 481.1 491.2 497.6 493.1
Technology Demonstration 528.4 501.8 525.4 535.4 545.6 556.0 566.6
Solar Electric Propulsion (SEP) 26.2 24.2 18.5 15.9 17.8 5.8 3.8
OSAM-1 227.0 227.0 227.0 227.0 121.8 254 -
Small Spacecraft, Flight
Opportunities & Other Tech Demo 275.2 250.6 279.9 292.5 406.0 524.8 562.8
SBIR and STTR 227.0 287.0 285.0 290.7 296.5 302.4 308.5

Science

Earth Science Research
Earth Science Research and Analysis
Computing and Management
Earth Systematic Missions
Surface Water and Ocean
Topography Mission (SWOT)
NASA-ISRO Synthetic Aperture
Radar (NISAR)
Sentinel-6
Plankton, Aerosols, Clouds, ocean
Ecosystem (PACE)
Other Missions and Data Analysis
Earth System Explorers
Earth System Science Pathfinder
Venture Class Missions
MAIA
GeoCarb
Other Missions and Data Analysis
Earth Science Data Systems
Earth Science Technology
Applied Sciences

7,290.7

484.3
3525
131.8
773.1

68.9

90.8
8.0

145.1
460.4

286.8
200.7
17.5
16.1
525
299.6
83.7
69.0

7,931.4

593.5
409.9
183.6
749.8

27.8

58.0
22.8

81.9
559.4
6.6
391.0
226.4
70.0
39.7
54.9
344.4
91.1
73.5

7,988.3

534.9
368.9
166.0
998.1

47.5

58.6
403

112.8
739.0
234
308.4
194.5
13.1
47.6
533
366.1
102.3
78.2

8,148.1

575.6
389.6
186.0
979.3

10.5

29.0
63.9

733
802.7
36.3
274.8
146.3
26.5
49.0
529
406.7
105.9
81.8

8,311.1

597.5
394.2
203.3
1,061.3

10.6

25.0
552

20.9
949.5
92.0
237.5
125.7
20.2
43.8
47.8
383.9
114.1
102.8

8,477.3

609.6
402.7
206.8
1,119.6

6.5

14.9
25.6

223
1,050.3
150.2
219.3
167.7
1.7
9.4
40.5
399.1
117.7
106.7

8,646.8

622.1
411.0
211.1
1,034.5

6.5

16.5
8.7

7.5
995.3
251.3
230.4
181.9

0.6

6.7

41.2
414.8
119.0
109.9
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)

Fiscal Year

Op Plan
2021

Request
2022

Request
2023

2024

2025

2026

2027

Planetary Science Research
Planetary Science Research and
Analysis
Other Missions and Data Analysis

Planetary Defense
NEO Surveyor
Other Missions and Data Analysis

Lunar Discovery and Exploration
VIPER
Other Missions and Data Analysis

Discovery
Psyche
DAVINCI
VERITAS
Other Missions and Data Analysis

New Frontiers
Dragonfly
Other Missions and Data Analysis

Mars Exploration
Other Missions and Data Analysis

Mars Sample Return

Outer Planets and Ocean Worlds
Jupiter Europa
Other Missions and Data Analysis

Radioisotope Power

Astrophysics Research
Astrophysics Research and Analysis
Balloon Project
Science Activation
Other Missions and Data Analysis
Cosmic Origins
Hubble Space Telescope (HST)
James Webb Space Telescope
Other Missions and Data Analysis
Physics of the Cosmos
Exoplanet Exploration
Nancy Grace Roman Space
Telescope
Other Missions and Data Analysis
Astrophysics Explorer
Spectro-Photometer for the History of
the Universe, Epoch Of Reonization,
and Ices Explorer
Other Missions and Data Analysis

304.1

2232
80.9
158.1
313
126.8
443.5
99.1
344.4
447.7
175.6
3.5
6.5
262.1
150.9
86.0
64.9
339.5
3395
241.6
461.5
434.8
26.7
146.3

249.3
91.1
44.8
45.6
67.8

618.5
933

414.7

110.5

146.4

552.4

505.2
472
204.4

68.5
135.8

309.0

221.3

87.8
202.1
143.2

58.9
497.3
112.2
385.0
336.7
138.7

13.5

13.0
171.5
288.7
224.1

64.6
270.7
270.7
653.2
493.7
472.1

21.6
148.6

280.3
107.4
45.8
55.6
71.5
318.9
98.3
175.4
45.2
165.8
544.7

501.6
43.1
265.5

107.9
157.6

298.6

213.1
85.5
87.7
39.9
47.8

486.3
97.0

389.3

230.0
38.8
22.8
572

111.2

478.4

390.4
88.1

233.9

233.9

822.3

356.8

345.0
11.8

166.3

329.8
111.0
45.7
55.6
117.6
298.5
93.3
172.5
32.7
159.9
522.2

482.2
40.0
245.6

78.7
166.9

299.4

216.6
82.8
116.5
75.0
41.5
458.3
30.6
427.7
369.6
29.0
56.7
123.9
160.1
415.0
317.8
972
223.8
223.8
800.0
313.8
303.3
10.5
189.7

350.8
113.0
46.3
55.6
135.9
316.5
98.3
187.0
312
188.1
450.2

407.3
429
291.4

75.0
216.4

309.3

226.3

83.0
181.5
140.0

41.5
458.3
458.3
540.5

32.0
163.3
154.9
190.3
453.8
326.1
127.6
211.7
211.7
700.0
130.3
101.2

29.1
212.1

345.5
114.1
46.3
55.6
129.5
316.3
98.3
187.0
31.0
182.4
423.0

380.0
43.0
311.3

24.0
287.3

324.9

230.0

94.8
242.5
200.0

425
458.3
458.3
594.7

32.0
105.5
223.8
2333
409.6
265.2
144.4
226.8
226.8
600.0
120.5

80.6

39.9
199.2

348.4
115.2
46.3
55.6
131.2
316.6
98.3
187.0
313
182.2
388.4

345.7
42.7
385.0

6.0
379.0

3423

219.4
122.9
247.7
200.0

47.7
468.3
468.3
686.4

354
177.5
250.8
222.6
401.1
213.8
187.3
242.1
2421
612.1
127.9

71.7

50.2
171.0

350.1
116.4
46.3
55.6
131.9
316.6
98.3
187.0
313
177.6
258.0

216.6
414
523.2

0.1
523.1
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Aeronautics

STEM Engagement

Safety, Security, and Mission Services

Airspace Operations and Safety
Program 132.0 1474 156.2 159.0 164.2 183.6 196.8
Advanced Air Vehicles Program 2114 243.7 253.2 269.5 287.2 270.5 235.9
Integrated Aviation Systems Program 238.7 258.6 288.9 287.1 284.0 296.4 3223
Low Boom Flight Demonstrator 97.3 74.6 36.9 15.3 - -- --
Electrified Powertrain Flight
Demonstration 76.9 86.2 106.7 85.7 28.4 23.6 13.0
Other Projects 64.5 97.8 145.4 186.0 255.6 272.8 309.3
Transformative Aero Concepts
Program 129.7 148.0 155.9 158.0 158.0 163.0 176.6
Aerosciences Evaluation and Test
Capabilities 116.9 117.0 117.3 117.3 117.3 117.3 119.9

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

Agency Technical Authority

127.0

2,936.5

667.2

914.8

147.0

3,049.2

612.2 |
7315 |

685.1

186.8

971.5

150.1

3,208.7

667.4 |
761.2 |

725.8

990.9

153.1

3,272.9

1,010.7

156.2

3,338.4

Op Plan Request Request
Budget Authority ($ in millions) 2021 2022 2023 2024 2025 2026 2027
Heliophysies | 7510 7972 | 7602 | 8026 8420 8519 8319
Heliophysics Research 280.8 216.1 2254 224.7 226.2 226.0 226.0
Heliophysics Research and Analysis 77.0 52.0 535 52.6 54.6 56.6 56.6
Sounding Rockets 73.6 62.6 69.2 69.2 69.2 69.2 69.2
Research Range 32.0 28.2 26.9 279 26.9 26.9 26.9
Other Missions and Data Analysis 98.2 73.4 75.7 75.0 75.5 73.3 73.3
Living with a Star 110.8 110.1 137.3 133.1 224.1 241.3 200.4
Other Missions and Data Analysis 110.8 110.1 137.3 133.1 224.1 241.3 200.4
Solar Terrestrial Probes 133.3 234.3 188.8 199.1 117.5 717.2 61.4
Interstellar Mapping and Acceleration
Probe (IMAP) 66.2 166.3 120.8 144.5 59.2 39.5 239
Other Missions and Data Analysis 67.1 68.0 68.0 54.6 583 37.7 375
Heliophysics Explorer Program 162.7 180.2 157.9 190.9 222.6 270.2 307.5
Other Missions and Data Analysis 162.7 180.2 157.9 190.9 222.6 270.2 307.5
Space Weather 44.3 26.5 22.3 31.9 34.5 24.2 22.7
Heliophysics Technology 19.2 29.9 284 23.0 17.3 13.0 14.0

1,030.9

159.3

3,405.2

548.6 |
702.5 |

1,051.5

162.5

3,473.3
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Op Plan ‘ Request ‘ Request

Budget Authority ($ in millions) 2021 2022 2023 | 2024 2025 2026 2027

Center Engineering, Safety, &
Operations

835.4 833.7 859.2 876.4 893.9

911.8 930.1

Construction and Environmental Compliance
and Restoration

390.3 424.3 432.8 441.5 450.3 459.3

Institutional CoF 205.8 | 2406 | 3534
Exploration CoF . 89.3 | |
Space Operations CoF . 20.5 | |
Science CoF . -- ‘ -- }

Inspector General
NASA Total

44.2
23,271.3

46.0
24,801.5

48.4
25,973.8

49.4
26,493.4

50.4
27,023.3

514
27,563.7

524
28,114.8

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as adjusted by NASA's FY
2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022 column reflects the
FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-purpose Crew

Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million, contingent on assessments following
Artemis I.
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MESSAGE FROM THE ADMINISTRATOR

President Biden’s Fiscal Year (FY) 2023 Budget for NASA reflects the Administration’s confidence in this
Agency, our daring missions, and the can-do spirit of our workforce. For over six decades, NASA has been a
beacon of exploration, technological development, and discovery. This Budget empowers the Agency to
revitalize and strengthen American leadership in aerospace, address climate change, promote equity, and
expand an industry that creates good-paying American jobs.

Each investment in NASA’s missions benefits the U.S. public and people around the world.

Our 2022 Strategic Plan introduces NASA’s vision statement: “Exploring the secrets of the universe for the
benefit of all.” This underscores our commitment to achieving remarkable breakthroughs and sharing that
knowledge to improve lives. NASA will expand humanity’s scientific knowledge of the universe; help us
better understand our planet; grow and diversify science, technology, engineering, and mathematics (STEM)
education; support U.S. businesses; and promote job growth in the aerospace industry. NASA is committed to
advancing diversity, equity, inclusion and accessibility to ensure fair, impartial access and representation for
all those who seek to contribute to our nation’s great work in space.

The Budget emphasizes NASA’s leadership in climate change, as a leading provider of Earth systems science
and data. This information has proven crucial for scientists, policymakers, and anyone seeking to understand
and predict the effects of our changing climate. The FY 2023 Budget enables NASA to provide the world
with data from its existing fleet of Earth-observing satellites and invest in a future Earth System Observatory:
an array of satellites, instruments, and missions that will generate a 3D, holistic view of the entire planet.
From bedrock to atmosphere, the Earth is a system. As that system changes, NASA will help us all measure
and understand the nature of that change, and how we might mitigate an existential threat to our way of life.

NASA’s commitment to addressing climate change goes beyond Earth science. If the United States is to
remain the world leader in aviation, we must lead the world in developing sustainable aviation, overland
supersonic passenger travel, and other emerging aeronautics technologies. Because green aviation is as much
an issue of the future of American jobs as it is climate change, the President’s Budget allows NASA to
accelerate cutting-edge innovations in aerospace. The Budget supports collaborations with industry such as
the Sustainable Flight National Partnership, through which NASA and U.S. companies will develop
technologies that enable next generation airliners to be the most efficient ever. Meanwhile, through our Low
Boom Flight Demonstrator program, we will work with communities to break down the barriers to
environmentally and socially acceptable supersonic passenger flights and open up brand new markets for
American companies and workers. Our commitment to this revolution in aerospace will take to the skies as
two NASA experimental aircraft — the X-57 Maxwell electric demonstrator and X-59 Quiet Supersonic
(QueSST) — prepare for their first flights in 2022.

Through a significant commitment for science, exploration, aeronautics, and technology, this Budget
positions NASA to return humans to the Moon, including the first woman and first person of color — and
continues our efforts to take humanity’s next giant leap toward Mars. This year, we will launch the Space
Launch System rocket and Orion spacecraft to the Moon. Together with funding for the Human Landing
System, the Gateway, and lunar surface systems, this Budget enables NASA to make exciting progress
towards our lunar exploration goals. With funding for lunar robotic missions, Commercial Lunar Payload
Services, and other key mission elements, NASA will deepen the world’s understanding of the Moon. With
projects to test technologies that would allow for human exploration of Mars, including robotic explorers and
the development of lunar-derived fuel and oxygen, we are advancing toward the Red Planet.

The Budget continues support for the International Space Station, which the Administration is proposing to
extend through 2030, while stimulating the growth of the low-Earth orbit economy by working with industry
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to develop commercial space stations. These investments will pave the way for continuity of sustained U. S.
presence in orbit and create scientific and economic opportunities. The Agency is also increasing investments
in research to ensure the growing threat of orbital debris does not interfere with our ability to safely operate in
space.

The recent, remarkable launch of the James Webb Space Telescope demonstrated NASA’s innovation
alongside international partners — and how we benefit the world. With each great step, NASA magnifies its
presence as a unifying symbol of possibility and inspiration. In addition to the scientists, engineers,
technicians, and support staff who persevered to make this launch possible, NASA’s endeavors use every
opportunity to educate and inspire. With every breakthrough, we seek to generate more than incredible data —
we help to create the next generation of scientists, engineers, and explorers who will be the innovators of the
future.

The American story is about discovery, innovation, and a relentless spirit to push forward — and upward. This
Budget allows NASA to continue our journey to enable a new era filled with boundless optimism and
limitless possibilities for all humanity.

it Nkt

Bill Nelson
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NOTES ON THE BUDGET

The FY 2023 President’s Budget for NASA and accompanying 2022 NASA Strategic Plan are fully aligned
with the Administration’s priorities of restoring America’s global standing; driving economic growth;
addressing climate change; and promoting diversity, equity, inclusion, and accessibility. At $25.97 billion, the
FY 2023 Budget for NASA underscores the Agency’s unique ability to advance these priorities. With this
investment, NASA will continue to lead a new era of space exploration that advances our understanding of
Earth’s changing climate, inspires the Nation and the world, promotes equitable opportunities to work with
and for NASA, and creates good-paying jobs in the growing space economy.

NASA is a source of national inspiration and international leadership. The Agency stands ready to bring its
expertise and capability to meet the challenges and opportunities facing our Nation: conducting climate
research utilizing key data from our Earth observation missions to understand and mitigate climate change;
supporting innovation and technology development in aviation and space; expanding key sectors of the
economy while spurring growth in science, technology, engineering, and mathematics (STEM) jobs and
inspiring the next generation of scientists, engineers, and explorers; and providing American leadership and
global engagement through science and space exploration programs with a growing set of international
partners. Through its support for exploration of the Moon, Mars, and the universe beyond, this Budget
strengthens U.S leadership for a new age of human and robotic exploration and discovery.

NASA’s historic and enduring purpose is captured in four Strategic Themes outlined in our 2022 Strategic
Plan: Discover, Explore, Innovate, and Advance. These Strategic Themes focus the Agency’s investments
into four Goals: expanding human knowledge through new scientific discoveries; extending human presence
to the Moon and onto Mars for sustainable long-term exploration, development, and utilization; catalyzing
economic growth and driving innovation to address national challenges; and enhancing capabilities and
operations to assure current and future mission success.

Discover

NASA'’s Science mission epitomizes the Agency’s history of momentous discovery, and funds ongoing
discovery and exploration of our planet, other planets and planetary bodies, our solar system, our galaxy, and
the universe beyond. NASA Science includes over 100 missions, many of which involve collaboration with
international partners or other U.S. agencies, and invests in world-class scientific research conducted by more
than 10,000 U.S. scientists. The FY 2023 Budget delivers historic funding for Science, advancing NASA’s
position as a global leader in discovery.

NASA Earth Science missions are collecting ever greater amounts of data that enhance our understanding of
the Earth’s changing climate. NASA makes these detailed climate data freely available to the global
community to inform policies and actions to address the threat climate change poses to our economic
prosperity and our national security. This Budget provides $2.41 billion for NASA’s Earth science portfolio
and expands NASA’s role as a leading provider of satellite Earth observations and other data scientists need
to understand the climate crisis. With this Budget, NASA increases our ability to understand Earth and how it
works as an integrated system, from our oceans to our atmosphere, and how that system is changing over
time. The budget supports the decadal survey recommendation to implement “Designated” observable
missions by continuing the development of the Earth System Observatory. Formulation activities are
underway for missions to address the first four of these Designated observables. The Budget supports a robust
Venture Class mission cadence and the launch of several upcoming missions, including NASA-ISRO
Synthetic Aperture Radar (NISAR), Surface Water and Ocean Topography (SWOT), Plankton, Aerosol,
Cloud, ocean Ecosystem (PACE), and Climate Absolute Radiance and Refractivity Observatory (CLARREO)
Pathfinder missions, and provides funding for Earth System Explorer class missions. As part of a renewed
emphasis on providing actionable data and information to a broad range of users, NASA is planning an Earth
Information Center with an initial focus on prototyping capabilities for a greenhouse gas monitoring and
information system that will integrate data from a variety of sources with a goal of making data more
accessible and usable to Federal, State, and local governments, researchers, the public, and other users. These
efforts will be implemented in coordination with other agencies and partners.
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The Budget also continues to reinvigorate robotic exploration of the solar system by providing $3.16 billion
for Planetary Science. The Budget funds the Lunar Discovery and Exploration program that supports
collaboration with industry and innovative approaches to achieving human and science exploration goals. The
Budget contains funding to explore new destinations in the solar system, including Jovian moons with Europa
Clipper and the Dragonfly mission to Saturn’s moon Titan, and a robust competitive Discovery program
including the Psyche and Lucy missions to the asteroid belt. The Budget supports a Mars Sample Return
mission with key international partnerships, which will launch as early as 2028 and return samples to Earth.
The Budget also supports the Volatiles Investigating Polar Exploration Rover (VIPER) mission, which will
launch on a commercial lunar delivery service and explore the south pole of the Moon. By searching for
water ice and other potential resources, VIPER will help pave the way for astronaut missions to the lunar
surface and will bring NASA a step closer to developing a sustainable, long-term presence on the Moon as
part of the Agency’s Artemis program.

The Budget builds on the transformational engineering and scientific success of the James Webb Space
Telescope with $1.56 billion for Astrophysics to study the universe and search for Earth-like planets beyond
our solar system. The Budget supports development of the Nancy Grace Roman Space Telescope (planned
for launch in 2027) and continues operations of the Hubble Space Telescope. The Budget includes funding
for a competitive Explorers program, including recent selections, such as Imaging X-ray Polarimetry Explorer
(IXPE) and Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer
(SPHEREX), as well as new selections every two to three years. The Budget proposes closeout of the
Stratospheric Observatory for Infrared Astronomy (SOFIA) mission consistent with the recommendations of
the science community; SOFIA’s annual operations Budget is the second-most expensive operating mission
in Astrophysics, yet the science productivity of the mission is not commensurate with other large science
missions.

Heliophysics is funded at $760 million and includes support for the Interstellar Mapping and Acceleration
Probe (IMAP); new missions of opportunity within the Solar Terrestrial Probes program; and new Explorer
mission selections including Polarimeter to Unify the Corona and Heliosphere (PUNCH) and Tandem
Reconnection and Cusp Electrodynamics Reconnaissance Satellites (TRACERS). The Budget also includes
funding for the Geospace Dynamics Constellation (GDC) mission, the Diversify, Realize, Integrate, Venture,
Educate (DRIVE) initiative, and interagency efforts to improve space weather predictive capabilities (all
priorities in the Heliophysics Decadal Survey).

Finally, the Budget provides $100 million for Biological and Physical Science to better understand how
biological and physical systems work by observing them in ways not possible on Earth, including many
experiments aboard the International Space Station (ISS). The Budget supports space biology investigations,
which seek to understand how living organisms respond to and evolve in the spaceflight environment, and
physical science investigations to examine the fundamental laws of the universe from the unique vantage
point of space.

Explore

NASA’s rich history of human spaceflight provides the foundation for today’s exploration vision: to maintain
U.S. leadership in space, establish a long-term presence on the Moon, and pave the way forward to Mars and
beyond. NASA is leading an innovative and sustainable program of exploration with commercial and
international partners to enable human expansion across the solar system and to bring new knowledge and
opportunities back to Earth. Building on the operational experience gained through more than 20 years of
continuous human presence on the ISS, the United States will lead the return of humans to the Moon for
long-term exploration and utilization, followed by human missions to Mars and other destinations. This
strategy begins with Artemis, a series of missions launched with new deep space transportation systems
nearing their first flight, coupled with innovative industry capabilities including landers and space suits, that
will land the first woman and the first person of color on the lunar surface. Over the next several decades,
NASA will establish a long-term foothold on the lunar surface and deploy complex crewed transportation
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systems to the Moon and Mars. Establishing a long-term human presence on the Moon and conducting the
first human mission to the surface of Mars will be among the most challenging technical enterprises in human
history. This era of human exploration will require innovative technologies and systems — some of which
have not yet been demonstrated — to explore new and more challenging locations, like the lunar south pole.
Developing these capabilities will spur advancements in fields like space medicine, cryogenic storage, space
power, materials science, and in-space manufacturing and assembly.

NASA’s preparations for exploring the Moon, Mars, and beyond begin with the ISS. The FY 2023 Budget
request includes $1.31 billion for ISS operations and research and $1.76 billion for crew and cargo
transportation. NASA will continue to leverage its mission aboard the ISS in low-Earth orbit (LEO) to
identify risks to human health, develop countermeasures, and test technologies that protect astronauts, with a
continued focus on reducing operations, maintenance, and transportation costs. The ISS model of maintaining
multiple domestic and international partner options for station operations and crew and cargo delivery
provides functional robustness against operational risks due to technological, environmental, or other
potential disruptions — a capability which has been tested before and which NASA is prepared to demonstrate
again, if necessary. With $224 million of funding in this Budget, the Commercial LEO Development program
supports development of commercially owned and operated LEO destinations to enable continuous American
presence in LEO through 2030 and beyond. As these new space stations are being developed, NASA will be
working with the ISS National Laboratory and private companies to accelerate the growth of the commercial
space industries that will use the ISS and join NASA in using commercial destinations in the future.

Beyond LEO, the next step in exploration stretches out to the Moon with Artemis. The Artemis strategy
includes development of common exploration systems, including the Space Launch System (SLS), Orion
crew vehicle, and Exploration Ground Systems (EGS), scheduled for a full flight test on Artemis I in 2022.
This Budget funds these common exploration systems at $4.67 billion, creating a transportation system for
human exploration beyond LEO. With these NASA systems, the Nation will send astronauts to the Moon,
building capabilities and gaining needed experience for future missions on the lunar surface and Mars.
Starting in 2024, as these systems complete their developmental test flights (first with Orion, and later as SLS
Block 1B development is completed), NASA will transition program management from development to
exploration operations to ensure a safe, steady, and affordable cadence of flights to the Moon.

This Budget also provides $2.60 billion for Artemis Campaign Development, including the Gateway lunar
outpost, the lunar Human Landing System (HLS), space suits, and lunar surface systems. Gateway will
provide a platform in an orbit around the Moon to sustain surface operations, with Orion providing crew
transportation services. U.S. leadership on the Gateway program has inspired Canada, Europe, and Japan to
expand their partnerships with NASA to extend human presence from LEO to the Moon. The HLS program
will begin with an uncrewed and then a crewed demonstration mission to the lunar surface, followed by a
competition for commercial services between Gateway and the lunar surface through the latter half of the
2020s and beyond.

As part of the Artemis effort, NASA will also leverage interagency partnerships, expanding relationships with
other U.S. Government agencies to take advantage of their expertise, create mutually beneficial synergies,
and ensure ongoing coordination in the pursuit and achievement of the Nation’s space goals. NASA will
maintain and grow mutually beneficial international partnerships to lead a global community dedicated to
expanding peaceful exploration and use of the Moon and then ultimately on towards Mars.

Looking to Mars, the Budget includes $161 million for Mars Campaign Development and a forward-leaning
focus on reducing operational risk, validating operational concepts, leveraging partner capabilities, and
lowering life cycle costs to help enable lunar and deep space missions. The Budget also includes $48 million
to continue developing the detailed, integrated systems design studies needed to prepare for a human mission
to Mars. Mars sample return will also advance human exploration through the demonstration of key
capabilities such as round-trip planetary operations, planetary protection, and precision landing on another
planetary body.
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Finally, the programs in NASA’s Space and Flight Support theme, with a Budget of $975 million, provide
essential services to missions sponsored by all of NASA and by other stakeholders as well. Data uplinks and
downlinks, unified launch service procurements that take full advantage of NASA’s collective buying power
to secure the best price for the Government, and other support programs provide important capabilities that
support NASA’s leadership in space exploration and discovery.

Innovate

NASA contributes to economic development and growth through technological innovation. Through its
missions and sponsored research, NASA provides access to the farthest reaches of space and time and helps
generate essential information about our home planet. NASA’s cutting-edge research yields results that are
used to improve quality of life and the economy here on Earth. The Nation benefits from developing new
technologies that propel this exploration.

With this Budget, NASA increases funding for Aeronautics to $972 million. This Budget continues
investments in research and development to enhance U.S. competitiveness in the global aviation industry,
while making aviation safer, faster, more efficient, and more environmentally friendly.

To meet aggressive climate goals, the Sustainable Flight National Partnership (SFNP) with U.S. industry
envisions innovative next generation single-aisle transports with game-changing, ultra-efficient, and low-
carbon emitting designs at least 25 percent more fuel-efficient than today’s airliners. Under the SFNP, NASA
will demonstrate the first-ever high-power hybrid electric propulsion for large transport aircraft and ultra-high
efficiency long and slender wings, as well as advanced composite structures produced four to six times faster
than current state-of-the-art advanced engine technologies. The centerpiece of SFNP will be a full-scale
technology demonstrator X-plane to test and validate integrated systems and theirbenefits. This partnership is
a strong response to international challenges to U.S. technological leadership for next-generation subsonic
transports and ensures the United States remains at the forefront of the transition to sustainability.

NASA leads transformation in other aspects of the civil aviation enterprise. The Agency is connecting the
world through high-speed commercial flight, demonstrating quiet supersonic flight with NASA’s X-59 Low
Boom Flight Demonstrator. Through Advanced Air Mobility (AAM), Unmanned Aircraft Systems, and use
of electric Vertical Takeoff and Landing vehicles, NASA is working to enable a transformation of the way
people and goods move around the Nation’s communities and regions. NASA is establishing partnerships
with industry to mature AAM concepts and technologies for safe operations and preparing for AAM National
Campaign demonstrations of new air vehicles and airspace management technologies. This year, NASA will
begin flying the all-electric X-57 Maxwell aircraft to better inform standards development for small electric
aircraft that will be common in an AAM environment.

The Budget supports development of the next evolution of the global air traffic management system to safely
increase operational efficiency at the vehicle, fleet, and system-wide levels, while reducing fuel burn, CO»
emissions, contrail formation, and ozone impact. NASA will expand our partnership with the Nation’s
universities to develop technologies to achieve the industry’s long-term climate goals, while training and
inspiring our future aerospace workforce. NASA will also continue to invest in critical fundamental
technologies for hypersonic flight.

The $1.44 billion budget for Space Technology will develop transformative, cross-cutting technologies that
lead to research and technology breakthroughs to enable NASA’s missions and grow the commercial space
industry through job creation. This Budget supports the Administration’s priorities of enhancing research and
development at NASA to maintain and enhance U.S. leadership in space technology, growing the U.S.
commercial space industry and creating new, good-paying jobs, and developing new technologies to enable
human and robotic exploration of the Moon, Mars, and beyond. NASA’s investments advance development
and demonstration of transformative capabilities for space transportation and propulsion; entry, descent, and
landing, including return of robots, crew, and cargo; sustainable resource utilization and manufacturing; and
robotic mobility systems. NASA will also continue demonstrating the foundational capabilities of on-orbit
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servicing, assembly, and manufacturing and take the next step in optical communications using infrared lasers
to send data to and from space, enabling NASA to collect more science data and explore farther into the
universe than ever before. In addition, NASA will continue investments in In-Situ Resource Utilization,
Sustainable Power systems, lunar robotic mobility systems, research in Lunar Dust Mitigation, and small
spacecraft technologies that are more rapid, affordable, and capable than previously achievable. The Budget
includes $45 million for space nuclear technologies, including $30 million for surface power and $15 million
for propulsion.

NASA will continue to develop technologies that have broad application and address multiple stakeholder
needs, actively engaging with NASA centers, industry, academia, and other Federal Government agencies to
help define program content. The Early Stage Innovation portfolio leads by sourcing ideas from a broad,
diverse base of organizations and transferring space technology into the space economy. Efforts include
expanding the number of NASA Innovative Advance Concepts awards and exploring innovation pilots to
enable breakthrough technology research and development in support of U.S. competitiveness. These areas
are part of a comprehensive approach to effectively support innovative discovery, progress toward important
goals, and the development of transformative new capabilities.

Technological leadership remains vital to our national security, economic prosperity, and global
competitiveness. A technology-driven, innovation-focused NASA will continue to help fuel our Nation’s
economic engine for decades to come, while also providing valuable breakthroughs for NASA’s missions and
the commercial industry.

Advance

NASA'’s workforce continues to be its greatest asset for advancing missions in space and on Earth. The civil
service staffing levels proposed in the FY 2023 Budget fulfill NASA’s requirements for scientists, engineers,
researchers, managers, technicians, and business professionals. NASA’s civilian workforce includes
personnel at NASA centers, Headquarters, and NASA-operated facilities. The Agency’s workforce will focus
on high priority and enduring mission work, and NASA will endeavor to reshape, identify, recruit, and retain
a multi-generational workforce that possesses the inherently governmental skills critical to the Agency.

Building on the addition of Inclusion as one of NASA’s five Core Values, the funding requested in FY 2023
will help NASA focus on strengthening our diversity, equity, and inclusion policies and practices. NASA will
leverage existing grant programs, small business and university partnerships, and its STEM Engagement
efforts to empower underserved populations to participate in NASA research, training, and programming.
NASA has long understood that diversity and inclusion is not only a matter of justice or fairness, but also a
source of strength, innovation, and critical thinking.

Through the Office of STEM Engagement, NASA continues to create unique opportunities that engage
students in unique, authentic learning experiences that contribute to building a diverse future STEM
workforce. With a Budget of $150 million, NASA will expand initiatives to attract and retain underserved
and underrepresented students in engineering and other STEM fields, in partnership with minority serving
institutions and other higher education institutions. This Budget expands funding for NASA’s STEM
engagement efforts to equip our Nation for the future, by engaging and investing in the next generation of
scientists, engineers, mathematicians, and explorers.

With a Budget of $3.21 billion, NASA’s Safety, Security, and Mission Services (SSMS) account enables the
Agency’s portfolio of missions in space exploration, science, technology, and aeronautics. NASA manages
$43 billion in assets at installations in 14 states, with an inventory of over 5,000 buildings and structures.
Given a deferred maintenance backlog of $2.8 billion and the continued deterioration of NASA’s facilities,
approximately 30 percent of the $478 million facilities services budget is allocated to unplanned maintenance.
NASA will use a portion of the remainder to continue condition-based maintenance initiatives that are
reducing unplanned maintenance.
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FY 2023 Budget Request Executive Summary
NOTES ON THE BUDGET

The SSMS account funds the essential day-to-day technical and business operations required to safely operate
and maintain NASA centers and facilities and the independent technical authorities required to reduce risk to
life and program objectives for all missions. These mission support activities provide the essential services,
tools, and equipment to complete essential tasks, protect and maintain the security and integrity of
information and assets, and ensure that personnel work under safe and healthy conditions.

Planning, operating, and sustaining our missions, infrastructure, and essential services requires institutional
capabilities in management of human capital, finance, information technology, infrastructure, acquisitions,
security, real and personnel property, occupational health and safety, equal employment opportunity and
diversity, small business programs, external relations, strategic internal and external communications,
stakeholder engagement, and other essential corporate functions. Across this array of infrastructure and
essential functions, NASA continuously seeks opportunities to improve effectiveness and operate in a more
efficient and sustainable manner.

NASA has a key role in better understanding the worsening orbital debris environment to support the
development of innovative approaches to help protect the Nation’s satellites and reduce other risks posed by
space debris. The Budget provides over $30 million for orbital debris research, early-stage technology, and
measurement technologies.

Finally, the Construction and Environmental Compliance and Restoration (CECR) account enables NASA to
manage the Agency’s facilities with a focus on maintaining safe, sustainable assets that meet critical mission
needs. With an FY 2023 Budget of $424 million for CECR, NASA will continue to reduce its footprint by
consolidation of facilities via institutional construction projects. NASA will also achieve greater operational
efficiency by replacing old, obsolete, and costly facilities with fewer, higher performance facilities.
Programmatic construction projects in the FY 2023 Budget will provide specialized technical facilities
required by the missions. To protect human health and the environment, and to preserve natural resources for
future missions, environmental compliance and restoration projects will remediate pollutants released into the
environment during prior NASA activities.
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FY 2023 Budget Request Executive Summary
EXPLANATION OF BUDGET TABLES AND SCHEDULES

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021,
as adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the
FY 2022 column reflects the FY 2022 President's Budget Request.
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EXPLANATION OF BUDGET TABLES AND SCHEDULES

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.

¢ Phase A: concept and technology development; and
¢ Phase B: preliminary design and technology completion.

Formulation
® Phase C: final design and fabrication;
* Phase D: system assembly, integration, test, launch and checkout;
* Phase E: operations and sustainment; and
Implementation * 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’s 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 (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 risk (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 and 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 lifecycle 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:
KDP-A e The project addresses a critical NASA need;
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 lifecycle review in which the decision authority evaluates whether the functional and
Requirements performance requirements defined for the system are responsive to the program’s
Review (SRR) requirements on the project and represent achievable capabilities
System Definition | The lifecycle review in which the decision authority evaluates the credibility and
Review or responsiveness of the proposed mission/system architecture to the program requirements
Mission and constraints on the project, including available resources, and determines whether the
Definition maturity of the project’s mission/system definition and associated plans are sufficient to
Review begin the next phase, Phase B.
The lifecycle 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:
KDP-B e The proposed mission/system architecture is credible and responsive toprogram
requirements and constraints, including resources;
e  The maturity of the project’s mission/system definition and associated plansis
sufficient to begin Phase B; and
e The mission can likely be achieved within available resources with acceptablerisk.
o The lifecycle review in which the decision authority evaluates the completeness/consistency
Prel}mlnary. of the planning, technical, cost, and schedule baselines developed during Formulation. This
Design Review review also assesses compliance of the preliminary design with applicable requirements and
(PDR) 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 lifecycle 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 first stage of development and means that:
KDP-C e  The project’s planning, technical, cost, and schedule baselines developed during

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 lifecycle 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

Critical Design . L . S . . ; .
& risk within defined project constraints, including available resources. This review also

Review (CDR) determines if the design is appropriately mature to continue with the final design and
fabrication phase.
The lifecycle review in which the decision authority evaluates the readiness of the project
System and associated supporting infrastructure to begin system assembly, integration, and test. The
Integration lifecycle review also evaluates whether the remaining project development can be
Review (SIR) completed within available resources, and determine if the project is sufficiently mature to

begin Phase D.

The lifecycle 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 a second

phase in Implementation; the project continues in development and means that:

KDP-D e The project is still on plan;

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

o ) The individual authorized by the Agency to make important decisions on programs and
Decision Authority | proiects 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
Document the expectations and constraints for activity in the Formulation phase.

Key Decision Point
(KDP)

The lifecycle 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.

Operational
Readiness Review

The lifecycle 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 lifecycle 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 lifecycle 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 a 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.

o The lifecycle review in which the decision authority evaluates the readiness of the project
Decgmmlssmnlng to 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 lifecycle gate at which the decision authority determines the readiness of the project’s
KDP-F decommissioning. Passage through this gate means the project has met its program

objectives 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 7120.5F NASA Space Flight Program and Project Management
Requirements: https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=5F

o NASA Procedural Requirement NPR 7123.1B - NASA Systems Engineering Processes and
Requirements:
http://nodis3.gsfc.nasa.gov/npg_img/N PR 7123 001B_/N_PR 7123 001B_.pdf.

e NASA Launch Services Web site:_
http://www.nasa.gov/directorates/heo/launch_services/index.html.
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NASA AND COVID-19

Since March 2020, NASA (along with the rest of the world) has adapted to the historic challenges of
COVID-19. As COVID-19 cases surged across the country, NASA quickly adopted a new operational
model that included a dramatic increase in off-site telework, transitioning from in-person scientific and
technical interchange meetings to virtual and hybrid events, and instituting protocols to allow personnel
building flight hardware to safely work at NASA and contractor facilities. Under this new operating
model, NASA has conducted some of the most ambitious missions in its history, including the landing the
Perseverance rover on Mars and the first flight of a helicopter on another planet, the first launch of
commercial crew transportation to the International Space Station, and the launch and deployment of the
revolutionary James Webb Space Telescope. Throughout the COVID-19 pandemic, NASA has prioritized
the health and productivity of its workforce, a focus reflected in the Agency’s continued ranking by
employees as the best place to work in the Federal Government.

COVID-19 has impacted NASA projects in multiple ways, including: facility shutdowns, restarts, and
reduced on-site access due to social distancing and cleaning protocols; interruptions to test and
construction efforts; disruptions in travel to both domestic and international partner locations; and
pressures on the overall aerospace supply chain. NASA cost reserves and schedule margins are under
pressure as projects utilize some of those resources to offset COVID-19-related impacts. These pandemic-
related pressures on cost reserves and schedule margin, in turn, leave fewer reserves and margins to
address other risks that are expected in development of NASA’s complex missions.

To date, NASA has notified Congress of nine projects across the Agency that have experienced cost and
schedule growth due in part to COVID-19 pressures. These projects include the Roman Space Telescope,
James Webb Space Telescope, Geostationary Carbon Observatory (GeoCarb), Surface Water and Ocean
Topography (SWOT), the NASA-Indian Space Research Organization Synthetic Aperture Radar
(NISAR), the Orion exploration crew vehicle, the On-orbit Servicing, Assembly, and Manufacturing 1
(OSAM-1) and Solar Electric Propulsion (SEP) technology demonstration missions, and the Low-Boom
Flight Demonstration (LBFD).

It is difficult to project a specific estimate of the total long term impact of COVID-19 on Agency
programs and missions at this time. In March 2021, the NASA Office of the Inspector General noted that
the total Agency impact due to COVID-19 could be nearly $3 billion'. Even as COVID-19 appears to be
transitioning from a pandemic emergency to a more long term endemic health issue, a final accounting of
the full impact of the COVID-19 pandemic on Agency activities will not be available until well after the
Agency and its contractors have resumed normal operations.

V' COVID-19 Impacts on NASA’s Major Programs and Projects, 1G-20-016, March 31, 2021
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DEEP SPACE EXPLORATION SYSTEMS

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Common Exploration Systems Development 4,538.7 44837 4,6684 3,613.8 3,111.9 28456 2,376.8
Artemis Campaign Development 1,672.1  2,062.0  2,600.3 2,973.8 3,489.3 3,853.9 4,450.7
Human Exp Requirements & Architecture 9.5 9.5 48.3 48.9 49.5 50.0 50.5
Mars Campaign Development 176.2 195.0 161.3 161.6 162.7 162.7 162.8
Total Budget 6,396.5 6,750.2 7,4783 6,798.1 6,813.4 6,912.3 7,040.8

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

Deep Space Exploration Systems ..........cc.ccceveeuvevreeennn... DEXP-3

Common Exploration Systems Development............oceeeiiiiiiiiiinieccccnnnn, DEXP-6
ORION PROGRAM ...ttt ettt e e a e e e st e e e e e nseeaaeeennneneeeas DEXP-8
Crew Vehicle Development [Development].......c..cocoieciiiiieieii i DEXP-11
SPACE LAUNCH SYSTEM .....ooiiiiiiiee ettt DEXP-27
Launch Vehicle Development [Development] ..., DEXP-29
EXPLORATION GROUND SYSTEMS.......oociiiiiie e DEXP-42
Exploration Ground Systems Development [Development] .........ccccoiiiiiiieiiiiiiiinene. DEXP-44
Artemis Campaign Development............cccommmmnninin e DEXP-59
GATEWAL ettt ettt e e e e ettt e e e e et e e e e e a et e e e e sseeeeeeansneeeeeannneeeens DEXP-61
ADV CISLUNAR AND SURFACE CAPABILITIES........cccoiiiieeeeeee e DEXP-69
HUMAN LANDING SYSTEM ...ttt DEXP-73
XEVA AND HUMAN SURFACE MOBILITY PROGRAM........cccoiveeiiiieeeeeiiieen DEXP-78
Human Exp Requirements & Architecture..........oeueeiirrieiiirrreeccceeeeennne, DEXP-82
MOON & MARS ARCHITECTURE ......ocoiiiiiii e DEXP-83
Mars Campaign Development.........ccceuiiiiiiiiimmmme s DEXP-86
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EXPLORATION CAPABILITIES ....ooooie e DEXP-88
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DEEP SPACE EXPLORATION SYSTEMS

FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Common Exploration Systems Development 4,538.7 4,483.7 4,6684 3,613.8 3,1119 28456 2,376.8
Artemis Campaign Development 1,672.1 2,062.0  2,600.3 2973.8 3,489.3 3,853.9 4,450.7
Human Exp Requirements & Architecture 9.5 9.5 48.3 48.9 495 50.0 50.5
Mars Campaign Development 176.2 195.0 161.3 161.6 162.7 162.7 162.8
Total Budget 6,396.5 6,750.2 7,478.3 6,798.1 6,813.4 6,912.3 7,040.8
Change from FY 2022 Budget Request 728.1
Percent change from FY 2022 Budget Request 10.8%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

The FY 2023 budget request includes $7.478 billion for Deep Space Exploration Systems to pursue the
Artemis Campaign, 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 a series of Artemis missions, NASA will land the first woman and first person of color on the
Moon and will explore more of the lunar surface than ever before. In collaboration with our commercial
and international partners, NASA will create the capabilities necessary to sustainably explore the Moon.
The operational knowledge, technological advances, and scientific discoveries we gain from exploring the
Moon in collaboration with international and commercial partners will position us to take the next giant
leap - sending astronauts to Mars.

The Exploration Systems Mission Directorate (ESDMD) will leverage the Science Mission Directorate's
(SMD) development of smaller landers for capabilities such as navigation and precision landing as well as
for the data about the lunar surface that they will provide. It will also leverage investments through the
Space Technology Mission Directorate's (STMD) lunar exploration activities. The Deep Space
Exploration Systems account consists of four themes which provide for the development of systems and
capabilities needed for human exploration of space:

Common Exploration Systems Development (CESD);
Artemis Campaign Development (ACD);

Human Exploration Requirements & Architecture (HERA);
Mars Campaign Development (MCD).
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This is a new organizational structure for the FY 2023 Budget that reflects the reorganization of the
former Human Exploration and Operations Mission Directorate, with CESD (previously Exploration
Systems Development) being renamed, and ACD, HERA, and MCD replacing the retired Exploration
Research and Development (ERD) theme.

NASA's CESD programs are working together to build the space transportation system made up of the
Orion crew vehicle, Space Launch System (SLS) rocket, and Exploration Ground Systems (EGS). This
system will enable the Agency's Artemis missions, extending human presence into the solar system by
transporting crews to lunar orbit and safely back to Earth in preparation for future missions to Mars.

The ACD theme is comprised of three programs previously funded under the Exploration Research and
Development (ERD) theme: Advanced Cislunar and Surface Capabilities (ACSC), Gateway, Human
Landing System (HLS), and one newly formed program: Exploration Extravehicular Activity (xEVA) and
Human Surface Mobility. The overarching goal of ACD is to develop the systems that will be used to
land humans on the Moon, explore the lunar surface, and prepare for Mars exploration. ACD is both
developing and testing prototype systems, as well as planning and developing flight missions to lunar
orbit and the Moon to develop systems and operation capabilities that enable an eventual mission to Mars.
ACD's work will create the exploration infrastructure in lunar orbit and on the lunar surface that
astronauts will use during Artemis missions and that will inform future missions to Mars.

The overarching goal of HERA is to provide support in the development of human exploration campaigns
to the Moon and beyond. HERA's work will identify 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 includes the
Moon & Mars Architecture Development Office which manages the architecture strategy activity that
supports mission manifest planning and overall architecture requirements and capability identification.
HERA also maintains the Systems Engineering and Integration (SE&I) required to support the top-level
technical integration across ESDMD, Space Operations Mission Directorate (SOMD), SMD, and STMD
to include Artemis missions and future exploration planning.

The overarching goal of the new MCD theme is to start working on long-lead technology challenges that
will need to be solved in order for an eventual crewed mission to Mars to succeed. Together with ACD,
MCD is both developing and testing prototype technologies, as well as contributing to the planning and
development of flight missions to lunar orbit and the Moon to develop systems and operations capabilities
that enable an eventual mission to Mars. The Exploration Capabilities Program develops habitation
systems technologies to enable long missions on the lunar surface and in deep space as well as fill high
priority technology gaps. MCD will begin conducting preliminary concept studies for future systems,
including an eventual transit habitat that will provide living quarters and other basic life support functions
for an eventual human mission to Mars.

EXPLANATION OF MAJOR CHANGES IN FY 2023

e Renames the old Exploration Systems Development theme as Common Exploration Systems
Development.

e Moved Orion Production and Sustainment as well as Exploration Operations Program funding to
Space Operations account.

e Establishes Artemis Campaign Development as a new theme that contains the Gateway, HLS and
ACSC programs that previously resided under the ERD theme. Establishes the XEVA and Human
Surface Mobility program as the fourth program within ACD.
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o Establishes Human Exploration Requirements & Architecture as a new theme.
o Establishes Mars Campaign Development as a new theme that contains the Exploration Capabilities
program that previously resided under the ERD theme.

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

COMMON EXPLORATION SYSTEMS DEVELOPMENT

FY 2023 Budget

Op Plan Enacted Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Orion Program 1,403.7 1,406.7 1,338.7 415.0 116.5 52.0 19.0
Crew Vehicle Development 1,387.8 1,388.8 1,325.3 415.0 116.5 52.0 19.0
Orion Program Integration and Support 15.9 17.9 134 0.0 0.0 0.0 0.0
Space Launch System 2,555.0 2,487.0 2,579.8 2,534.6 24846 23265 1,9255
Launch Vehicle Development 2,488.4 24140 2,505.7 2,4558 2,393.2 22344 1,832.7
SLS Program Integration and Support 66.6 73.0 74.0 78.8 91.3 92.0 92.7
Exploration Ground Systems 580.0 590.0 749.9 664.2 510.8 467.2 4323
Exploration Ground Systems Development 569.2 585.3 747.3 660.0 503.8 460.0 425.0
EGS Program Integration and Support 10.8 4.7 2.6 4.2 7.0 7.2 7.3
Construction & Envrmtl Compl Restoration 66.2 89.3 86.2 0.0 0.0 0.0 0.0
Exploration CoF 66.2 89.3 86.2 0.0 0.0 0.0 0.0
Total Budget 4,604.9 4,573.0 4,754.6 3,013.8 3,111.9 2,845.6 2,376.8

Change from FY 2022 Budget Request 181.6

Percent change from FY 2022 Budget Request 4.0%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.
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COMMON EXPLORATION SYSTEMS DEVELOPMENT

The core stage for the first flight of NASA’s Space Launch
System rocket is seen in the B-2 Test Stand during a
second hot fire test, on Thursday, March 18, 2021. This
took place at NASA’s Stennis Space Center near Bay St.
Louis, Mississippi. The four RS-25 engines fired for the
full-duration of eight minutes during the test and
generated 1.6 million pounds of thrust. The hot fire test is
the final stage of the Green Run test series, a
comprehensive assessment of the Space Launch System’s
core stage prior to launching the Artemis L. mission.

NASA's Common Exploration Systems
Development (CESD) programs are working
together to build the space transportation system
made up of the Orion crew vehicle, the Space
Launch System (SLS) rocket, and the
Exploration Ground Systems (EGS). This system
will enable the Agency's Artemis missions,
extending 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. The CESD program
objectives support Agency Strategic Goal 2,
which seeks to extend human presence to the
Moon and on towards 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, with habitation and life support
on-board for missions up to 21 days. Building
upon more than 50 years of spaceflight research
and development, Orion's versatile design will
not only carry crew to space, but also provide

emergency abort capability, sustain crew during space travel, and provide safe reentry at deep space return
velocities. 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
Block 1 configuration, which is the configuration for Artemis I, stands at 322 feet and features a lift
capability of 95 metric tons to low-Earth orbit (LEO), and over 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 IV, will include an Exploration Upper Stage (EUS), associated Universal
Stage Adapter, and Payload Adapter which provides space for co-manifested payloads. 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 enable Kennedy Space Center (KSC) to process and launch Orion and SLS in
support of the Artemis missions. To achieve this transformation, NASA is developing new ground
systems 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
the Agency and its contractors reduce production and operations costs for CESD systems, and NASA is
examining options to achieve this goal. Through a reduction in CESD 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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Deep Space Exploration Systems:

ORION PROGRAM

Common Exploration Systems Development

FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027
Crew Vehicle Development 1,387.8 1,388.8°  1,325.3 415.0 116.5 52.0 19.0
Orion Program Integration and Support 159 17.9 134 0.0 0.0 0.0 0.0
Total Budget 1,403.7 1,406.7 1,338.7 415.0 116.5 52.0 19.0
Change from FY 2022 Budget Request -68.0
Percent change from FY 2022 Budget Request -4.8%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y 2022
column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

—— "
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The picture above is Artemis I1I Crew
Module (CM) in the Operation and
Checkout building (O&C) at Kennedy
Space Center (KSC) for processing.

The Orion spacecraft will play an integral role in the Artemis
Campaign, serving as an exploration vehicle that will carry crew
to 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 capsule-shaped vehicle has a
familiar look, but it incorporates numerous technology
advancements and innovations. The spacecraft will enable
extended duration missions beyond low-Earth orbit, to the Moon,
and eventually to Mars.

Development of the Orion spacecraft will be completed after the
Artemis I mission and development of the Rendezvous,
Proximity Operations and Docking (RPOD) capability for the
Artemis III mission. Orion's design, development, testing
(including the flight tests), and evaluation will have the spacecraft
ready to carry crew on Artemis II with a current launch date of no

earlier than May 2024 and ready to support subsequent Artemis missions. The budget request supports
launches at the earliest technically feasible dates.

To align with the Agency reorganization implemented in FY 2022, production and sustainment of crew
vehicles for Artemis III and beyond will be budgeted in the Exploration Operations theme in the Space
Operations account. Residual development activity will continue to be funded in the DSES account.

The full Orion Program will continue to be managed by a single Orion Program Office, with a single
Orion Program Manager, which will manage the Orion funds in both the DSES and Space Operations
accounts. Orion's interfaces with other NASA programs and with the prime contractor and other

contractors will remain unchanged.
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ORION PROGRAM

The full budget for the Orion Program is as follows:

(in $ millions) FY 2021 | FY 2022 | FY 2023 | FY 2024 | FY 2025 | FY 2026 | FY 2027
Integration and Support 15.9 17.9 13.4 - - - -
Development 13878 | 13888 | 13253 | 4150 1165 52 19
Orion Exploration 14037 | 14067 | 13387 | 4150| 1165 52.0 19.0
Total

Production and ] | TBD| 7869| 9253| 9902 10225
Sustainment

Operations - - TBD 46.0 47.0 47.0 48.0
Orion Space Ops Total : . T8 | 9123 10372 | 1,070.5

Orion Program Total 1,403.7 1,406.7 1,338.7 1,247.9 1,088.8 1,089.2 1,089.5

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The FY 2023 President’s budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

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 the Space
Launch System and the Exploration Ground Systems. This effort is critical to ensuring Orion’s
performance meets technical and safety specifications, and it 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 Exploration Systems Development Mission Directorate (ESDMD)
and Space Operations Mission Directorate (SOMD) 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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ORION PROGRAM

CREW VEHICLE DEVELOPMENT

Orion will be capable of transporting humans to orbit around the Moon, sustaining them for longer
durations beyond low-Earth orbit 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.

ORION PRODUCTION AND SUSTAINMENT (FUNDED IN SPACE OPERATIONS)

Described in the Space Operations account, Exploration Operations theme.

EXPLORATION OPERATIONS PROGRAM (FUNDED IN SPACE OPERATIONS)

Described in the Space Operations account, Exploration Operations theme.

DEXP-10



Deep Space Exploration Systems: Common Exploration Systems Development: Orion Program

CREW VEHICLE DEVELOPMENT

FY 2023 Budget

Op Plan Request Request
Budget Authority (in $ millions) Prior FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 | 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 6,870.9  788.4 816.1 513.0 197.8 115.1 0.0 0.0 0.0 9,301.2
Dperations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2022 MPAR LCC Estimate 11,380.5  788.4 816.1 513.0 197.8 115.1 0.0 0.0 0.0 13,810.8
Total Budget 11,605.2 1,387.8 1,388.8 1,3253  415.0 116.5 52.0 19.0 0.0 16,309.6
[Change from FY 2022 Budget Request -63.5
Percent change from FY 2022 Budget 4.6%
Request

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The difference between the total budget and the MPAR LCC estimate is the total budget includes content outside of
Artemis Il and excludes CoF; LCC only includes Artemis II content, including CoF.

The total budget prior line represents FY 2011 pre-formulation and FY 2012 - FY 2020 budgets, excluding CoF and
additional expenditures from 2005-2011 under the Constellation program.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

~

PROJECT PURPOSE

Orion will be capable of transporting humans to orbit around
the Moon, sustaining them for longer durations beyond low-
Earth Orbit than ever before, providing emergency abort
capability, and returning them safely to Earth. Drawing from
more than 50 years of human spaceflight research and
development, as well as stimulating new and innovative
manufacturing and production capabilities, Orion’s design will

(ESM) and Artemis III Crew Module meet the evolving needs of our Nation’s space program.
(CM) pressure vessel side by side in the ) ) )
Operations and Checkout (O&C) For more information, go to http://www.nasa.gov/orion

building at Kennedy Space Center (KSC).
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CREW VEHICLE DEVELOPMENT

EXPLANATION OF MAJOR CHANGES IN FY 2023

The proposed funding levels provide the necessary resources for the Artemis I launch. They are also
sufficient allow the program to support Artemis II and III launches as soon as is technically feasible. After
analyzing programmatic milestones, NASA has moved the target launch date for Artemis I to no earlier
than (NET) May 2022 and Artemis II target launch date to NET May 2024. During calendar year 2021,
the Orion Program re-baselined their Agency Baseline Commitment (ABC) and related budget to reflect
the Artemis II changes.

PROJECT PARAMETERS

Orion is the vehicle that will fly astronauts from Earth to orbits 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 Adaptor (CMA), the European Service Module (ESM), and the Launch Abort System (LAS). The
European Space Agency (ESA) is designing and developing the ESM, which provides in-space power,
propulsion, and other life support systems. The CM, which is the pressure vessel, will mount to the CMA
and ESM to become the Crew and Service Module (CSM). Atop the CSM will sit the LAS, which will
activate within milliseconds to propel the CM 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 atmosphere
and safely on its way to orbit, the spacecraft will jettison the LAS.

Orion's first mission is Artemis I, an uncrewed flight test that will demonstrate key Orion spacecraft
capabilities. The next mission, Artemis II, is a crewed test flight, with a current mission profile of
transporting up to 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 Gateway or
the Human Landing System (HLS) spacecraft. The crew and necessary equipment will transfer from the
Orion spacecraft, potentially via Gateway, into the HLS, which will then undock, descend, and land on the
lunar surface. At the conclusion of the lunar surface operations, the HLS will lift off from the lunar
surface. The HLS will re-dock with Gateway or the Orion spacecraft where the crew will transfer back
into Orion for their return to Earth. Although the module has a familiar visual shape, its interior and
exterior capabilities far exceed any geometrically similar predecessors. 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, heating
that 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 2021

European Service Module (ESM)-1 Acceptance Review was completed, a milestone which transferred
ownership from ESA to NASA.
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CREW VEHICLE DEVELOPMENT

Lockheed Martin completed the final installations on the Artemis I CSM and handed the vehicle over to
Exploration Ground Systems (EGS) for ground operations. Following the handover, the CSM was moved
to the Multi-Purpose Processing Facility (MPPF) for servicing with hypergolic propellants, high pressure
gas, and ammonia. In addition, the installation of the LAS and ogive panels and functional tests were also
completed.

Artemis I flight software load 28E and Patch 9 was released. The flight software covers all phases of
Orion flight from pre-launch through post-landing.

The CM Structural Test Article (STA) arrived at Langley Research Center (LaRC) in Hampton, VA, for a
series of Water Impact Tests (WIT) to assess the impact to the spacecraft's primary and secondary
structures under water landing conditions. The WIT campaign included three vertical drops and one swing
test. Data from this test campaign will be used as final model correlation for Artemis II loads and
structural verification, and the Artemis II flight.

Installation of the Artemis II CM Environmental Control and Life Support System (ECLSS) and
propulsion subassemblies as well as proof pressure and leak tests were completed at KSC's Operations
and Checkout (O&C) building. Orion's propulsion system will provide the propulsive capability to
transport the spacecraft for the duration of the mission after separation from SLS's Interim Cryogenic
Propulsion State (IPCS). ECLSS will provide the crew with a pressure and temperature-controlled
environment, breathable air, and potable water during the mission.

Orion completed Artemis Il CMA ECLSS and propulsion proof and leak testing. Avionics, power
subsystems and wire harnesses were installed in the Artemis II CMA.

Preparations for the Artemis II heatshield thermal cycle testing were completed. The ablative Avcoat resin
material will protect the crewed spacecraft as it experiences temperatures up to 5000 Fahrenheit during
high-speed entry into the Earth’s atmosphere.

Lastly, Artemis II software build 203 was released. The software build provides for entry mission and
supports the CSM-2 initial power-on procedure checkout in the Integrated Test Lab (ITL).

WORK IN PROGRESS IN FY 2022

Orion delivered an early release of software build 204 for the on-orbit mission phase in October 2021 and
formal release of software build 204 will take placed in March 2022. The integrated test of software build
204 for the on-orbit portion of the Artemis II mission, ITL-204, began in August 2021 and will conclude
in May 2022.

The Artemis I spacecraft processing activities concluded with Thermal Protection System (TPS) closeout
tasks and final vehicle inspections. Following those activities, the Orion spacecraft was successfully
mated to the Space Launch System (SLS) in October 2021 in the Vehicle Assembly Building (VAB) at
KSC.

A series of Artemis I integrated tests are currently underway and will culminate in a Wet Dress Rehearsal
(WDR) of the integrated stack on the Mobile Launcher at Launch Pad 39B no earlier than April 2022. The
launch of the Artemis I mission, planned for NET May 2022 will take the Orion spacecraft beyond the
Moon and demonstrate its performance capability during launch, transit to lunar orbit, return to Earth, re-
entry, landing, and recovery.
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After the Artemis I mission, the Orion Program will conduct a post-flight analysis to assess spacecraft
performance against flight test objectives. The program will recover certain non-core avionics
components from the returned spacecraft for reuse in the Artemis II mission.

The Artemis II non-core avionics will be removed from the Artemis I spacecraft, refurbished, and
delivered to KSC in the summer of 2022 for installation into the CM-2. For future missions, which are
provided under the Orion Production and Sustainment (OPOC) contract, re-use of components is planned
to reduce assembly costs of subsequent Orion builds. All new build non-core avionics for the Artemis II
spacecraft will be delivered by May 2022 and all core avionics were delivered by January 2022.

Artemis II CM functional tests will be performed April thru June 2022. Following installation of the
refurbished non-core avionics into the CM, the Artemis II heatshield will be installed in September 2022
(assuming NET May 2022 Artemis I launch). The Artemis II docking camera and translational hand
controllers will be delivered in September 2022 for installation in the CM to support proximity operations
activities planned for the Artemis II mission.

Orion completed Artemis II CMA wire harness and subsystem installations in October 2021, the final step
prior to mating with the ESM. ESM-2 was delivered to KSC in the same month. The Artemis [I ESM and
CMA have been mated to form the Service Module (SM). After mating, the SM will undergo clean room
operations for ECLSS welding, followed by proof pressure and leak tests, which will be completed by
October 2022 in preparation for mating with the CM to form the Artemis II CSM.

Fabrication, assembly, integration and testing of the Artemis II LAS is continuing in FY 2022. The
Launch Abort System Facility (LASF) was turned over for Artemis II LAS processing in October 2021.
The LAS forward interstage was shipped in place at the Michoud Assembly Facility (MAF) in the same
month. Fabrication of the LAS ogives are underway at MAF. Delivery of the Artemis Il LAS’s Motor
Adapter Truss Assembly (MATA) is planned for April 2022, and all ogives to be delivered to MAF by
November 2022. The ogives are protective panels that will shield the crew module from the severe
vibrations and sounds it will experience during launch.

Orion will conduct integrated testing of the ECLSS and the Orion Crew Survival System Suit (OCSS) in
the Orion Life Support Integration Facility (OLIF) at the NASA Johnson Space Center (JSC) to further
validate the performance of these systems in preparation for the crewed Artemis II mission. OLIF testing
will take place from July thru October 2022.

Human In The Loop (HITL) testing, which is critical to ensuring that spacecraft system meet human
compatibility and safety requirements, will be performed in FY 2022 in support of the Artemis II crewed
mission, HITL cabin testing completed in December 2021 and will be followed by HITL testing of
displays and controls from August 2022 to April 2023.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

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 is anticipated and supports
ascent/abort scenarios.
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Completion of final testing and closeout of the Artemis II CM is expected. Thereafter, the CM will be
mated with the Artemis SM to form the CSM.

Artemis II CSM will undergo final assembly, installation, and testing.

Lockheed Martin will complete assembly, integration, and testing of the Artemis II LAS and deliver the
system to NASA.

In preparation for Artemis II, Orion will complete OLIF testing of the ECLSS. The program will also
complete HITL testing of displays.

Artemis III CM assembly, integration, and testing will continue, with CM readiness mating to the SM
later in the year.

The delivery of ESM-3 to KSC is planned for NET February 2023. The Artemis I[II ESM and CMA will
be mated to form the SM and will undergo final installation and testing for the following few months. The
SM mating with the CM will form the Artemis III CSM.

Several key functional components to include the RPOD system will be delivered and the initial release of
RPOD software will be released. These key components support the planned Initial Power On (IPO)
testing of the CM in the O&C for Artemis III. The RPOD system enables rendezvous, proximity
operations, docking, as well as undocking operations that will begin with the Artemis III mission. A key
high fidelity, Six-Degree-of-Freedom Test System (SDTS) of the RPOD system, complete with docking
cameras and sensors, will be conducted at a Lockheed Martin facility in Denver, CO. These tests will
demonstrate the safety-critical operation of the RPOD hardware and software in the dynamic proximity
operations environment.

Following delivery of the Artemis IV pressure vessel and primary structure parts to KSC, Orion will
continue with structural assembly, proof test, and subsystem installations on the CM.

Orion will conduct a preliminary MIR for Artemis I'V docking system components.

Delivery of Artemis IV pressure vessel to KSC is anticipated in Q2 FY 2023.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date FY 2023 PB Request
System Design Review (SDR) Aug 2007
Preliminary Design Review (PDR) Aug 2009

Key Decision Point-A (KDP-A) Feb 2012 Feb 2012
Resynchronization Review 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
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KDP-C, Project Confirmation FY 2015 Sep 2015
Critical Design Review (CDR) Oct 2015 Oct 2015
Ascent Abort-2 (AA-2) Flight Test | FY 2020 Jul 2019
Artemis I Launch Readiness FY 2018 NET May 2022
Artemis II Launch Readiness Apr 2023 NET May 2024

Development Cost and Schedule

NET May
2024

2015 | 6,768.4 70% | 2022 9,301.2 +37.4% | Artemis II | Apr 2023 13

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)
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Development Cost Details

TOTAL: 6,768.4 9,301.2 +2,532.8
Mission Operations 281.6 407.7 +126.1
Program Management 671.5 1,144.3 +472.8
Sufety and Mission 191.4 196.2 1438
Spacecraft and Payload 3,205.1 6,003.5 +2,798.4
f’nytsetgegtsii“gineermg and 539.3 772.5 +233.2
Test and Verification 460.6 607.5 +146.9
Other Direct Project Costs 1,418.9 169.5 -1,249.4

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

Project Management & Commitments

Provider: JSC

The crew module provides a safe

habitat for the crew, as well as Lead Center: JISC
Crew Module storage for consumables and Performing Center(s): Ames Research | \j/o
research instruments, and it serves | Center (ARC), Glenn Research Center
as the docking port for crew (GRC), JSC, and LaRC
transfers. Cost Share Partner(s): N/A

The service module, the Provider: ESA

powerhouse that fuels and propels | Lead Center: GRC
Service Module | the Orion spacecraft, will support | Performing Center(s): ARC, GRC, N/A
the Crew Module from launch JSC, and LaRC

through separation before reentry. | . qpare Partner(s): ESA

The launch abort system Provider: JSC

maneuvers the Crew Module to Lead Center: LaRC

Launch Abort . )

System safety in the event of an . Performing Center(s): JSC, LaRC, and | N/A
emergency during launch or climb | Marshall Space Flight Center (MSFC)
to orbit. Cost Share Partner(s): N/A
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Development

Project Risks

Risk Statement

Mitigation

If: The Artemis I Orion non-core avionics
delivery is delayed.

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

Teams are assessing opportunities to streamline the time for
non-core avionics recovery and refurbishment following
Artemis I launch.

If: Orion suppliers and/or Assembly
Integration and Processing work experience
delays,

Then: Final integration and Orion spacecraft
deliveries to Exploration Ground Systems for
launch processing could be delayed.

Production efforts have been impacted by the pandemic’s direct
effect on workforce as well as 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 Orion’s
international partners and supply chain flow of parts and
materials into the program.

To minimize impacts, Orion’s integrated 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.
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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 (HEOMD), now Explorations Systems
Development Mission Directorate (ESDMD), requirements to include the current flight test plan and the
Artemis II flight readiness date.

In 2012 NASA signed an implementing arrangement with ESA to provide service modules for the Orion
spacecraft for Artemis I and later added Annexes 1 and 2 for ESA to provide the European Service
Module (ESM) for Artemis II. Incorporating the partnership with ESA also required a contract
modification with Lockheed Martin to integrate the ESA-provided service module with the Lockheed
Martin portion of the spacecraft. Lockheed Martin has integrated ESM-1 with CM-1 and performed
environmental testing of the integrated spacecraft. Lockheed Martin handed the vehicle over to EGS in
January 2021 for ground operations. ESA delivered ESM-2 to NASA on October 14, 2021.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)

Orion Design and Development, Test and
Evaluation (DDT&E) Lockheed Martin Littleton, CO

INDEPENDENT REVIEWS

c Date of Next
Review Type | Performer Review Purpose Outcome Review

To evaluate the program’s
functional and
performance
requirements, ensuring
}Sg;t&r;lemen ts Mar proper formulation and
Review Review 2007 correlation with Agengy
(SRR) Board (SRB) and HEOMD’s strategic
objectives; assess the
credibility of the
program’s estimated
budget and schedule.

Standing Program cleared to proceed

to next phase. N/A
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Development

System
Design
Review
(SDR)

SRB

Aug
2007

To evaluate the proposed
program requirements and
architecture; allocation of
requirements to initial
projects; assess the
adequacy of project pre-
formulation efforts;
determine if maturity of
the program’s definition
and plans are enough to
begin implementation.

Program cleared to proceed
to next phase.

N/A

Preliminary
Design
Review
(PDR)

SRB

Sep
2009

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

Program cleared to proceed
to next phase.

N/A

Resynchroniz
ation Review

SRB

Jul 2012

To realign the program’s
preliminary design to the
current Exploration
Systems Development
(ESD) requirements.
NASA policies allow
changes to a program’s
management agreement in
response to internal and
external events. An
amendment to the
decision memorandum is
signed at the KDP-B
review held before PDR if
a significant divergence
occurs.

Program cleared to proceed
to next phase.

N/A
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Development

Delta PDR

SRB

Aug
2014

To update the program’s
preliminary design;
ensure completeness and
consistency; determine
the program’s readiness to
proceed with the detailed
design phase.

Program cleared to proceed
to next phase.

N/A

Critical
Design
Review
(CDR)

SRB

Oct
2015

To evaluate the integrity
of the program integrated
design, including its
projects and ground
systems, its ability to meet
mission requirements with
appropriate margins and
acceptable risk, and that it
is planned within cost and
schedule constraints;
determine if the integrated
design is appropriately
mature to continue with
the final design and
fabrication phase for
Exploration Mission
(EM)-1.

Program cleared to proceed
to next phase.

N/A

ESM CDR

SRB

Oct
2016

To evaluate the integrity
of the program integrated
design, including its
projects and ground
systems, its ability to meet
mission requirements with
appropriate margins and
acceptable risk, and that it
is planned within cost and
schedule constraints;
determine if the integrated
design is appropriately
mature to continue with
the final design and
fabrication phase for EM-
1.

Program cleared to proceed
to next phase.

N/A
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Development

To evaluate the readiness
. of the program, including
Icrlrtl:crz.:lltion its projects and supporting
& infrastructure, to begin
Review (CIR) Nov Program cleared to proceed
N/A system Assembly, N/A
/ System 2016 . . to next phase.
Integration Integratlog, and Testing
Review (SIR) (AI&T) with acceptable
risk, and within cost and
schedule constraints.
To evaluate the integrity
of the program integrated
design, including its
projects and ground
systems, its ability to meet
Independent mission requirements with
Assessment appropriate margins and
Artemis 11 (IA)/ Dec acceptable risk, and that it | Program cleared to proceed N/A
CDR Independent | 2018 is planned within cost and | to next phase.
Review schedule constraints;
Team (IRT) determine if the integrated
design is appropriately
mature to continue with
the final design and
fabrication phase for EM-
2.
Schedule .
' ASSOSSOTS Programmgtlc assessment
ESD Artemis from Office and analysis of Artemis I NASA leadership was
I Independent . Jun schedules across all ESD . .
of the Chief . briefed on Artemis I launch | N/A
Schedule . . 2019 programs with an .
Assessment Financial emphasis on program date options.
Officer ¢
(OCFO) performance and risks.
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Development

Performance

Inspector
General (IG)

Jul 2020

To examine the Agency's
management in tracking,
reporting overall cost
goals of the Orion Multi-
Purpose Crew Vehicle
Program,

NASA’S Management of
the Orion Multi-Purpose
Crew Vehicle Program
(IG-20-08) IG made three
recommendations to
increase the sustainability,
accountability, and
transparency of the Orion
Program as it pursues the
goal of landing astronauts
on the moon by 2024.
These areas covered cost
reporting, adjusting
production schedules for
future missions to align
with the Artemis II mission
to reduce schedule delays
associated with potential
rework and improving
NASA’s management of
award fees.

N/A

Performance

Inspector
General (IG)

Dec
2020

To address NASA's
Aerospace Safety
Advisory

Panel concerns over the
Agency’s plans to return-
to-the-Moon by 2024.

NASA's Challenges to
Safely Return Humans to
the Moon by 2024 (1G-21-
007)

1G identified returning to
the Moon as a top
management and
performance challenge and
will continue oversight of
NASA’s management of
the Artemis Campaign and
the Agency’s human
exploration efforts through
other audits and reviews.

N/A
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Development

Review Type | Performer 3::;;:: Purpose Outcome g:ﬁew
GAO made two
To assess the progress the | recommendations to
programs are making establish baselines ahead of
towards Artemis I with a key design review and
General respect to schedule and improve internal reporting
Accountin Dec cost, and the extent to about capability upgrades
Performance Office ¢ 2020 which the programs are for hume?n spacye P N/A
(GAO) positioned to support the | exploration programs
planned Artemis flight beyond Artemis . NASA
schedule beyond Artemis | concurred with the
L recommendations made in
this report.
To confirm that flight and
ground hardware
elements, software,
ESD support equipment, The IRT confirmed the
. Independent facilities, and .
Enterprise . Jan . programs are sufficiently
Integration Review 2021 infrastructure are ready to mature to proceed for N/A
Review (EIR) Team §upport .assembly, integrated operations
integration, test, and
mission operations per the
planned schedule for
Artemis I.
To evaluate the integrity
of the upgrade's integrated
design, including its
ability to meet mission The docking capability was
requirements with found to be sufficiently
appropriate margins and mature to proceed to final
. acceptable risk, and that it | design and fabrication;
Docking . . o
Capability IA/IRT April is planned w1thlq costand | costs were analyzed as part N/A
CDR 2021 schedule constraints of the | of the Orion program Joint
broader Orion program; Cost and Schedule
determine if the integrated | Confidence Level analysis
design is appropriately and reported as part of the
mature to continue with Orion program re-baseline.
the final design and
fabrication phase for
flight on Artemis III.
Artemis Status Update (IG-
Inspector Apr To provide an update on 21-018) - IG will continue
Performance the NASA 2020 Artemis to monitor the Agency’s N/A
General (IG) | 2021 e
Plan. efforts towards achieving
2020 Artemis Plan.
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Development

Review Type | Performer 3::;;:: Purpose Outcome g:f':ew
Significant Work Remains,
Underscoring Challenges
to Achieving Moon
Landing in 2024 (GAO-21-
230) - GAO made four
To assess NASA's ability recommendations,
General to accomplish the March including that NASA
. - document the process for
Performance Accounting | May 29 19 .Whlte House . determining key N/A
Office 2021 direction to accelerat@ its programmatic and
(GAO) Elarfls fora 1ur1ar2131;(img technical tools for the
y four yeats to ’ Artemis missions. NASA
concurred with three of the
recommendations, but not
the fourth, which related to
the costs included in a
lunar rover's cost estimate.
To assess risks and plans | The IRT reviewed and
System Ma for starting integration of | approved (technical and
Integration IA/IRT ) 02yl all hardware into the programmatic products) for | N/A
Review (SIR) structure to build up the the project to proceed to
flight vehicle. Phase D.
To assess system
assembly, integration, and | The IRT reviewed and
Aug test; granted Orion to proceed
KDP-D . 2021 verification/certification; with re-baseline cost and N/A
prelaunch activities; schedule.
launch; and checkout.
To assess the Artemis
campaign’s schedule and | NASA's Management of
projected costs as well as | the Artemis Missions (IG-
Performance Inspector Nov how 'th.e. Agency’s 22—003) -1G wil'l .cpntinue N/A
General 2021 acquisition and to monitor acquisition and
programmatic approaches | programmatic approach for
facilitate landing Artemis Missions.
astronauts on the Moon.
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Development

Moon Landing Plans Are
Advancing but Challenges
Remain (GAO-22-105533)
- GAO restated its 10
General To update NASA's previous recomme ndations
Accountin, Mar rogress and challenges in related to improving
Performance & progr g NASA's management of its | N/A
Office 2022 working towards the first .
(GAO) three Artemis missions Artemis efforts and related
' programs. NASA generally
agreed with these
recommendations and
plans to take steps to
implement them.
Opergtlonal To evaluate the readiness
Readiness :
Review/ of the project to operate
Flicht NET the flight system and
gt IA/IRT March associated ground system; | N/A N/A
Readiness
. 2024 and support systems for
Review
safe and successful launch
(ORR/FRR) and flight/mission
for Artemis II ’
Launch
Readiness
Date/Initial NET To assess all capabilities
Operations IA/IRT May of the vehicle to support N/A N/A
Capability 2024 the readiness to launch.
(LRD/1OC)
for Artemis II
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FY 2023 Budget

Op Plan Request. Request

Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Launch Vehicle Development 2,4884 24140 2,505.7 2,4558 23932 22344 1,832.7
SLS Program Integration and Support 66.6 73.0 74.0 78.8 913 92.0 92.7
Total Budget 2,555.0 2,487.0 2,579.8 2,534.6 2,484.6 2,326.5 1,925.5
Change from FY 2022 Budget Request 92.8
Percent change from FY 2022 Budget Request 3.7%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

NASA'’s Orion spacecraft is stacked atop the
Space Launch System rocket at Kennedy Space
Center for the upcoming uncrewed flight test
around the Moon. With targeted liftoff in May
2022, the Artemis I flight data will anchor
analytical models used for mission-to-mission
flight certification as well as models and
processes to design and certify future
configurations.

Program Elements

NASA continues development of a heavy-lift launch
vehicle to deliver crew and large volumes of cargo to
deep space. The Space Launch System (SLS) program is
preparing to carry humans farther into deep space than
ever before.

SLS will play an integral role in the Artemis Campaign
as a human-rated launch system intended to deliver the
Orion spacecraft with crew beyond low-Earth orbit. This
launch system will be used in each of the Artemis
missions, beginning with Artemis I, which will launch
no earlier than May 2022. The Agency will continue to
identify and implement affordability strategies to help
SLS become a sustainable exploration capability used by
subsequent Artemis missions.

The budget request supports launches at their earliest
technically feasible dates. For more information, go to:
http://www.nasa.gov/exploration/systems/sls/index.html

SLS PROGRAM INTEGRATION AND SUPPORT

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

LAUNCH VEHICLE DEVELOPMENT

The Launch Vehicle Development project will develop the SLS launch vehicle to enable deep space
exploration and support production and sustainment for flights. See the Launch Vehicle Development
section beginning on the next page for additional details.
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FY 2023 Budget

Op Plan Request Request
Budget Authority (in $ millions) Prior FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 | BTC  Total
Formulation 2,673.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,673.9
Development/Implementation 8,491.1 4293 187.9 0.0 0.0 0.0 0.0 0.0 0.0 9,108.3
Dperations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2022 MPAR LCC Estimate 11,165.0  429.3 187.9 0.0 0.0 0.0 0.0 0.0 0.0 11,782.2
Total Budget 16,676.5 2,488.4 2,414.0  2,505.7 2,455.8 2,393.2 2,234.4 1,832.7 0.0 33,000.7
[Change from FY 2022 Budget Request 91.7
Percent change from FY 2022 Budget 3.8%
Request

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The difference between the total budget and the MPAR LCC estimate is the total budget includes content outside of
Artemis I and excludes CoF; LCC only includes Artemis I content, including CoF.

With the arrival of the SLS Core Stage at KSC in April 2021, NASA is continuing to assess the schedule and work
remaining for the Artemis I mission. NASA Leadership will review the results of these assessments before
considering potential updates to the Artemis I and Il launch planning dates.
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PROJECT PURPOSE

In support of the Artemis mission, the Launch Vehicle
Development project will enable deep space exploration with the
Space Launch System (SLS) launch vehicle. For the first time
since the Apollo program in 1972, American astronauts will
explore space beyond low-Earth orbit (LEO) and return to the
Moon, reinvigorating America's human exploration of the solar
system.

EXPLANATION OF MAJOR CHANGES IN FY 2023

The current Artemis I Launch Readiness Date (LRD) is no earlier
than (NET) May 2022. The current LRD for Artemis II is NET
May 2024.

NASA is focusing on successful completion of Artemis I and II
and preparation required for Artemis III and IV. The first three
flights will feature the SLS Block 1 configuration, utilizing a
human-rated Interim Cryogenic Propulsion Stage (ICPS). The
Budget will be used to continue development of the SLS Block 1B
configuration with the Exploration Upper Stage (EUS) for a first
flight on Artemis I[V. This block evolution approach focuses
NASA and its contractors on successfully delivering and flying
the Block 1 SLS before folding in the additional Block 1B
developments.

SLS rocket for Artemis I inside High
Bay 3 of the Vehicle Assembly
Building (VAB) at NASA's Kennedy
Space Center (KSC) in Florida.

PROJECT PARAMETERS

The primary components of the SLS include the Launch Vehicle Stage Adapter (LVSA), the ICPS, the
core stage and avionics, two five-segment solid rocket boosters, and four RS-25 engines.

The SLS core stage is over 200 feet tall, and atop it sits the LVSA, which connects the ICPS and core
stage. The Launch Vehicle Stage Adapter (LVSA) provides structural support for launch and separation
loads and protects propulsion system electrical components. The core stage contains five primary
subcomponents, including the forward skirt, liquid oxygen tank, intertank, liquid hydrogen tank, and
engine section. The engine section is the attach point for the four RS-25 engines, which combined with
the boosters will produce maximum thrust of 8.8 million pounds. On each side of the core stage, the five-
segment solid rocket boosters will stand 17 stories tall and burn five tons of propellant per second. The
boosters connect via the intertank and engine section attach points and will augment initial thrust for the
first two minutes of flight.

The Launch Vehicle Development project leverages hardware designed for heritage programs, including
adapted and refurbished Space Shuttle RS-25 main engines, five-segment Shuttle-derived solid rocket
boosters, and an ICPS derived from the Delta cryogenic second stage. The program benefits from
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NASA’s over half-century of experience and knowledge of liquid oxygen and hydrogen heavy-lift
vehicles, large solid rocket motors, and advances in technology and manufacturing practices, such as
friction stir welding. The SLS rocket will generate a total thrust at liftoff greater than that of the Saturn V
rocked used in the Apollo program.

The launch vehicle development follows a block evolution framework where the core stage will serve as
the common component in all future configurations. The Block 1 configuration, which is the
configuration for Artemis I, stands at 322 feet and features a lift capability of over 27 metric tons to
translunar injection for Moon missions. With this performance, Block 1 will be able to send the Orion
spacecraft towards the Moon. This SLS configuration will allow Orion to demonstrate deep space
technologies and hardware required for Earth-independent missions.

The planned evolution of the architecture to the Block 1B configuration will include an Exploration Upper
Stage (EUS), associated Universal Stage Adapter (USA) and Payload Adapter (PLA) to support Co-
Manifested Payloads (CPLs). This Block 1B configuration will be capable of delivering at least 37.3
metric tons of net payloads (Orion and up to 10.3 metric tons of additional payloads) to Trans-Lunar
Injection (TLI) on crewed missions

ACHIEVEMENTS IN FY 2021

Artemis I fully integrated core stage testing, also known as the Green Run, was completed in FY 2021.
The test series ended with a hot-fire on March 18, 2021. This final hot-fire test was critical to ensuring all
core stage components are ready for vehicle certification and final integration at Kennedy Space Center
(KSC). After Green Run, the core stage flight article, which required very little refurbishment, was
removed from the test stand at the Stennis Space Center and transported to KSC. At KSC, the core stage
was successfully integrated with the two solid rocket boosters, the LVSA, and the ICPS. The ICPS was
mated to the stack in July, and an Umbilical Release and Retract Test was completed in September.

Also, SLS completed a series of design certification review periods that concluded with a successful
Design Certification Review (DCR) process in January 2021 and concluded in September 2021. This
multiple segment process certifies the vehicle in preparation for the Artemis I Flight Readiness Review.

Hardware production continued on Artemis II, the first crewed flight of SLS, at Michoud Assembly
Facility (MAF) in New Orleans. Hardware fabrication of key Core Stage components included the
forward skirt (completed in February 2021), intertank (completed at MAF in March 2021), liquid oxygen
tank (completed in April 2021), liquid hydrogen tank, and engine section.

SLS continued to mature the capabilities of the more powerful Block 1B (B1B) vehicle. An Independent
Review Team (IRT) completed its initial review of the B1B Exploration Upper Stage (EUS) and
associated activities during the summer and fall of 2021, recommending that EUS move into Key
Decision Point Phase C, which is the final design and fabrication stage. The IRT has committed to remain
engaged with the program for the upcoming Critical Design Review (CDR), ensuring continuous
independent assessment of the B1B upgrade.
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WORK IN PROGRESS IN FY 2022

The final stacking of the SLS elements for Artemis I was completed on October 11, 2021, when the Orion
Stage Adaptor (OSA) was mated to the stack. The OSA also contained 10 secondary payloads that will be
released after the ICPS separates from the Orion spacecraft. The Orion spacecraft was mated to the OSA,
completing stacking of all components for the Artemis I mission.

Hardware production continues for Artemis II, the first crewed flight of SLS with fabrication and
outfitting of the liquid oxygen tank, liquid hydrogen tank, and engine section at MAF; as well as the
completion of the first major join to create the forward section (forward skirt, liquid oxygen tank and
intertank). Teledyne Brown Engineering has welded all LVSA panel sections and applied its thermal
protection system, and United Launch Alliance has shipped the second ICPS from Decatur, AL, to KSC.
SLS is also continuing Artemis Il hardware completion with production of the OSA, delivery of four RS-
25 engines to MAF for integration, and completion of booster forward and aft assemblies. The program
completed the first flight readiness analysis cycle for Artemis II. With the completion of the liquid
hydrogen tank, the next major join will occur with the mate of the forward section and hydrogen tank. In
addition, the Core Stage Engine Section integration activities continue.

The B1B vehicle will have an internal Boeing review with NASA insight in preparation for a CDR in the
summer of 2022. Autonomous Flight Safety System (AFSS) is currently under development by the B1B
Development Office to replace the heritage Flight Termination System. These range safety systems are
used to destroy the vehicle in the event of a major malfunction. The AFSS will be flown in shadow
(monitor only) mode on Artemis III and fully operational on Artemis IV. It replaces the old system, which
will no longer be supported by the United States Space Force.

Artemis III hardware production will continue, including the Artemis III OSA, ICPS-3, and LVSA for this
mission. The panels for the LVSA will be welded together. SLS will initiate contract actions for the
Stages Production and Evolution Contract (SPEC) in 2022. In November 2021, SLS awarded the Booster
Production and Operation Control (BPOC) contract. This includes production and operations for boosters
for Artemis IV-VIII and design, development, test, and evaluation of a booster flight set as part of Booster
Obsolescence and Life Extension (BOLE) for Artemis [X.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

SLS will complete core stage two final assembly and integration with delivery to Exploration Ground
Systems (EGS) at KSC for stacking and integration. Artemis II will be the first crewed launch of the SLS
rocket and the Orion spacecraft.

Artemis III hardware production will continue, including the Artemis III OSA, ICPS-3, core stage
components and launch vehicle stage adaptor for this mission. Artemis [V hardware production will
continue.
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Schedule Commitments/Key Milestones

Key Decision Point-A (KDP-A) Nov 2011 Nov 2011
Formulation Authorization May 2012 May 2012
System Requirements Review (SRR) May 2012 May 2012
Iéiﬁ?ﬁ?ﬁ%f roject Management Jul 2012 Jul 2012
Preliminary Design Review (PDR) Board Jun 2013 Jun 2013
KDP-C APMC Jan 2014 Jan 2014
Critical Design Review (CDR) Board Jul 2015 Jul 2015
Design Certification Review Sep 2017 Sep 2021
Artemis I Launch Readiness* Nov 2018 NET May 2022

*Currently under review until wet dress rehearsal

Development Cost and Schedule

Artemis | NET Ma
2015 6,390.4 70% 2022 9,108.3 +42.5% | Launch Nov 2018 2022 Yo 4
Readiness

Note: 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.
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Development

Development Cost Details

TOTAL: 6,390.4 9,108.3 +2,717.9
Stages Element 3,138.6 5,183.7 +2,045.1
Liquid Engines Office* 567.3 495.5 -71.8
Booster Element 1,090.3 1,053.3 -37.0
Eﬁg"gfﬁi i‘lyégi‘,‘;é;“egra“"n 447.1 640.2 +193.1
Other 1,147.1 1,735.6 +588.5

*The Agency Baseline Commitment previously included fixed and shared costs with the RS-25 production restart
activity (in the Liquid Engines Office), which supports Artemis I and later missions. SLS removed those costs from
the estimate and significantly lowered the Artemis I Liquid Engines Olffice and Base Year Development Cost

Estimate.

Project Management & Commitments

Responsible for development, Provider: Marshall Space Flight Center
testing, production, and (MSFC)
Booster support for the five-segment | Lead Center: MSFC N/A
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, and Lead Center: MSFC
Engines support for both core stage ) N/A
(RS-25) and upper stage Performing Center(s): MSFC; SSC
liquid engines. Cost Share Partner(s): N/A
Responsible for development, .
Block 1B testing, and production of the Proyider: MSFC
initial Exploration Upper Lead Center: MSFC
Development . N/A
Office Stage, as well as devel(?pment Performing Center(s): MSFC/MAF; SSC
for the Autonomous Flight Cost Share Partner(s): N/A
Safety System (AFSS).
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Development

Responsible for development,

testing, production, and Provider: MSFC

support of hardware elements, | | cad Center: MSFC
Stages including core and upper o ) ) N/A

stages, liquid engine Performing Center(s): MSFC/MAF; SSC

integration, and avionics Cost Share Partner(s): N/A

integration.

Responsible for development, .

testing, production, and Provider: MSFC

support of hardware elements | Lead Center: MSFC
Spacecraft : . . )

for integrating the Orion Performing Center(s): MSFC, Langley
Payloads and i ) N/A
Integration Spacecra an payloads onto | Research Center (LaRC), Glenn

SLS, including the ICPS, Research Center (GRC), and KSC

OSA, LVS.A_’ USA, and Cost Share Partner(s): N/A

payload fairings.

Project Risks

If: SLS suppliers and/or
Assembly Integration and
Processing work experience
delays,

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

Production efforts have been impacted by the pandemic’s direct effect on
workforce as well as 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.
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Acquisition Strateqy

MAJOR CONTRACTS/AWARDS

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

Universal Stage Adaptor | Dynetics, Inc. Huntsville, AL

Launch Vehicle Stage Teledyne Brown Engineering, Inc. Huntsville, AL

Adaptor

Boosters Northrop Grumman Innovation Systems Magna, UT

Core Stage Engine Aerojet Rocketdyne Desoto Park, CA; SSC

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

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

Upper Stage Engines Acrojet Rocketdyne West Palm Beach, FL

INDEPENDENT REVIEWS

To evaluate the completeness
. P . The SRB evaluated
and consistency of the planning, .
. the project and
technical, cost, and schedule !
.. . . determined the
Preliminary baselines developed during project is
De51.gn SRB Aug formulatlop, assess comphapce sufficiently mature N/A
Review 2013 of the preliminary design with .
. . to begin Phase C
(PDR) applicable requirements; and .
.. N and begin final
determine if the project is .
. . design and
sufficiently mature to begin c
fabrication.
Phase C.
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Development

Review Type | Performer 3::,::: Purpose Outcome g:ﬁew
To evaluate the integrity of the
project design and its ability to The SRB evaluated
meet mission requirements with | the project and
. appropriate margins and determined the
Critical . oy L
Design acc.eptable rlsk.w1th.1n deﬁned prOJeqt is
Review SRB Jul 2015 proj ect constraints, including sufficiently rnatur.e N/A
(CDR) available resources. To to progress to major
determine if the design is manufacturing,
appropriately mature to continue | assembly, and
with the final design and integration.
fabrication phase.
Exploration Schedule
Systems Assessors Programmatic assessment and
Development from Offi Ivsis of Artemis I schedul NASA leadership
(ESD) rom Office analysis o emis I schedules was briefed on
. of the Chief | Jun 2019 | and schedule risk across all ESD . N/A
Artemis I . . . . Artemis I launch
Financial programs with an emphasis on .
Independent . date options.
Officer program performance and risks.
Schedule (OCFO)
Assessment
NASA's
Management of
Space Launch
System Program
Costs and Contracts
To update the status of Core (IG-20-012) NASA
Stages development and concurred with IG
examine the remaining major recommendations
SLS elements and corresponding | including reviewing
prime contracts to determine the | Human Exploration
Tnspector Mar exteqt to which. the SLS is anfi (.)perat.ions
Performance General (IG) | 2020 meeting Artemis 1 cost and Mission Directorate | N/A
schedule goals, that NASA is and program
tracking and appropriately management
reporting overall cost and policies, procedures,
schedule goals, and SLS is and ABC reporting
managing cost and schedule for | processes; and
key contracts. improvements to
contract
management, cost
accounting and
performance
monitoring.
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Development

Programmatic assessment and . .
ESD Artemis Independent analysis of Artemis I schedule Estab.hshed revised
. Review Apr 2020 . . baseline and launch | N/A
I Re-baseline Team (IRT) and schedule risks of Artemis I readiness date
launch date and JCL. ’
NASA's Challenges
to Safely Return
Humans to the
Moon by 2024 (1G-
21-007)
1G identified
returning to the
Tofaddress NASA'S Aerospace Moon as a top
Inspector Safety Advisory management and
Performance | - o (IG) Dec 2020 | Panel concerns over the performance N/A
Agency’s plans to return-to-the- | challenge and will
Moon by 2024. continue oversight
of NASA’s
management of the
Artemis campaign
and the Agency’s
human exploration
efforts through other
audits and reviews.
GAO made two
recommendations to
establish baselines
To assess the progress the ahead of a key
programs are making towards design review and
Artemis I with respect to improve internal
General . schedule and cost, and the extent | reporting about
Performance g;gé:ntmg Dec 2020 | to Wl}iCh the programs are capability upgrades | N/A
positioned to support the planned | for human space
(GAO) Artemis flight schedule beyond exploration
Artemis I. programs beyond
Artemis I. NASA
concurred with the
recommendations
made in this report.

DEXP-38



Deep Space Exploration Systems: Common Exploration Systems Development: Space Launch

System

LAUNCH VEHICLE DEVELOPMENT

Development

ESD
Enterprise
Integration
Review (EIR)

IRT

Jan 2021

To confirm that flight and
ground hardware elements,
software, support equipment,
facilities and infrastructure are
ready to support assembly,
integration, test, and mission
operations per the planned
schedule for Artemis 1.

The IRT confirmed
the programs are
sufficiently mature
to proceed for
integrated
operations.

N/A

Performance

Inspector
General (IG)

Apr 2021

To provide an update on the
NASA 2020 Artemis Plan.

Artemis Status
Update (IG-21-018)
- IG will continue to
monitor the
Agency’s efforts
towards achieving
2020 Artemis Plan.

N/A

Performance

General
Accounting
Office
(GAO)

May
2021

To assess NASA's ability to
accomplish the March 2019
White House direction to
accelerate its plans for a lunar
landing by four years to 2024.

Significant Work
Remains,
Underscoring
Challenges to
Achieving Moon
Landing in 2024
(GAO-21-230) -
GAO made four
recommendations,
including that
NASA document the
process for
determining key
programmatic and
technical tools for
the Artemis
missions. NASA
concurred with three
of the
recommendations,
but not the fourth,
which related to the
costs included in a
lunar rover's cost
estimate.

N/A
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. Date of Next
Review Type | Performer Review Purpose Outcome Review
. To certify the implemented This multiple
Design design complies with applicable | SCEMIEnt Process
Certification g p pp certified the vehicle
. SLS IRT Sep 2021 | requirements and necessary . . N/A
Review verification activities are in preparation for
(DCR) satisfactorily completed the Artemis I Flight
y P ' Readiness Review.
NASA's
To assess the Artemis Management of the
Campaign’s schedule and Artemis Missions
projected costs as well as how (1IG-22-003) - IG
Inspector Nov , . . .
Performance the Agency’s acquisition and will continue to N/A
General 2021 . . o
programmatic approaches monitor acquisition
facilitate landing astronauts on and programmatic
the Moon. approach for
Artemis Missions.
Moon Landing Plans
Are Advancing but
Challenges Remain
(GAO-22-105533) -
GAO restated its 10
previous
recommendations
General , related to improving
. To update NASA's progress and ,
Accounting | Mar . . NASA's
Performance challenges in working towards . N/A
Office 2022 the first three Artemis missions management of its
(GAO) * | Artemis efforts and
related programs.
NASA generally
agreed with these
recommendations
and plans to take
steps to implement
them.
Operational
Readiness To evaluate the readiness of the
Review/ project to operate the flight
Flight Independent NET Apr | system and associated ground
. Assessments . N/A N/A
Readiness (IA)/IRT 2022 system; and support systems for
Review safe and successful launch and
(ORR/FRR) flight/mission.
for Artemis I
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Launch
Readiness
Date/Initial NET To assess all capabilities of the
Operations IA/IRT May vehicle to support the readiness | N/A N/A
Capability 2022 to launch.
(LRD/1OC)
for Artemis I
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 580.0 590.0 749.9 664.2 510.8 467.2 432.3
Change from FY 2022 Budget Request 159.9
Percent change from FY 2022 Budget Request 271%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The Exploration Ground Systems (EGS) program will
play an integral role in the Artemis missions by enabling
integration, processing, and launch of the Space Launch
System (SLS) and Orion spacecraft. EGS is making all
required facility and ground support equipment
modifications at Kennedy Space Center (KSC) to enable
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.

The EGS program, based at KSC, develops and operates
the systems and facilities necessary to process,
assemble, transport, and launch spacecraft and rockets.
EGS’s mission is to enable the Center to handle future
Artemis missions.

NASA's Space Launch System and Orion
Spacecraft in High Bay 3 of the Vehicle Assembly
Building.

EGS is upgrading the launch pad, 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.

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 ground systems' performance meets technical and safety specifications
and supports the programmatic assessments key to achieving integrated technical, cost, and schedule
management. In addition, the EGS integration effort is vital to managing interfaces with other Exploration
Systems Development Mission Directorate and Space Operations Mission Directorate activities, including
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strategic studies, feasibility studies, and small-scale research tasks that feed into future human
exploration. Coordination and timely integration across the three programs is aimed at mitigating the
impacts of potential design overlaps, schedule disconnects and delays, and cost overruns.

EXPLORATION GROUND SYSTEMS DEVELOPMENT

EGS Development is developing necessary ground systems as well as refurbishing and upgrading
infrastructure and facilities required for assembly, test, and launch of SLS and Orion, along with landing
and recovery activities of Orion. This includes LC-39B, the VAB, the ML, and other smaller facilities.
See the Exploration Ground Systems Development section beginning on the following page for additional
details.
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FY 2023 Budget

Op Plan Request Request
Budget Authority (in $ millions) Prior FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 | BTC  Total
Formulation 974.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9747
Development/Implementation 2,289.7  200.9 101.9 0.0 0.0 0.0 0.0 0.0 0.0 25925
Dperations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2022 MPAR LCC Estimate 3,264.5 2009 101.9 0.0 0.0 0.0 0.0 0.0 0.0 3,567.3
Total Budget 4,168.0  569.2 585.3 747.3  660.0 503.8 460.0 425.0 0.0 8,118.6
[Change from FY 2022 Budget Request 162.0
Percent change from FY 2022 Budget 27.7%
Request

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The difference between the total budget and the MPAR LCC estimate is the total budget includes content outside of
Artemis I and excludes CoF; LCC only includes Artemis I content, including CoF.

With the arrival of the SLS Core Stage at KSC in April 2021, NASA is continuing to assess the schedule and work
remaining for the Artemis I mission. NASA Leadership will review the results of these assessments before
considering potential updates to the Artemis I and Il launch planning dates.
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PROJECT PURPOSE

Exploration Ground Systems (EGS) is preparing to launch the
Space Launch System (SLS) and Orion spacecraft in support of
the Artemis missions. EGS is developing the necessary ground
systems while refurbishing and upgrading infrastructure and
facilities required for assembly, test, and launch of SLS and
Orion, along with the landing and recovery activities of Orion.
This includes 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 to evolve
from a Space Shuttle focus to supporting Artemis missions. The
modernization efforts maintain flexibility for LC-39B and the
VAB to accommodate other potential users and commercial
partners, though no other users have been identified to date.
Following the Artemis I launch of the first SLS and Orion, the
ML-1, VAB, and LC-39B will undergo additional modifications
to accommodate crewed flight. Kennedy Space Center (KSC)

Shown here is the fully assembled Space has more than 50 years serving as our Nation’s gateway to
Launch System rocket and Orion exploring the universe. Using the knowledge and assets of
Spacecraft in High Bay 3 of the Vehicle NASA'’s successful spacefaring past, the EGS Program is

Assembly Building at NASA's Kennedy helping to build a successful future for human spaceflight.

Space Center in Florida.

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

EXPLANATION OF MAJOR CHANGES IN FY 2023

The current Artemis I target Launch Readiness Date (LRD) is no earlier than (NET) May 2022 (currently
being assessed, pending final integration and test). The current target LRD for Artemis Il is NET May
2024. Due to poorly-defined requirements, poor contractor performance, and increased material costs,
additional funding has been added to the budget to support continued development and construction.

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 many of the facilities unique to KSC, such as the 52-story VAB and LC-39B launch
complex. For the Artemis missions, the EGS team is developing procedures and protocols to process the
spacecraft, the rocket elements, and the launch abort system before assembly into an integrated vehicle.
Additional ground system work required to launch astronauts into space on Artemis Il includes modifying
the ML-1 and crawler-transporters, preparing LC-39B at KSC, and modernizing computers, software,
tracking systems, and other network communications.
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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 rocket and
a tower equipped with a number of 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 will support the Agency’s Artemis I, II, and III launches.

ML-2 is the ground platform structure that will launch SLS Block 1B 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 Block 1B.

Machines called crawler-transporters have carried the load of taking rockets 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 2021

Significant Artemis I milestones were completed in FY 2021, such as the booster stack, core stage mate,
Orion to SLS Integration, and the Integrated Vehicle Tests. In addition, significant development progress
was made in support of future Artemis crewed missions, such as the Preliminary Design Review for the
ML-2 and progress on the Emergency Egress System.

EGS completed software development efforts and Multi-Element Verification and Validation (MEVV) of
the ground systems in support of Artemis I. Spacecraft processing operations for Orion took place at the
Multi-Payload Processing Facility (MPPF) and Launch Abort System Facility (LASF), followed by SLS
flight hardware assembly and SLS/Orion integration and testing at the VAB in support of the Artemis I
mission.

The integrated recovery team of NASA, EGS, Lockheed Martin and the Department of Defense (DoD)
team, along with additional contractor support, conducted Underway Recovery Test-8 (URT-8) in the
Pacific coast of California to ensure the safe recovery of the Orion crew module after the Artemis I
mission.

The Spacecraft Command and Control System (SCCS) completed development and verification and
validation activities and is supporting processing operations at KSC.

The program completed a two-step PDR for the ML-2, which demonstrated the preliminary design met all
system requirements and establishes the basis for proceeding to Critical Design Review (CDR). PDR Step
1, which covered technical requirements and readiness, was completed in March 2021. Results from PDR
Step 2, which covers programmatic readiness and results in the establishment of an Agency Baseline
Commitment, will be reviewed for final approval at KDP-C in 2022.

The EGS team made progress on a new Emergency Egress System (EES) for LC-39B, an emergency
system where flight or ground crew could board a basket with a braking system at the crew access level of
the ML-1. The crew would ride the basket down a cable and come to a stop near a bunker to the west of
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the pad surface, providing quick escape in the unlikely event of an emergency. Construction will be
complete in time to support crewed Artemis missions.

The program continued construction activities of the Liquid Hydrogen (LH2) Sphere at LC-39B. The
project involved the integration of a new 1.4 million gallon, LH2 storage sphere into the existing LC-39B
system. The new LH2 Sphere, in addition to the current LH2 Sphere, will supply 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. Construction
began in 2019 and will be complete to support Artemis II.

The EGS Program Artemis II Checkpoint I was conducted in August 2021. The review was successful,
and all board members concurred that EGS demonstrated readiness in support of the Artemis Il Mission.

WORK IN PROGRESS IN FY 2022

In support of Artemis I and II, EGS will complete key milestones in FY 2022. For Artemis I, EGS will
perform Wet Dress Rehearsal (WDR), perform final closeouts, and launch the first Artemis mission. In
preparation for Artemis II and future crewed missions, EGS will utilize the modification period between
launches to complete critical modifications, upgrades, and developments to the launch pad, VAB, and
ML-1.

The program completed URT-9 in November 2021. The purpose of URT-9 was to certify the recovery
personnel and related on-shore mission interfaces who will be responsible for Artemis I mission recovery
operations.

EGS will complete the Artemis I WDR and perform final closeouts in spring of 2022. Shortly after, pad
operations and launch countdown will begin, and EGS will launch the first Artemis mission, followed by
landing and recovery operations. The current Artemis I target LRD is currently planned for NET May
2022 (currently being assessed, pending final integration and test).

Concurrent with first time processing and launch of Artemis I, EGS will continue development work for
the upgrades and modifications to the launch pad, VAB and ML-1 in support of Artemis II, the first
crewed mission, and future missions. The EES Conveyance Modifications Construction Contract for ML-
1 and LC-39B will provide emergency exit from the launch vehicle. The project began off-line fabrication
in October 2021 and is expected to begin on-site field installation in the fourth quarter of FY 2022.

In FY 2022, EGS will continue the Emergency Egress System for and begin the hardware pre-fabrication
modifications and construction on ML-1. The program will also complete construction of LC-39's Liquid
Hydrogen Sphere and begin verification and validation certification.

EGS will continue fabrication of Environmental Control System (ECS) in the VAB and begin upgrades at
LC-39B to support future Artemis missions and continue upgrades at the Compressor Converter Facility.
The program will also continue design of the liquid Nitrogen RL-10 Chilldown system at LC-39B.

The ML-2 Programmatic PDR was held in December 2021 along with a review by an Independent
Review Team (IRT). In late FY 2022, ML-2 will complete the Critical Design Review and begin the
construction phase of the project.
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The design for the Payload Enclosed Access Room (PEAR) will begin in FY 2022. The PEAR cleanroom
will support cargo payloads future missions.

EGS will begin the construction for Vehicle Assembly Building (VAB) High Bay (HB) 3 platform
modifications in FY 2022. The HB3 platforms will be utilized for processing and stacking the Exploration
Upper Stage (EUS) and Interstage, which will support future crewed Artemis missions.

EGS will start performing validation of Crew Transportation Vehicle in September 2022.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

The program will complete most Artemis II development efforts discussed above to support the Artemis 11
launch in FY 2024.

The integrated recovery team of NASA, EGS, Lockheed Martin, and the DoD, along with additional
contractor support, will conduct URT-10 in the fall of 2022 in the Pacific coast of San Diego California to
ensure safe recovery of the Orion crew module for future Artemis missions. URT-10 will be the first
underway test to support Artemis II's crewed mission. This test will include day and night recovery
testing.

Other major construction projects, such as the construction for the Liquid Nitrogen Infrastructure Update,
VAB HB4, and VAB Payload Enclosed Access Room (PEAR) will begin in FY 2023. These efforts will
support future crewed Artemis missions by upgrading the Liquid Nitrogen capabilities for quicker
turnarounds for scrubbed launches, modifying the VAB HB4 platforms to support processing and stacking
the SLS B1B vehicle configuration, and providing the PEAR cleanroom that will support cargo payloads
on future missions.

Schedule Commitments/Key Milestones

Milestone Confirmation Baseline Date FY 2023 PB Request
Key Decision Point-A (KDP-A) Feb 2012 Feb 2012
Formulation Authorization Apr 2012 Apr 2012
Systems Requirements Review (SRR) / System

Design Review (SDR) Aug 2012 Aug 2012
KDP-B Agency Project Management Council

(APMC) Nov 2012 Nov 2012
Preliminary Design Review (PDR) Board Mar 2014 Mar 2014
KDP-C APMC May 2014 May 2014
Critical Design Review (CDR) Board Dec 2015 Dec 2015
System Integration Review (SIR) Apr 2018 Jun 2018
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Operational Readiness Review / Flight Readiness

Review (FRR) Jul 2019 Jul 2019

Artemis I Launch Readiness Nov 2018 NET May 2022 (under
assessment)

Mobile Launcher 2 PDR (Technical) Mar 2021 Mar 2021

Mobile Launcher 2 PDR (Programmatic) Jul 2021 Dec 2021

Development Cost and Schedule

Artemis |
2015 1,843.5 80% 2022 2,592.5 40.6% Nov 2018 NET May

Readiness 2022

42

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 2,592.5 +749.0
Mobile Launcher 213.1 501.4 +288.3
LC-39B Pad 77.5 48.1 -29.4
VAB 92.7 421 -50.6
command, Control, and 198.0 544.5 1346.5
Offline Processing and 110.2 143.5 +33.3
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Infrastructure

Other 1,152.0 1,313.0 +161.0

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, 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 Development Cost
Estimate. In addition, the program removed $27 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.

Project Management & Commitments

EGS balances customer requirements among SLS, Orion, and other Government and commercial users.
EGS is developing ground systems infrastructure necessary to assemble, test, and launch SLS and Orion,
as well as land and recover Orion flight elements.

GSI is responsible for the

design, development, build, Provider: KSC
Ground Systems harfiware.:/software integration, | 1 .4 Center: KSC

. verification and validation, .

Implementation | /"~ o Performing Center(s): Ames Research N/A
(GSD operations for Program Center (ARC)

facility systems and Ground Cost Share Partner(s): N/A

Support Equipment (GSE).
Operations and O&th.ls responﬁblle for. Provider: KSC
Test conducting overall planning Lead Center: KSC
Management and execution of both flight . . N/A
© &T%\/I) hardware and ground systems | Performing Center(s): N/A

processing activities. Cost Share Partner(s): N/A
Command C3 is responsible for. Provider: KSC
Control devel.opment, operation, and Lead Center: KSC
Comm ’ni tion sustainment of End-to-End . ' N/A
( C03) unicatio Command and Control and Performing Center(s): N/A

Communications services. Cost Share Partner(s): N/A
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Development

PMT includes project
management, safety and

Program - .

mission assurance, logistics,
Management systems engineering, utilities
Team (PMT) Y g &

and facility operations, and
maintenance.

Provider: KSC

Lead Center: KSC
Performing Center(s): N/A
Cost Share Partner(s): N/A

N/A

Project Risks

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 Emergency
Egress System (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 the EES at the Pad. The
dependencies with Artemis II ML-1 modifications may
prevent timely installation and testing of the 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 I
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 the ECS that will enable it to support both
Block 1 and Block 1B vehicles. This will require
modifications to the existing circuits; however, these
circuits must 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 verification and validation schedule.
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Risk Statement

Development

Mitigation

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.

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

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

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
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.

MAJOR CONTRACTS/AWARDS

EGS development activities will encompass projects of varying content and size. EGS does not have a
prime contract; it 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.

Element Vendor Location (of work
performance)

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
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INDEPENDENT REVIEWS

Development

Review Type Performer Dat(? U Purpose Outcome Next Review
Review
To evaluate completeness
Preliminary Stagdlng and .cops1stency. of program Program cleared
. . Review Mar preliminary design; to
Design Review . . to proceed to next | N/A
(PDR) Board 2014 determine readiness to hase
(SRB) proceed with detailed design phase.
phase.
To demonstrate that program
design is mature; support
full-scale fabrication,
Critical Design Dec assembly, integration, and Program cleared
Review (CDR) SRB 2015 test; and meet overall tc;lgggceed tonext | N/A
performance requirements p '
within cost and schedule
constraints.
To evaluate the readiness of
the program, including its
KSC projects and supporting
System infrastructure, to begin Program cleared
. Independent | Jun
Integration . system Assembly, to proceed to next | N/A
; Review 2018 . .
Review (SIR) Team (IRT) Integration, and Test with phase.
acceptable risk and within
cost and schedule
constraints.
NASA leadership
Exploration Schedule . was briefed on
Programmatic assessment .
Systems assessors . . Artemis I launch
and analysis of Artemis I .
Development from Office Jun schedules across all ESD date options.
(ESD) Artemis I | of the Chief 2019 roerams with an emohasi OCFO staff N/A
Independent Financial gnogro anV;, erforilaﬁcesafl d briefed NASA
Schedule Officer riski gram p leadership on
Assessment (OCFO) ’ Artemis I launch
date options.

DEXP-53



Deep Space Exploration Systems: Common Exploration Systems Development: Exploration

Ground Systems

EXPLORATION GROUND SYSTEMS DEVELOPMENT

Development

Audit of NASA’S
Development of
its Mobile
Launchers (IG-
20-13). The IG
Inspector Mar To assess the Agency's made four
Performance General 2020 development of its mobile recommendations | N/A
aG) launchers to NASA on
changes needed to
ensure success
with developing a
second mobile
launcher.
NASA's
Development of
Ground and Flight
Application
To evaluate whether i(;tt:):fiusre for the
NASA's management has Campaign (IG-20
Inspector taken appropriate steps in ampaign 7 b-ct-
Mar . . 014). The IG
Performance General developing and managing N/A
2020 . . made two
16 the risk of its Ground and recommendations
Flight Application Software .
. . to NASA as it
for the Artemis Campaign.
proceeded
through the
remaining
Artemis software
development.
Programmatic assessment .
ESD Artemis I Apr and analysis of Artemis I iS\E?sbelcllsgzgeline
. IRT P schedule and schedule risks N/A
Re-baseline 2020 . and launch
of Artemis I launch date and .
ICL. readiness date.
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Development

NASA's
Challenges to
Safely Return
Humans to the
Moon by 2024
(IG-21-007)

IG identified
returning to the

flight schedule beyond
Artemis .

exploration
programs beyond
Artemis I. NASA
concurred

with the
recommendations
made in this
report.

To address NASA's Moon as a top
Inspector e Aerospace Safety Advisory ma?agement and
Performance General 2020 Panel concerns over the pﬁrl(l)rmance dwill N/A
(IG) Agency’s plans to return-to- chalienge and wi
the-Moon by 2024. continue oversight
of NASA’s
management of
the Artemis
Campaign and the
Agency’s human
exploration efforts
through other
audits and
reviews.
GAO made two
recommendations
to establish
baselines ahead of
To assess the progress the a k@y design
programs are making review and
towards Artemis I with 1mprove internal
General respect to schedule and cost, report'n?g about
Accounting | Dec and the extent to which the capability
Performance Office 2020 programs are positioned to upgrades for N/A
(GAO) support the planned Artemis human space
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Development

To confirm that flight and
ground hardware elements, The IRT
software, support equipment, | confirmed the
ESD Enterprise facilities and infrastructure programs are
Integration IRT Jan 2021 | are ready to support sufficiently N/A
Review (EIR) assembly, integration, test, mature to proceed
and mission operations per for integrated
the planned schedule for operations.
Artemis .
Ingramcomiecnes | vt i
ML 2 PDR IRT Mar celiminary desien: to readiness for the ML 2 PDR
(Technical) 2021 P pary design, project to initiate | (Programmatic)
determine readiness to .
proceed to CDR. construction.
Artemis Status
Update (IG-21-
018) - IG will
Inspector . continue to
Performance General Apr To provide an updaFe on the monitor the N/A
2021 NASA 2020 Artemis Plan. s
aI1G) Agency’s efforts
towards achieving
2020 Artemis
Plan.
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Development

Significant Work
Remains,
Underscoring
Challenges to
Achieving Moon
Landing in 2024
(GAO-21-230) -
GAO made four
recommendations,
To assess NASA's ability to ;Ijlglsliugi, iﬁlen t
General accomplish the March 2019
. . L the process for
Accounting | May White House direction to o
Performance . determining key N/A
Office 2021 accelerate its plans for a roerammatic and
(GAO) lunar landing by four years Progr
{0 2024 technical tools for
’ the Artemis
missions. NASA
concurred with
three of the
recommendations,
but not the fourth,
which related to
the costs included
in a lunar rover's
cost estimate.
NASA's
To assess the Artemis Managemgnt of
o the Artemis
Campaign’s schedule and Missions (IG-22-
projected costs as well as 003) - 1G will
Inspector Nov how the Agency’s .
Performance S continue to N/A
General 2021 acquisition and monitor
programmatic approaches acquisition and
facilitate landing astronauts q .
on the Moon programmatic
’ approach for
Artemis Missions.
To evaluate completeness gfffrife d the
Mobile Launcher Dec and consistency of program ro@rams are
2 PDR IRT preliminary design; to progrd CDR
. 2021 . . sufficiently
(Programmatic) determine readiness to
roceed to CDR mature to proceed
P : to CDR.
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Development

Moon Landing
Plans Are
Advancing but
Challenges
Remain (GAO-
22-105533) -
GAO restated its
10 previous
recommendations
General To update NASA's progress | related to
Accountin, Mar and challenges in workin improvin
Performance Office y 2022 towards thegﬁrst three y N/SSA'S ¢ N/A
(GAO) Artemis missions. management of its
Artemis efforts
and related
programs. NASA
generally agreed
with these
recommendations
and plans to take
steps to
implement them.
Operational To evaluate the readiness of
Readiness the project to operate the
Review/ Flight NET flight system and associated
Readiness TIA/IRT May ground system; and support | N/A N/A
Review 2022 systems for safe and
(ORR/FRR) for successful launch and
Artemis | flight/mission.
Launch
Readiness
Date/Initial NET To assess all capabilities of
Operations TIA/IRT May the vehicle to support the N/A N/A
Capability 2022 readiness to launch.
(LRD/1OC) for
Artemis I
To demonstrate that program
design is mature; support
. Mar full-scale f.abricatif)n,
Mobile Launcher IA/IRT 2022 assembly, integration, and N/A N/A
2 CDR test; and meet overall
(U/R) .
performance requirements
within cost and schedule
constraints.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Gateway 501.5 685.0 779.2 754.5 685.4 661.7 758.2
Adv Cislunar and Surface Capabilities 45.0 82.0 59.6 57.8 62.9 4252 555.6
Human Landing System 9283 1,195.0 1,485.6 1,863.8 2,246.1 2,1682  2,5379
xEVA and Human Surface Mobility Program 197.3 100.0 275.9 297.7 494.9 598.8 599.1
Total Budget 1,672.1  2,062.0 2,600.3 2,973.8 3,489.3 3,853.9 4,450.7
Change from FY 2022 Budget Request 538.3
Percent change from FY 2022 Budget Request 26.1%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The overarching goal of the Artemis Campaign
Development (ACD) theme is to develop the
systems that will be used to land humans on the
Moon, explore the lunar surface, and prepare for
Mars exploration. ACD comprises three
programs previously funded under the retired
Exploration Research and Development (ERD)
theme: Gateway, Advanced Cislunar and Surface
Capabilities (ACSC), and the Human Landing
System (HLS). It also includes a newly formed
program: Exploration Extravehicular Activity
(xEVA) and Human Surface Mobility. ACD's

The Near Earth Asteroid (NEA) Scout shown above is the
first CubeSat delivered and ready for integration into
Space Launch System (SLS) for the Artemis I mission.

work will create the necessary exploration
infrastructure in lunar orbit and on the lunar
surface that astronauts will use during Artemis

missions. ACD 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. These 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 Gateway will be a small way station that will orbit the Moon and support human and robotic missions
to the lunar surface. Initial elements of the Gateway outpost will be launched together into orbit around
the Moon, where they will provide critical infrastructure to enable fully reusable lunar landers. The
Gateway will be capable of supporting early human-rated lander deployments and operations enabling
lunar surface capability.

ACD leads the next phase of lunar sustainability with the development activities occurring under ACSC.
Future systems will provide habitation and cargo landing capabilities, including the Foundation Surface
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Habitat and a Lunar Cargo Lander capable of landing major surface elements, both of which are key
elements required for sustainability on the lunar surface. These systems have requirements that overlap
with requirements likely to be established for crewed Mars missions, and so they also reduce risk and
prove capabilities likely needed for eventual missions to Mars.

Through commercial partnerships, HLS will support the development and deployment of the integrated
system that will land the first woman and first person of color on the surface of the Moon. The
demonstration of an integrated lander is the first step to enable more permanent human access to the lunar
surface. The Budget fully funds the lunar lander that will be used for the first Artemis mission to the lunar
surface, and also provides funding to support the development of multiple, distinct lunar landers for future
missions.

The XEVA and Human Surface Mobility program is formulating the systems that NASA will use to
explore the surface of the Moon. These surface systems, including the Lunar Terrain Vehicle, the
Habitable Mobility Platform, and XEV A surface suits, will provide capabilities and result in lessons
learned expertise that will support future Mars missions.

ACD activities utilize a variety of agreements and contracts that enable NASA, private industry,
academia, and international partners to share in the risks and rewards of Government investments. These
shared risks include incentivizing technical performance and building future commercial markets with
financial interest in developing capabilities. These programs are also utilizing the unique skills of the
NASA workforce to perform risk reduction, develop life support systems, and build the missions that will
take humanity back to the Moon and beyond.

The missions pioneered by ACD will enable the first intrepid crews of the new space age to travel safely
to and from the surface of the Moon and mature 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.

EXPLANATION OF MAJOR CHANGES IN FY 2023

ACD has been established as a new theme, encompassing the Gateway, HLS, and ACSC programs that
previously resided under the retired ERD theme.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 501.5 685.0 779.2 754.5 685.4 661.7 758.2
Change from FY 2022 Budget Request 94.2
Percent change from FY 2022 Budget Request 13.8%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The Gateway will serve as a multi-purpose outpost orbiting
the Moon that provides essential support for long-term
human missions to the lunar surface. The initial Gateway
capability will provide systems to enable crewed missions to
cislunar space, including capabilities that enable lunar
surface missions.

In addition to serving as a destination for astronaut
expeditions and scientific research, the Gateway will serve
as a port for deep space transportation (e.g., landers in route
to the lunar surface or potentially spacecraft embarking to
destinations beyond the Moon [including Mars]). Located
tens of thousands of miles from the lunar surface at its
farthest point and within a couple of thousand miles of the
surface at its closest point, the Gateway will be in a near-
rectilinear halo orbit. This orbit will allow NASA and its
international and commercial collaborators to have
unprecedented lunar surface access, conduct deep space science and technology investigations, and
perform sustainable lunar exploration.

h~ A\ W | 3 h
NASA, along with Maxar Technologies and
Busek Co., successfully completed a test of
the 6-kilowatt (kW) solar electric propulsion
(SEP) subsystem destined for the PPE.

The integrated Gateway spacecraft will be developed and deployed incrementally. The initial Gateway
architecture is focused on two foundational elements: the Power and Propulsion Element (PPE) and the
Habitation and Logistics Outpost (HALO). PPE and HALO are targeted to be integrated and launched
together on a SpaceX Falcon Heavy rocket in 2025.

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

Gateway international partners will provide important contributions to the lunar outpost, including
advanced external robotics, additional habitation, a refueling capability, and possibly other enhancements.
Canada awarded a contract to MacDonald, Dettwiler and Associates Inc. (MDA) to build the Canadarm3
for Artemis deep space missions. Japan announced plans to join the United States on the Gateway with
contributions of habitation components and logistics resupply. The European Space Agency (ESA) signed
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an agreement with NASA to contribute habitation and refueling modules and enhanced lunar
communications to the Gateway.

EXPLANATION OF MAJOR CHANGES IN FY 2023

The xEVA systems will be managed by the newly established Extravehicular Activity (EVA) and Human
Surface Mobility (HSM) program office at Johnson Space Center (JSC).

Deep Space Logistics, which was previously funded under Advance Cislunar and Surface Capabilities,
has moved to the Gateway Program.

ACHIEVEMENTS IN FY 2021

Multiple bilateral Memoranda of Understanding (MOU) provide the formal commitments between the
U.S. Government and partner agencies/governments to fulfill Gateway partnership and contributions, and
three MOUs were finalized in FY 2021.

In October 2020, ESA signed an agreement with NASA to contribute habitation and refueling modules,
enhanced lunar communications to the Gateway, and two more Orion service modules. ESA agreed to
provide the International Habitation module (I-HAB), which will enhance Gateway capabilities for
scientific research, life support systems, and crew living quarters. These capabilities enable longer
duration crewed Gateway missions.

In December 2020, Canada signed an agreement to provide advanced external robotics. The Canadian
Space Agency (CSA) agreed to provide an external robotics system that includes a next-generation
robotic arm, Canadarm3, for Gateway.

In December 2020, Japan finalized an agreement with NASA to provide several capabilities for the
Gateway’s [-HAB. Japan Aerospace Exploration Agency (JAXA) planned contributions include 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.

Throughout FY 2021, Gateway made significant technical progress with several design reviews at the
program and element levels. PPE's contractor, Maxar, held a Part One Preliminary Design Review (PDR),
and HALO completed the element PDR. The International Habitat (I-HAB) team completed a Primary
Structures PDR and began the full -HAB System PDR process. The Gateway Program completed a Delta
System Definition Review (SDR) Sync Review and achieved Agency-level approval at their Key
Decision Point (KDP)-0 to proceed with the formulation phase of the Program.

In FY 2021, Gateway also finalized two key procurement actions. In February 2021, NASA selected
SpaceX to provide launch services for PPE and HALO. Originally, PPE and HALO were planned to be
launched on separate launch vehicles and autonomously dock in orbit around the Moon. PPE and HALO
will now be launched together as an integrated unit, effectively designated as a Co-Manifested Vehicle
(CMV). After integration on Earth, the PPE and HALO are targeted to launch together in 2025 on a
Falcon Heavy rocket from Launch Complex 39A at Kennedy Space Center (KSC).

In July 2021, Phase 5, the final phase of the HALO contract with Northrop Grumman to cover module
production and delivery, was signed.
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WORK IN PROGRESS IN FY 2022

Throughout the year, the Gateway Program and constituent elements will continue through formulation
stages at varying levels of maturity. ESA completed their -HAB PDR Board in November 2021, and the
PPE Maxar PDR Part 2 was completed in December 2021. PPE will next hold a Base Completion Review
in early calendar year 2022. The HALO Critical Design Review (CDR) process has also been initiated,
with a CDR closeout planned for mid-2022.

A Gateway Program PDR Sync Review is planned for Q3 of FY 2022 in preparation for KDP-1. An
Agency Baseline Commitment (ABC) and a Program Commitment Agreement (PCA) will be established
at this KDP, which will provide Agency approval to proceed from the formulation to the implementation
(development) phase.

The ESA ESPRIT and CSA Canadaarm3 will also hold their System Requirements Reviews (SRRs) in
FY 2022.

The DSL team and GLS contractor, SpaceX, will continue special studies during FY 2022 in advance of
the first mission Authority to Proceed (ATP).

KEY ACHIEVEMENTS PLANNED FOR FY 2023

In Fiscal Year 2023, the Gateway Program will reach critical design review maturity with a CDR-
informed synchronization review and the Gateway Initial Capability (PPE/HALO) will begin the
Assembly, Integration, and Test (AI&T) phase. Key additional planned achievements include ship and
delivery of the HALO habitable element, manufactured by Thales Alenia Space Italia (TASI), in
November 2022. This will initiate the AI&T phase of HALO development. Bus integration for PPE is
scheduled for completion in July 2023. The PPE-HALO commercial launch vehicle is planning to hold a
mission specific PDR in May 2023.

Program Projects

POWER AND PROPULSION ELEMENT (PPE)

The PPE is a high-power, 50-kilowatt solar electric propulsion spacecraft that will provide power, high-
rate communications, attitude control, orbit maintenance, and orbital transfer capabilities for the Gateway.

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

The PPE is being developed and built by Maxar Technologies of Westminster, Colorado, and is managed
out of NASA’s Glenn Research Center in Ohio. Maxar Technologies was awarded the contract for PPE in
2019. PPE will be launched with HALO as an integrated vehicle on a SpaceX Falcon Heavy commercial
rocket, and PPE will propel the co-manifested vehicle to cislunar space.
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HABITATION AND LoGISTICS OuTPOST (HALO)

HALO is where astronauts will 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 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.

Northrop Grumman was awarded a contract for HALO in June 2020. Northrop Grumman's design for
HALO, developed through NASA’s NextSTEP contract vehicle, is based on its Cygnus spacecraft
currently being used to deliver cargo to the International Space Station. HALO will be launched with PPE
as an integrated vehicle on a SpaceX Falcon Heavy commercial rocket.

DEEP SPACE LoaisTics (DSL)

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 Deep Space habitation. The DSL Project is the element of
the Gateway Program charged with establishing a sustainable Deep Space delivery capability for
exploration.

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. The Logistics spacecraft will
provide consumable 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 the Logistics spacecraft will support
habitation of the Gateway as well as provide provisions for the lunar landers during the sustained lunar
exploration phase.

Logistics flights are necessary to supply Gateway with critical cargo deliveries and maximize the length
of crew stays on Gateway. The GLS contract and technical capability are extensible to deliver unique
payload configurations and supply cargo deliveries to the lunar surface as well as other Deep Space
destinations. As an example, the Canadian robotic arm will be supplied to Gateway via a logistics flight in
2027.

In March 2020, NASA awarded SpaceX as the first U.S. commercial provider under the Gateway
Logistics Services contract to deliver cargo and other supplies to the lunar outpost. ATP has not yet been
provided for the first mission.
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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
plans to 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. ESA is under contract with Thales Alenia Space for the -HAB
module, and delivery of I-Hab to the Gateway will be via the SLS Block 1B launch vehicle with Orion
providing orbital insertion and docking.

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

The ESPRIT, or European System Providing Refueling, Infrastructure, and Telecommunications, provides
additional capabilities that are realized in two components. The first, the HALO Lunar Communications
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 provide additional fuel capacity to resupply PPE and crew observation
windows. ESA is under contract with Thales Alenia Space for the ESPRIT module. NASA plans to
deliver the ESPRIT Refueling Module to the Gateway via the SLS Block 1B launch vehicle with Orion
providing orbital insertion and docking.

GATEWAY EXTERNAL RoOBOTICS SYSTEMS (GERS)

NASA and CSA reached an agreement for CSA to 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.

MDA was selected by CSA for both the Canadarm3 and external robotic interfaces.

Delivery of Canadarm3 to Gateway is targeted in 2027 via a Gateway Logistics Services mission.

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 will be an integral part of the science airlock operations moving the hardware into and out of
the science airlock and deploying/retrieving around Gateway.

NASA will continue to discuss Airlock options with the International Partner community.
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Program Schedule

The Gateway Program and constituent elements are in the formulation phase. Additional milestones will
be identified after Gateway KDP-I.

Date Significant Event

Q3 FY 2022 Gateway PDR-informed Sync Review

Q4 FY 2022 Gateway KDP-I

Program Management & Commitments

In 2019, the Human Exploration and Operations Mission Directorate (now Exploration Systems
Development and Space Operations Mission Directorates [ESDMD/SOMD]) Associate Administrator
(AA) assigned authority for the Gateway Program to JSC. The Program Manager reports to the Deputy
Associate Administrator (DAA) for the Artemis Campaign Division (ACD) in coordination with the
ESDMD AA. The Gateway program will make an ABC for the initial capability spacecraft following the
PDR-informed Sync Review and KDP-I. DSL will make a separate ABC at KDP-C.

Program Element Provider

Provider: Maxar Technologies
PPE Lead Center: GRC
Performing Center(s): GRC and JSC

Provider: Northrop Grumman
HALO Lead Center: JSC
Performing Center(s): JSC

Provider: SpaceX
DSL Lead Center: KSC
Performing Center(s): KSC

Acquisition Strateqy

Gateway's integrated acquisition strategy includes procurements and international partner contributions.
NASA conducted an Acquisition Strategy Meeting (ASM) in August 2018 to determine center
roles/responsibilities assignments (depicted in the previous table) and the acquisition strategy for each
Gateway element. Domestic Gateway elements are procured using fixed-price, milestone-based contracts
to the greatest extent possible. All major contracts have been awarded. The sections below identify the
major domestic contracts.

PPE was awarded on May 23, 2019 to Maxar Technologies.

Orbital Sciences Corporation, a wholly owned subsidiary of Northrop Grumman Space (NGS), referred to
as Northrop Grumman here, was selected as one of the habitation partners under the Next Space
Technologies for Exploration Partnerships (NextSTEP) contract vehicle on September 3, 2015. The
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contract scope was authorized over five phases initially beginning with defining the architecture and
concepts. The latest (Phase 5) was for final HALO production and delivery was signed on July 8, 2021.

The first Gateway Logistics Services (GLS) contract was awarded in March 2020 to SpaceX.

NASA selected SpaceX to provide a Falcon Heavy launch vehicle for the co-manifested PPE/HALO
launch through a competitive Launch Service Task Order evaluation under the NASA Launch Services II

contract.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)
PPE (May 2019) Maxar Technologies Westminster, CO
HALO (Jun 2020) Northrop Grumman Dulles, VA
Gateway Logistics Services (Mar 2020) SpaceX Hawthorne, CA
CMYV Launch Vehicle Provider (Feb 2021) SpaceX Hawthorne, CA
INDEPENDENT REVIEWS
q Date of Next
Review Type Performer Review Purpose Outcome Review
Equivalent to a System
Requirements Review (SRR), the Gatewa
Gateway FSR evaluated the program’s Program SDR- y
Formulation Independent functional and performance clearedto | .

N ; Feb 2019 . . informed
Synchronization | Review Team requirements, ensuring proper proceed to Syne
Review (FSR) formulation and correlation with next phase yne

. . Review

Agency and mission directorate

strategic objectives.

To evaluate the credibility and

responsiveness of the proposed

program requirements /

architecture to the mission

. . Approval
Jun 2020 | directorate requirements and Gateway
Gateway . . . . . to proceed
Standing constraints, including available . PDR-
Program SDR- . . in .
. Review Board resources, and allocation of .| informed
informed Sync Delta - . . Formulati
Review (SRB) requirements to projects. To on at Sync
Mar 2021 | determine whether the maturity of Review
. KDP-0

the program’s mission/system

definition and associated plans are

sufficient to begin preliminary

design.
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To evaluate the
completeness/consistency of the
program’s preliminary design,
including its projects, in meeting

Gateway . . . Gateway
Program PDR- all requlrements with .approprlate TBD at CDR.
Informed Sync SRB May 2022 | margins, acceptable risk, and KDP-I informed
Review within cost and schedule
constraints, and to determine the Syng
Review

program’s readiness to proceed
with the detailed design phase of
the program.
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FY 2023 Budget

Op Plan Request. Request
FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027

555.6

Budget Authority (in $ millions)
Total Budget 45.0 82.0 59.6 57.8 62.9

Change from FY 2022 Budget Request -22.4
Percent change from FY 2022 Budget Request -27.3%

425.2

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The Advanced Cislunar and Surface Capabilities
(ACSC) program manages and integrates the
systems that NASA will use throughout the
Artemis Campaign to access and explore the
surface of the Moon.

ACSC funds the team that leads the integration of
the human space flight elements of the Artemis
missions starting with Artemis III. This
integration team comprises the system
engineering, safety, operations, and programmatic
organizations that ensure the human spaceflight

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

lunar mission are implemented successfully with
contributions from the programs across the
Exploration Systems Development Mission

Directorate (ESDMD).

Future Systems Formulation (FSF) formulates the systems that NASA will use to sustainably explore the
surface of the Moon. These systems, including cargo landing and habitation, will provide capabilities to
support future Artemis missions and act as analogs for future Mars missions. FSF will utilize initial
studies and pre-formulation activities to initialize element system requirements. As these technologies and
systems mature, they will be the building blocks for the capability to extend stays on the Moon.

In the near term, FSF is conducting 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. These surface
systems include a human class cargo lunar lander and a future surface habitat.

FSF will work with the Moon & Mars Architecture (M&MA) team to oversee the Agency’s habitation
strategy and assist the central management authority for Next Space Technologies for Exploration
Partnerships (NextSTEP) Broad Area Announcement (BAA), a public-private partnership model seeking
commercial development of deep space exploration capabilities to support human spaceflight missions.

In this capacity, FSF and M&MA are the primary interfaces between the external NextSTEP partners and
internal stakeholders, including Space Technology Mission Directorate, ISS, Orion, SLS, the Human
Research Program, and the Space Communications and Navigation program. Through NextSTEP
contracts, NASA and industry identify commercial capability development for low-Earth orbit (LEO) that

DEXP-69



Deep Space Exploration Systems: Artemis Campaign Development

ADV CISLUNAR AND SURFACE CAPABILITIES

intersects with the Agency’s long-duration, deep space habitation requirements, along with any potential
options to leverage commercial LEO advancements and promote commercial activity in LEO. The
multiple phases of NextSTEP are informing NASA’s conceptual future deep space, long-duration
habitation capability.

EXPLANATION OF MAJOR CHANGES IN FY 2023

ACSC will fund the Artemis Campaign Division integration team, previously funded under Exploration
Capabilities (EC) program and the newly formed Future Systems Formulation efforts.

System Engineering and Integration activities, including Technical Integration and M&MA, that
previously fell under ASCS are now realigned under the newly created Human Exploration Requirements
& Architecture Theme.

ACSC will no longer fund Deep Space Logistics which has moved to the Gateway Program.

The Lunar Terrain Vehicle, the surface pressurized rover, and Extravehicular Activities (EVA) will move
to the EVA and Mobility program office currently being established at Johnson Space Center (JSC).

ACHIEVEMENTS IN FY 2021

ACSC continued to support the Solar Systems Trek software application, which combines images and
other science data to simulate exploration of the solar system, including the Moon, Mars, and small-
bodies (e.g., asteroids). This application can be used to inform future missions including the return to the
lunar surface through the Human Lander System.

The M&MA activity initiated studies to provide context for how near-term lunar activities can be "Mars
forward." M&MA identified potential lunar surface systems, operations, and technology which, through
the NextSTEP BAA, will help NASA and industry identify commercial capability development for LEO
that intersects with the Agency’s long-duration, deep space habitation requirements, along with any
potential options to leverage commercial LEO advancements and promote commercial activity in LEO.
The multiple phases of NextSTEP are informing NASA’s conceptual future deep space, long-duration
habitation capability. M&MA will be funded by Human Exploration Requirements & Architecture
(HERA) in FY 2023.

WORK IN PROGRESS IN FY 2022

Through a partnership with the Korea Aerospace Research Institute (KARI), ACSC will deliver the
ShadowCam flight instrument for launch on the Korea Pathfinder Lunar Orbiter (KPLO) in 2022. NASA
will provide Deep Space Network lunar navigation and trajectory assistance in return for accommodating
ShadowCam, an instrument developed by Arizona State University in collaboration with NASA, which
will image the shadowed regions at the Moon's poles to detect the presence of ice and potentially help to
identify future sites for human lunar landings and surface operations.

The M&MA team will conduct risk-reduction activities to identify risks, capability gaps, and
requirements to ensure mission success for ACD. This activity will transfer to the Human Exploration
Requirements & Architecture Theme in FY 2023.
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KEY ACHIEVEMENTS PLANNED FOR FY 2023

ACSC will advance technologies to prevent the accumulation of lunar dust on surface systems and protect
the crew from the hazardous effects of dust upon the return of humans to the lunar surface and subsequent
long duration missions.

Future Systems Formulation will continue conducting risk-reduction activities to further develop key
elements of the Artemis plan for the lunar surface. FSF will execute the strategic direction from ESDMD
regarding commercial and international collaborations to begin development of systems based on the
surface pressurized rovers, surface habitats, and transit concepts.

The integration team under ACSC will continue to manage the integration and required synergies across
the Artemis Campaign Division, working closely with the HLS, Gateway, EVA and Human Mobility, and
Future Systems Formulation to ensure that the Artemis Missions are successfully executed while driving
human exploration of the Moon toward sustainability.

Program Elements

ACD PROGRAM INTEGRATION

Artemis Campaign Development (ACD) division is responsible and accountable for the Programmatic
integration of the Gateway, Human Lander Systems, ACSC and Exploration Capabilities Programs. ACD
leverages the ESDMD Resource Management Office (RMO) and is infused with embeds from other
NASA Headquarters (HQ) offices, as well as cross-directorate teams with Common Exploration Systems
Development (CESD).

ACD manages the definition, certification, and operation of the systems that establish a sustained human
presence in cislunar space as well as architecture and technical baseline. ACD also maintains content in
the products that define the baseline at the ESDMD level. ACD supports configuration and data
management for AES activities, directs cross-program integration activities that involve ACD objectives,
and manages the various technical risks that affect sustaining operations.

ACD works closely with the Space Operations Mission Directorate and ESDMD program Systems
Engineering and Integration organizations to ensure that technical efforts are effective and integrated.

FUTURE SYSTEMS FORMULATION

The future systems group conducts activities that will lead directly to the development of capabilities
based on the surface habitat and lunar cargo lander concepts, as well as other systems required for NASA
to continue to advance human exploration.

Program Schedule

Currently all systems are in pre-formulation and schedules have not been defined.
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Program Management & Commitments

ESDMD manages the ACSC activities.

Program Element

Provider

ACD Integration

Provider: NASA Centers
Lead Center: NASA Headquarters (HQ)

Performing Center(s): Marshall Space Flight Center (MSFC), Langley Research Center
(LaRC), Glenn Research Center (GRC), Goddard Space Flight Center (GSFC), Johnson
Space Center (JSC), Jet Propulsion Laboratory (JPL), Kennedy Space Center (KSC),
Ames Research Center (ARC), Armstrong Flight Research Center (AFRC)

Cost Share Partner(s): N/A

Future Systems

Provider: TBD

Lead Center: HQ

Performing Center(s): MSFC, JSC, JPL, KSC, ARC
Cost Share Partner(s): TBD

Acquisition Strateqy

No acquisition planned for this program.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

None.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 9283 11,1950 1,485.6 1,863.8 2,246.1 2,168.2 2,5379
Change from FY 2022 Budget Request 290.6
Percent change from FY 2022 Budget Request 24.3%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

- The Human Landing System (HLS) program is an integral
part of achieving NASA's Artemis goals through landing
United States astronauts, including the first woman and first
person of color, on the Moon as part of a sustained
exploration program.

/7

2z

N

Utilizing partnerships and competition to ensure
affordability, the program will leverage commercial
capabilities to the maximum extent possible for the
development of an integrated landing system. Through the
award of the initial landing demonstration to SpaceX, as
well as the Appendix N awards for Sustainable HLS Studies
and Risk Reduction, NASA is working with multiple
industry partners to support development of integrated
landing systems that can transport crew to and from the
lunar surface and maintain competition in the HLS program.
The lunar landing demonstration will consist of two crew
members who will travel to lunar orbit in the Orion

Ay

During the HLS Appendix H Base Period, spacecraft and board the HLS for the final leg of their

NASA worked with each contractor on a journey to the surface of the Moon. After approximately a
variety of task agreements to further week exploring the surface, the crew will board the HLS for
requirements and inform architecture for the | their trip back to lunar orbit, where they will return to Orion
Option A HLS including ingress/egress before heading back to Earth.

testing for the Lunar Surface (shown here).

NASA teams will work closely with United States industry
to provide insight and expertise to ensure it meets NASA's performance requirements and human
spaceflight standards. These agreed-upon standards, which range from the technical areas of engineering,
safety, health, and medical, are a key tenet of safe systems.

In addition, NASA intends to contract for sustainable transportation services to and from the lunar surface
for long-term exploration of the Moon, staged from the Gateway. The Agency has announced plans
regarding NASA's need for Sustaining Lunar Transport to achieve service missions for the late 2020s and
is reaching out to all potential industry providers for input. NASA intends to support the development and
use of multiple landing systems to maintain competition in the HLS program.
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EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

NASA selected three United States companies to design and develop HLS for the Agency’s Artemis
Campaign. The human landing system awards under the Next Space Technologies for Exploration
Partnerships (NextSTEP-2) Appendix H Broad Agency Announcement (BAA) were firm-fixed price,
milestone-based contracts. The total combined value awarded for the contracts was $856 million for the
base period.

The following companies were selected to design human landing systems during the base period which
ended in spring 2021:

Blue Origin of Kent, Washington, is developing the Integrated Lander Vehicle (ILV) — a three-stage
lander to be launched on its own New Glenn Rocket System and the United Launch Alliance's (ULA)
Vulcan launch system.

Dynetics (a Leidos company) of Huntsville, Alabama, is developing the Dynetics Human Landing System
(DHLS) — a single structure providing the ascent and descent capabilities that will launch on the ULA
Vulcan launch system.

SpaceX of Hawthorne, California, is developing the Starship — a fully integrated lander that will use the
SpaceX Super Heavy rocket.

These companies offered three distinct lander and mission designs, offering dissimilar redundancy,
driving a broad range of technology development, and, ultimately, more sustainability for lunar surface
access.

On April 16,2021, NASA announced the selection of SpaceX to deliver the next American astronauts
from lunar orbit to the surface of the Moon aboard the company's Starship Human Landing System. After
the selection of SpaceX to move on as the provider of the initial phase of HLS, protests were filed with
the U.S. Government Accountability Office (GAO) concerning the HLS selection. The protest was
resolved, allowing SpaceX to proceed as the HLS selection for NASA. However, the protests and a
subsequent lawsuit filed against NASA in the U.S. Court of Federal Claims, all of which upheld NASA's
HLS procurement actions, did result in a multi-month delay to the HLS program and the Artemis
Campaign.

NASA announced plans for and awarded five Appendix N firm fixed-price milestone-based contracts for
the NextSTEP-2 BAA Appendix N, which will fund continued development of other landing systems in
the runup to the competition for the lunar crewed transportation services procurement. The work, focusing
on refining requirements, concepts, and technical specifications, will be conducted over the next 12
months with the awardees: Blue Origin, Dynetics, Lockheed Martin, Northrup Grumman, and SpaceX.

WORK IN PROGRESS IN FY 2022

With the resolution of the GAO and legal processes, NASA worked with SpaceX to update and release a
revised schedule for the milestones leading up to the HLS Artemis missions.
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NASA is currently engaged in numerous product development and review activities to support the
Sustaining Lunar Development Request For Proposal (RFP) in FY 2022 to U.S. industry for sustaining
lunar landing development and demonstrations. This is being informed by industry responses to a NASA
Request for Information (RFI) and through the work on Appendix N. NASA is working to have a draft
RFP available for review in Spring of 2022, with a formal RFP to follow.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

HLS, with industry, will continue to design and develop lander systems for the initial return of American
astronauts to the lunar surface.

The Sustaining Lunar Development RFP will be followed by a review and proposal evaluation period
leading to proposal selection and award currently targeted for January 2023.

Program Elements

HLS PROGRAM MANAGEMENT

Human Landing System Program Management is responsible for executing programmatic roles assigned
to Marshall Space Flight Center (MSFC) by the Exploration Systems Development Mission Directorate
(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 it can support sustainable future
exploration missions. HLS will include a lander ground operations office at Kennedy Space Center
(KSC), and both a crew compartment office and a lander flight operations office at Johnson Space Center
(JSC). HLS will also prioritize and coordinate collaboration resources across multiple NASA centers and
manage major integrated system test activities, as applicable.

HUMAN LANDING SYSTEMS

HLS will support development of the landing system that will carry astronauts to and from the lunar
surface. The SpaceX design will complete an uncrewed landing demonstration followed by a crewed
landing demonstration that includes astronaut exploration of the surface.

HLS continues working with multiple American companies to bolster competition and commercial
readiness for the procurement of sustainable transportation services to and from the lunar surface for the
long-term exploration of the Moon staged at the Gateway.

SUSTAINABLE STUDIES AND RISK REDUCTION

Contracts established under NextSTEP-2 Appendix N BAA (Sustainable Human Landing System Studies
and Risk Reduction) provide for engagement with potential commercial partners for architecture concept
development and risk reduction activities.
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Program Schedule

Date Significant Event

Mar 2020 Selected and awarded multiple industry partners for base contract period

Apr 2021 Selected SpaceX for initial HLS demonstration mission

2024 Uncrewed HLS demonstration

NET 2025 Crewed HLS demonstration

NET 2027 First mission utilizing sustainable transportation services to and from the
lunar surface

Program Management & Commitments

Program Element Provider

Lead Center: MSFC

Performing Center(s): Ames Research Center (ARC), Glenn Research Center
HLS Program Management (GRC), Langley Research Center (LaRC), Goddard Space Flight Center
(GSFC), Stennis Space Center (SSC), JSC, KSC

Cost Share Partner(s): TBD

Provider: TBD

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

Integrated Lander

Acquisition Strateqy

The HLS program utilizes the NextSTEP BAA contract vehicle. Through this approach, NASA awards
firm-fixed-price, milestone-based proposals to enable rapid development of a crewed flight demonstration
of the HLS. NASA has structured the solicitation to award contracts with the following contract line item
numbers (CLINSs):

e Base CLIN - contract award through 10 months - only long-lead items supporting the first mission
and various design activities are allowed during this base period.
e Option A CLIN - flight and landing demonstrations of human landing systems.

The HLS program is currently evaluating acquisition vehicles for sustainable transportation services to
and from the lunar surface for long-term exploration of the Moon, staged from the Gateway. The Agency
has announced the intent to support Sustaining Lunar Development leading to Sustaining Lunar Transport
services.
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MAJOR CONTRACTS/AWARDS

Next Space Technologies for Exploration Partnerships (NextSTEP-2) Appendix H Broad Agency
Announcement (BAA) Option A: Selected SpaceX of Hawthorne, California. SpaceX is developing the
Starship — a fully integrated lander that will use the SpaceX Super Heavy rocket.

NASA has selected five U.S. companies to help the Agency enable a steady pace of crewed trips to the
lunar surface under the Agency’s Artemis Campaign. These companies will make advancements toward
sustainable human landing system concepts, conduct risk-reduction activities, and provide feedback on
NASA’s requirements to cultivate industry capabilities for crewed lunar landing missions.

The awards under the Next Space Technologies for Exploration Partnerships (NextSTEP-2) Appendix N
broad Agency announcement are firm fixed-price, milestone-based contracts.

INDEPENDENT REVIEWS

] Date of Next
Review Type | Performer Review Purpose Outcome Review

To evaluate the
completeness/
consistency of the
planning, technical, cost,
and schedule baselines

developed during
Human Landing Standing Review formulation; assess
Systems £ Spring 2022 | compliance of the TBD KDP-C
Board (SRB) S . .
Program preliminary design with

applicable requirements;
and determine if the
project is sufficiently
mature for HLS Program
Key Decision Point
(KDP)-C

Historical Performance

The human landing system awards under the Next Space Technologies for Exploration Partnerships
(NextSTEP-2) Appendix H Broad Agency Announcement (BAA) advanced the HLS designs to maturity.
The Appendix H: Base Period was completed on schedule in April 2021 and incurred no additional costs
outside of the firm fixed priced contractual agreements.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 197.3 100.0 275.9 297.7 494.9 598.8 599.1
Change from FY 2022 Budget Request 175.9
Percent change from FY 2022 Budget Request 175.9%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as

adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022

column reflects the FY 2022 President's Budget Request.

Shown here, the XEVA team conducts the Lunar Surface
Gravity and Lighting Conditions concept evaluation at the
Neutral Buoyancy Laboratory at Johnson Space Center
JSC).

The Exploration Extravehicular Activity (XEVA)
and Human Surface Mobility (HSM) program
develops and manages the systems that NASA
will use to explore the surface of the Moon.
These surface systems, including surface suit
and mobility systems, will provide capabilities
and result in lessons learned for expertise that
will support future Mars missions. The xEVA
and Human Surface Mobility program will
execute acquisition plans for future surface
systems and elements required for lunar
sustainability. As these lunar-related
technologies and systems mature, they will be
the building blocks for the capability to enable
more productive stays on the Moon.

The Lunar Terrain Vehicle (LTV) is an
unpressurized surface transportation system

concept that would significantly extend the range of crew excursions and enable more scientific research,
resource prospecting, and exploration activities to be conducted. The LTV could also be teleoperated to

perform scientific activities during the non-crewed lunar
desirable locations.

periods and transport small deployable assets to

Artemis astronauts exploring the lunar South Pole will wear new spacesuits that stand up to the Moon’s
harsh environment and keep them safe. NASA is embracing commercial collaborations to optimize
spacesuit technology and inspire pioneering in the space market. The Exploration Extravehicular Activity
(XxEVA) 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 (VISE), system servicing equipment, and specialized tools for these moonwalks. 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
range of physiological characteristics.

worn by male and female astronauts with a wider

Long duration mobility is a key enabler of more productive lunar exploration. The surface pressurized
rover (SPR) is a pressurized surface transportation system concept that would be used on the Moon to
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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.

EXPLANATION OF MAJOR CHANGES IN FY 2023

The Exploration Extravehicular Activity (XEVA) and Human Surface Mobility (HSM) program office has
been established at Johnson Space Center (JSC). Funding for the XEVA project will remain as requested
in the FY 2022 President’s Budget through the end of that fiscal year, with funding under the Space
Operations account under the ISS Program, and the Exploration account under the Advanced Cislunar and
Space Capabilities program. In FY 2023 and beyond, XEVA funding will be consolidated under this
program.

ACHIEVEMENTS IN FY 2021

The XEVA Project released a request for proposals (RFP) for the Exploration EVA Services Contract to
procure an “EVA as a Service” solution to provide NASA EVA capability for the International Space
Station (ISS), Artemis and advanced program missions. Proposals were received in December 2021.
Additionally, the XEVA Project completed the assembly of the two primary XEMU subsystems, the
portable life support subsystem (PLSS) and pressure garment subsystem (PGS), and initiated subsystem-
level design verification on both subsystems. XEVA also completed the first three of six series of
simulated on-orbit EVAs for the Suit Water Membrane Evaporation Flight Experiment (SERFE) and
entered the planned on-orbit dwell with the hardware operating nominally.

In August 2021, the LTV activity engaged industry through a request for information. Through the request
for information, NASA gained input on challenges associated with the LTV’s lifetime, including
surviving the long, cold lunar night, and options to transport the vehicle to the lunar surface. Responses to
the RFI were received in early 2022. Additionally, LTV began early physical evaluation of crew relevant
task to evaluate potential design solution for common crew tasks, seating, crew restraint, and control
interfaces.

WORK IN PROGRESS IN FY 2022

In FY 2022, xEVA Project will award the Exploration EVA Services (XEVAS) contract to provide
spacesuit and spacewalking services to support both ISS and Artemis missions and will complete design
verification testing (DVT) of the integrated xEMU design verification test unit. Additionally, the xEVA
Project will complete on-orbit testing of the SERFE, following a planned six-month dwell period to
simulate planned quiescent periods between use. The results from DVT and the SERFE evaluations will
be compiled along with all other Government design and test data to support a NASA-led technical
review of the Government reference design with the selected xEVAS provider(s).

Extravehicular Activity (EVA) and Mobility will conduct risk-reduction activities and evaluate potential
commercial and international collaborations to take the next step in developing the systems and
technologies identified in the M&MA activity. Through surface systems, NASA will seek to identify
specific system architecture and begin formulation activities on key elements of NASA's Artemis plan.
The Lunar Terrain Vehicle, the surface pressurized rover, and EVA will move to the EVA and Mobility
program office in FY 2023.
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NASA will support Japanese Aerospace Exploration Agency (JAXA)-NASA feasibility studies to further
refine and coordinate on requirements development, concept of operations development, and review of the
JAXA concept for [what]. Activities to support crafting an official agreement will also be supported by
the SPR team. The other primary focus will be on risk reduction activities to further refine the suitport
concept, which is an augmentation to a traditional airlock, and develop the standard interface and
documentation.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

The LTV activity will conduct risk-reduction activities and evaluate potential collaborations to take the
next step in developing the systems and technologies required. LTV will award a contract(s) to
commercial providers based on a Government purchase option in which the vendor delivers the LTV to
the lunar surface in the late 2020s and NASA takes ownership after lunar deployment, system checkout,
and initial remote operations on the lunar surface.

SPR will finalize requirements and procurements to begin development of the system that will be
delivered to the lunar surface in the late 2020s.

Program Elements

XEVA

The Goal of EVA 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 support of both the International Space
Station and Artemis.

HUMAN SURFACE MOBILITY

The Human Mobility project will provide the means for astronauts to explore the surface of the Moon in
wide ranges beyond any previous capability. The Lunar Terrain Vehicle (unpressurized) and the surface
pressurized rover will achieve this goal. Specifically, the habitable volume built into the surface
pressurized rover will allow for long range reconnaissance missions.

Program Schedule

The specific schedule is still in the formulation phase and needs to be informed primarily by commercial
responses to planned industry engagements. During FY 2022, NASA will make significant progress on
establishing milestones, program implementation assignments, and acquisition strategy beyond the initial
engagements.
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Program Management & Commitments
ESDMD manages the XEVA and Human Surface Mobility Systems activities.

Program Element Provider

Provider: TBD
Lead Center: JSC

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

LTV

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

Provider: TBD

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

Surface Pressurized Rover

Acquisition Strateqy

Acquisition plans for all functions/elements of XEVA and Human Surface Mobility will be varied and
depend upon specific activities as this effort is comprised of risk-reduction activities, studies, and pre-
formulation work.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

The program will undergo quarterly Directorate Program Management Council reviews, 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 performance during Agency-level Baseline Performance
Reviews (BPR). In addition, xEVA and Human Surface Mobility provides briefing reports to, and seeks
feedback on planning and development activities from the NASA Advisory Council Human Exploration
and Operation Committee and the Technology Committee.

Historical Performance

None.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY 2026 FY 2027
Moon & Mars Architecture 9.5 9.5 48.3 48.9 49.5 50.0 50.5
Total Budget 9.5 9.5 48.3 48.9 49.5 50.0 50.5
Change from FY 2022 Budget Request 38.8
Percent change from FY 2022 Budget Request 408.4%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

Shown here is an artist's rendition
of the United States' return to the
lunar surface utilizing systems
that will act as precursors to an
eventual mission to Mars.

The overarching goal of Human Exploration Requirements &
Architecture (HERA) theme is to support the development of human
exploration campaigns to the Moon and beyond by 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 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, which seeks to extend human presence to the Moon and onto Mars
for sustainable long-term exploration, development, and utilization.

HERA maintains the Systems Engineering and Integration (SE&I)
expertise required to support the top-level technical integration across
Exploration Systems Development Mission Directorate (ESDMD),
Space Operations Mission Directorate (SOMD), Science Mission
Directorate (SMD), and Space Technology Mission Directorate
(STMD) to include the Artemis missions and future exploration
planning.

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

EXPLANATION OF MAJOR CHANGES IN FY 2023
HERA is a new theme developed in FY 2023. The Exploration Research and Development theme has

been retired.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY 2026 FY 2027
Total Budget 9.5 9.5 48.3 48.9 49.5 50.0 50.5
Change from FY 2022 Budget Request 38.8
Percent change from FY 2022 Budget Request 408.4%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The Moon & Mars Architecture (M&MA) Program is
responsible for the integration of strategy and
architecture across the Exploration Systems
Development Mission Directorate (ESDMD) and the
Space Operations Mission Directorate portfolios
(SOMD).

In the near term, M&MA is conducting trade studies to
reduce risk and identify required technologies to be
utilized as part of the Artemis Development Campaign
(ACD) and act as precursor systems for potential future
Mars Campaign Development (MCD) missions.

The Moon and Mars Architecture program will
collaborate with activities across NASA to
integrate strategy and architecture for the future
of human exploration. M&MA oversees the Agency’s strategy in terms of
three key components of human space exploration,
habitats, mobility, and landing. The habitat group serves as the central management authority for the Next
Space Technologies for Exploration Partnership (NextSTEP) contract mechanism, a public-private
partnership model seeking commercial development of deep space exploration capabilities to support
human spaceflight missions. In this capacity, M&MA has served as the primary interface between the
external NextSTEP partners and internal stakeholders, including the Space Technology Mission
Directorate, International Space Station, Orion, Space Launch System, the Human Research Program, and
the Space Communications and Navigation program. Through the NextSTEP effort, NASA and industry
identify commercial capability development for low-Earth orbit (LEO) that intersects with the Agency’s
long-duration, deep space habitation requirements, along with any potential options to leverage
commercial LEO advancements and promote commercial activity in LEO. The multiple phases of
NextSTEP are informing NASA’s notional future deep space, long-duration habitation capability.

M&MA also maintains the technical integration required to support ESMD and SOMD to include the
Artemis missions and future exploration planning. Technical integration includes the following activities:

e (Capability Integration for planning and gap analyses of capabilities required for future exploration
missions;

e Science and Technology Utilization for coordination and planning for future exploration missions;
and

DEXP-83



Deep Space Exploration Systems: Human Exp Requirements & Architecture

MOON & MARS ARCHITECTURE

e Technical Integration across ESDMD and SOMD programs to support requirements development and
configuration control of ESDMD and SOMD level Systems Engineering and Integration
documentation.

EXPLANATION OF MAJOR CHANGES IN FY 2023

M&MA is a new Program that will be formally established in FY 2023. ESDMD and SOMD-wide
Technical Integration and Architecture Strategy activities focus on the larger Artemis mission plan,
emphasizing capability integration strategies and science/technology utilization across the mission
directorate. These activities have been transferred from the Advanced Cislunar and Surface Capabilities
Program.

ACHIEVEMENTS IN FY 2021

None. Moon and Mars Architecture is a new Program in FY 2023.

WORK IN PROGRESS IN FY 2022
None. Moon and Mars Architecture is a new Program in FY 2023.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

M&MA will conduct risk-reduction activities to identify risks, capability gaps, and requirements to
ensure mission success for ACD and MCD.

Program Elements

TECHNICAL INTEGRATION

The Deputy Associate Administrator for Technical Integration and supporting staff are responsible for
ensuring the overall ESDMD and SOMD strategies are reflected in program requirements. The office also
leads architecture, formulation activities for future exploration mission planning, and provides technical
direction for ESDMD and SOMD activities (Moon, Mars, and low-Earth orbit).

ARCHITECTURE STRATEGY

Architecture Strategy activities are focused on developing the future exploration architecture to take
humans from the initial Artemis lunar landing to a Mars landing. This architecture will identify needed
capabilities and technologies, as well as define operational concepts that will guide the development of
flight systems.

Concepts for crewed lunar surface systems such as habitats, rovers, and a robotic precursor to support
human exploration will be defined through these studies before being further pursued under Surface
Systems.
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Program Schedule

None.

Program Management & Commitments
ESMD and SOMD manage the M&MA activities.

Acquisition Strateqy

None.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

None.

Historical Performance

None.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY 2026 FY 2027
Total Budget 176.2 195.0 161.3 161.6 162.7 162.7 162.8
Change from FY 2022 Budget Request -33.7
Percent change from FY 2022 Budget Request -17.3%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

FY 2021 and FY 2022 amounts reflect funding previously budgeted for Advanced Exploration Systems under the
retired Exploration Research & Development theme.

The overarching goal of the Mars Campaign
Development (MCD) is to start working on
long-lead technology challenges that will need
to be solved in order for an eventual crewed
mission to Mars to succeed. MCD will address
these challenges through a combination of
unique in-house activities, industry
collaborations, and international partnerships.

MCD is developing and testing prototype
technologies, as well as contributing to the
planning and development of flight missions to

Perseverance rover, shown here, landed on Mars in ‘
February 2021, carrying three MCD-developed lunar orbit and the Moon to develop systems and

instruments. MOXIE demonstrated the first production of operations capabi]ities that enable an eventual

oxygen from the atmosphere of Mars in April 2021. mission to Mars. These program Obj ectives

support the National Space Policy of 2020, the Space Priorities Framework of 2021, 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 and utilization.

The Exploration Capabilities program develops habitation systems technologies to enable long-duration
missions on the lunar surface and in deep space. The performance and reliability of prototype systems are
demonstrated in ISS flight experiments and integrated ground tests. The Exploration Capabilities program
also coordinates with the Space Technology Mission Directorate to fill high priority technology gaps that
are identified by the ECLSS System Capabilities and Leadership Team (SCLT) and ESDMD’s Systems
Engineering and Integration (SE&I) team.

Exploration Capabilities will infuse new technologies into the formulation of future flight programs such
as surface habitats and the vehicles that will eventually transport astronauts to Mars.
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MCD will begin conducting preliminary concept studies for future systems, namely an eventual transit
habitat, that will be needed to provide living quarters and other basic life support functions for an eventual
human mission to Mars.

EXPLANATION OF MAJOR CHANGES IN FY 2023

MCD is a new theme developed in FY 2023. Exploration Capabilities will be moved from the retired
Exploration Research and Development theme to the Mars Campaign Development theme.
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FY 2023 Budget

Op Plan Request. Request

Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027

Total Budget 176.2 195.0 161.3 161.6 162.7 162.7 162.8
Change from FY 2022 Budget Request -33.7
Percent change from FY 2022 Budget Request -17.3%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

FY 2021 and FY 2022 amounts reflect funding previously budgeted for Advanced Exploration Systems under the
retired Exploration Research & Development theme.

Exploration Capabilities (EC) develops high-priority
technologies and capabilities, which will be infused
into prototype systems that will form the basis for
future human spaceflight missions. These activities use
a combination of in-house activities and industry
collaborations.

To enable NASA's Artemis missions, EC invests in
development and demonstration of exploration
capabilities to reduce risk, lower life cycle cost, and
validate operational concepts for future human
missions through habitation capabilities, life support
systems, and other technologies. The Agency identifies
and addresses potential risks by performing early
validation and ground/flight testing of new capabilities

Exploration Capabilities will launch 4 cubesat
missions in 2022. NEA Scout, pictured above, will
fly by a near earth asteroid demonstrating solar
sail propulsion, a technology that will be leveraged
in future science exploration missions.

prior to integration into planned operational systems.
This approach minimizes cost growth and improves
affordability of future space exploration. EC focuses
on advancing the technologies that will foster a
sustainable presence on the Moon and enable a lasting
and productive presence utilizing reusable systems.

These technologies will provide access for a diverse community of contributing collaborators and
sustainability for repeatable trips to multiple destinations across the lunar surface.

To test the technologies, capabilities, and systems required for deep space missions, EC is employing a

phased approach by testing on the ground, in low-Earth orbit (LEO), and in cislunar space. The goal is to
make exploration missions more capable, safer, and more affordable.
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EC will continue to coordinate with the Space Technology Mission Directorate on identifying and
addressing knowledge gaps and delivering fundamental capabilities to provide astronauts with a place to
live and work with integrated life support systems, radiation protection, food, fire-safety, avionics and
software, logistics management, and systems to manage waste.

EC provides technologies to enable Artemis missions, including capabilities that enable sustained surface
missions. The technology capabilities and processes pioneered by EC will enable the crews of the new
space age to stay safe and healthy, make scientific discoveries, and sustain new homes away from Earth
for the benefit of all humankind.

EXPLANATION OF MAJOR CHANGES IN FY 2023

Exploration Capabilities will be moved from the retired Exploration Research and Development theme to
the Mars Campaign Development theme.

The Artemis Campaign Development Integration budget will no longer be under EC and will be funded
by Advanced Cislunar and Surface Capabilities (ACSC).

ACHIEVEMENTS IN FY 2021

In support of NASA's goal of extending human space exploration beyond LEO, the division 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.

Major accomplishments include the launch of the Universal Waste Management System (UWMS) to
demonstrate a compact toilet and the Urine Transfer System that will further automate waste management
and storage, saving crew member time. The smaller footprint of the UWMS supports possible expansion
of the number of crew members on the International Space Station (ISS) and planning for future
exploration missions. The team is currently troubleshooting issues with the conductivity sensor that is
used to measure the concentration of urine stabilizing liquids. In April 2021, a second UWMS toilet was
installed in the Artemis II Orion spacecraft. This new design provides increased crew comfort, less
required maintenance time, is 65 percent smaller and 40 percent lighter, and is compatible with multiple
vehicles and water recovery systems.

In February 2021, EC delivered the Brine Processor Assembly (BPA) to ISS on NG-15. BPA operations
have begun, including its first dewatering cycle on the ISS that will demonstrate significant steps toward
increasing overall water recovery to 98 percent, the level desired for Artemis missions.

Two new carbon dioxide scrubbers were delivered to ISS for reliability testing. The Four-Bed CO2
Scrubber and the Thermal Amine Scrubber are being operated simultaneously with 10 crew members
onboard. Both systems will run for at least three years to demonstrate reliability. The scrubber with the
best performance and reliability will be down selected for infusion into flight systems.

Production work continued with all other life support, logistics reduction, environmental monitoring, and
crew health improvements toward ISS flight demonstrations in 2021 and beyond. On September 14-16,
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ECLSS and Crew Health and Performance (CHP) System Capability Leadership Team (SCLT) held its
annual meeting. This group is responsible for monitoring and coordinating technology development of
key habitation systems and capabilities to reduce launch mass and technology risks for human exploration
missions to the Moon and Mars. This year, the teams were asked to align their roadmap activities more
closely to the capability gap study efforts to ensure priority areas are being adequately addressed.

EC also completed development of four small CubeSats in preparation for launch on Artemis I:
BioSentinel, Near Earth Asteroid (NEA) Scout, Lunar IceCube, and Lunar Infrared Imaging (LunIR).
Lunar IceCube and LunIR are NextSTEP partnerships in which costs are shared with industry and
universities. These CubeSats will not only help answer strategic knowledge gaps associated with the
Moon, asteroids, and effects of space radiation on biological systems, but will also develop capabilities
for deep space CubeSats, enabling future missions for academia and industry. BioSentinel will study the
effects of the deep space radiation environment on yeast deoxy-ribonucleic acid (DNA). NEA Scout will
visit a small asteroid using a solar sail for propulsion. Lunar IceCube will search for water on the Moon
with a broadband spectrometer. LunIR will test an advanced infrared sensor during a lunar flyby. The
CubeSats were delivered to Kennedy Space Center (KSC) on July 14, 2021 and have been processed and
installed on the Orion Stage Adapter, which has been fully integrated with the Space Launch System.

EC, in support of Gateway development, continued to advance work on common avionics and software
capabilities that are the foundation for enabling the command, control, communications, and computing
capabilities needed to operate a spacecraft and subsystems in LEO and beyond. In FY 2021, EC
successfully infused technology developed by the Autonomous Systems and Operations project into
Gateway. The Advanced Caution and Warning System (ACAWS), a fault management capability to help
crew operate spacecraft in the presence of faults, was chosen by Gateway to be integrated into its flight
software.

The Habitat group completed contract extensions for Appendix A: Habitation Systems under the
NextSTEP Phase 3 Broad Agency Announcement (BAA). In Phase 3, NASA has asked companies to
focus on habitat design concepts that could be used on the lunar surface or as a Mars transportation
habitat. These activities will be funded under HERA in FY 2023.

A new activity called Project Polaris began with the selection of 10 proposals for small projects
performed by the NASA centers. These projects will fill capability gaps and provide hands-on experience
to early career NASA employees to transfer knowledge to the next generation of scientists, engineers, and
technology project managers.

WORK IN PROGRESS IN FY 2022

EC habitation work will continue to deliver the fundamental capabilities and systems to provide
astronauts a place to live and work in space. In addition to continuing ISS flight demonstrations initiated
prior to FY 2022, EC, in partnership with the ISS, plans to complete flight hardware and demonstrate
prototype systems and sub-systems on the ISS, including the Spacecraft Atmosphere Monitor (SAM) 2,
Exposed Root On-Orbit Test System (XROOTS), and European Enhanced Exploration Exercise Device
(E4D). SAM2 is currently scheduled for delivery in April 2022 and will be used to measure trace
contaminants in the air. XROOTS will be used to investigate hydroponic and aeroponic techniques to
grow plants without soil or other growth media. These findings will help identify potential methods
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available to produce crops on a larger scale for future space missions. EC will complete the E4D critical
design review milestone. The E4D is a multi-purpose exercise device that the crew will use to maintain
their fitness on long missions.

EC will also begin crew selection for the first Crew Health and Performance Exploration Analog
(CHAPEA) simulated mission. CHAPEA is a series of analog missions that will simulate year-long stays
on the surface of Mars to conduct simulated space walks and provide data on a variety of factors,
including physical and behavioral health and performance.

EC will commence work on an integrated ECLS ground test system at Marshall Space Flight Center
(MSFC). This effort will consist of refurbishing, upgrading, and integrating current test systems and the
fabrication of new test systems. Procurements for flight like test hardware are in progress and will be in
place by the end of FY 2022.

Radiation Protection activities include a demonstration of the Hybrid Electronic Radiation Assessor
(HERA) on Artemis II. Radiation tolerant displays are being developed for Orion.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

EC 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 on and around it.
Upgrades to the Urine Processor Assembly (UPA) and Water Processor assembly (WPA) to increase
reliably for exploration ECLSS will be completed and installed on ISS in FY 2023. Work on all other
advanced habitation systems will also continue, with ISS flight demonstrations planned for 2025.

EC will conduct the first mission for the Crew Health and Performance Exploration Analog (CHAPEA)
simulated Mars habitat located at Johnson Space Center (JSC). Four crew members will be confined to
the habitat and surrounding "sandbox" simulating the Mars surface for 387 days, performing simulated
extravehicular activity (EVAs), including virtual reality and a simulated Mars landscape. During the
mission, crew members will be evaluated for performance based on diet and exercise throughout the
mission.

EC will also continue building upon the current commercial engagement contracts to advance commercial
habitation, avionics, flight software, life support, in-space refueling capabilities, and other commercial
space industries.
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Program Elements

HABITATION SYSTEMS

Habitation Systems delivers the fundamental capability to provide integrated life support systems,
environmental monitoring, crew health, radiation 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. EC focuses on developing key habitation systems to enable the crews to live and work safely in
space, with an art.

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.

RoOBOTIC PRECURSORS

In addition to the four CubeSats that will be launched on Artemis I, the Exploration Capabilities Program
is developing small robotic spacecraft and remote sensing instruments to search for lunar resources.

Program Schedule

Date Significant Event

Oct 2021 Begin Operations of 4-bed CO2 Scrubber on ISS

NET May 2022 Launch Artemis I CubeSats: BioSentinel, NEA Scout, LunlR, and Lunar IceCube

Jul 2022 Complete assembly of E4D Vibration Isolation System (VIS) flight unit

Aug 2022 Complet.e ECLSS integrated test plan; initiate procurements and begin test facility
preparations

Aug 2022 CHAPEA Crew Selection

Sept 2022 Fire Safety: Conduct CDR for Commercial Lunar Payload Services (CLPS)
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Program Management & Commitments

Directorate’s Associate Administrator delegated management authority, responsibility, and accountability
to the EC division at NASA Headquarters. EC Division establishes overall direction and scope, budget,
and resource allocation for activities implemented by the NASA centers.

Program Element Provider

Provider: NASA Centers
Lead Center: Headquarters (HQ)

o Performing Center(s): JSC, MSFC, Ames Research Center (ARC), Glenn
Habitation Systems Research Center (GRC), Langley Research Center (LaRC), KSC, and Jet
Propulsion Laboratory (JPL)

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

Provider: NASA Centers
Lead Center: JSC
Performing Center(s): JSC
Cost Share Partner(s): N/A

Crew Health & Performance

Provider: NASA Centers
Lead Center: JSC
Capabilities Maturation Performing Center: JSC
Cost Share Partner(s): N/A

Provider: NASA Centers

Lead Center: HQ

Performing Center(s): MSFC, JPL, ARC
Cost Share Partner(s): N/A

Robotic Precursors

Acquisition Strateqy

Each year, EC evaluates how the portfolio aligns with human exploration priorities and technology gaps
and either terminates or realigns activities that do not demonstrate adequate progress. EC also adds new
activities to the portfolio, as appropriate. EC will continue to utilize this process to identify and evaluate
risk-reduction activities needed in support of Gateway, HLS, and ACSC. EC strives to maximize
specialized skills within the civil service workforce, but it may also utilize a small amount of contractor
effort in areas where NASA can leverage external skills and knowledge in a cost-efficient manner. EC
will also use the Small Business Innovation Research (SBIR) program to engage small businesses for risk
reduction and technology maturation. EC 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: Brine Water Paragon Tucson, AZ:; MSFC
Processor
Habitation Systems: Thermal Amine . .
CO2 Scrubber Collins Aerospace Windsor Locks, CT
Habltatlpn Systems: Oxygen Collins Aerospace Windsor Locks, CT
Generation Assembly
Habitation Systems: Water Processor Collins Acrospace Windsor Locks, CT
Assembly

Boeing, Bigelow Aerospace,
NextSTEP Broad Agency Lockheed Martin, Orbital ATK, | JSC; MSFC; KSC
Announcement Awards .

and Dynetics

INDEPENDENT REVIEWS

EC undergoes quarterly Directorate Program Management Council reviews, 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 EC performance during Agency-level Baseline Performance
Reviews (BPR). In addition, EC provides briefing reports to, and seeks feedback on planning and
development activities from, the NASA Advisory Council, Human Exploration and Operation Committee
and the Technology Committee.
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Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
International Space Station 1,321.6 1,327.6  1,307.5 11,2899 1,302.1 1,3025 1,302.9
Space Transportation 1,871.9 1,770.2  1,759.5 1,798.8 1,848.7 1,889.2 1,914.8
Space and Flight Support (SFS) 890.3 947.2 975.0 1,031.7 1,053.1 1,020.1 948.6
Commercial LEO Development 18.1 102.6 224.3 228.2 2294 302.1 435.0
Exploration Operations 0.0 0.0 TBD 832.9 9723 11,0372  1,070.5
Total Budget 4,101.9 4,147.6. 4,266.3 5,1814 54056 5,551.1 5,671.8

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

Space Operations..........ccoiieceireciirecr e O O3

International Space Station

INTERNATIONAL SPACE STATION PROGRAM.......cuuee e SO-6
ISS Systems Operations and MaintenanCe............ccceeeiiiiiiiiiiee e S0O-9
[SS RESEAICHN......coiiiiii et SO-16
Space Transportation.........iiiiii SO-27
CREW AND CARGO PROGRAM .....coitiiiiiiiiiiieeeieeeeeeeeeeeeeeeeeeeeeeeeeeaeasaessnensnnnesnnnnnes S0O-29
COMMERCIAL CREW PROGRAM .....coiiiiiiiiiiiiiieeeeeeeeeeeeeeeesesnseeneeeeees SO-36
Space and Flight Support (SFS)
SPACE COMMUNICATIONS AND NAVIGATION ...cooiiiiiiiiiiiiiiiieieieeeieeeieeiieies S0-43
Space Communications NEtWOIKS ..........oocuiiiiiiiiiie e S0O-46
Space CommuNiCatioNS SUPPOI.......ciiiiiiiiiiiiee e e e e e e e e snraaee s SO-55
HUMAN SPACE FLIGHT OPERATIONS ... S0O-62
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FY 2023 Budget

Op Plan Request Request
Budget Authority (in $ millions) FY 2021 FY 2022) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
International Space Station 1,321.6 1,327.6 1,307.5 1,289.9 1,302.1 1,302.5  1,302.9
Space Transportation 1,871.9 1,770.2  1,759.5 1,798.8 1,848.7 1,889.2 1,914.8
Space and Flight Support (SFS) 890.3 947.2 975.0 1,031.7 1,053.1 1,020.1 948.6
Commercial LEO Development 18.1 102.6 224.3 228.2 229.4 302.1 435.0
Exploration Operations 0.0 0.0 TBD 832.9 9723 1,037.2  1,070.5
Total Budget 4,101.9 4,147.6, 4,266.3 5,1814 54056 5,551.1 5,671.8
Change from FY 2022 Budget Request 118.7
Percent change from FY 2022 Budget Request 2.9%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to 3718 million,
contingent on assessments following Artemis 1.

The Space Operations account is dedicated to
continued support of ISS operations and research in
low-Earth orbit (LEO) that enables future exploration
and advance discoveries that benefit life on Earth,
while laying the foundation for America to maintain a
constant human presence and develop a commercial
economy in LEO. Beginning with this budget, Space
Operations will also provide operations support for
future Artemis Missions. Space Operations is
comprised of the International Space Station (ISS),
Space Transportation, Space and Flight Support,

NASA astronauts Kate Rubins (left) and Jeff Commer.Cia] LEO DeVelopment and the. new
Williams (right) are shown here preparing to Exploration Operations themes. Collectively these
grapple the SpaceX Dragon supply spacecraft from themes are developing American-led space

aboard the International Space Station. infrastructure enabled by a commercial market,

enhancing space access and services to both
Government and commercial entities, and researching and developing capabilities to safeguard our
astronaut explorers. These activities, which support existing and future space operations for both NASA
and non-NASA missions, are catalysts for economic development. Additionally, these activities advance
scientific knowledge and foster new technologies that improve our lives. The activities in this account are
managed by the Space Operations Mission Directorate, which was created during a reorganization
approved in 2021.
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ISS is an example of 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. ISS enables commercial
industry, academic institutions, U.S. Government agencies, and other diverse users to access a unique
research platform for developing and demonstrating new technologies, treatments, and products for
improving life on Earth.

Under the Space Transportation theme, 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. Through this program, NASA continues to advance commercial spaceflight and support
American jobs. The Commercial Crew Program (CCP) is developing and operating safe, reliable, and
affordable crew transportation systems capable of carrying humans to and from the ISS and other
destinations in low-Earth orbit. 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 partnerships bolster American leadership in space, have ended our 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.

The Space and Flight Support Theme (SFS) continues to provide mission critical space communications,
launch and test services, and astronaut training to support its customer missions. The Space
Communications and Navigation (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 the missions most distant from Earth and will initially
provide primary communications links to 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. The Communication Services Program focuses on demonstrating the feasibility of using
commercially provided satellite communications (SATCOM) services to support NASA missions. 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. The Rocket Propulsion Test
Program manages a wide range of facilities capable of ground testing rocket engines and components
under controlled conditions. The Human Space Flight Operations Program provides the training and
readiness to ensure crew health and safety and mission success. To align their efforts with other
operations organization in support of Artemis missions, the Human Research Program (HRP) is moving
to SFS theme. Artemis missions will dramatically increase the scope of the challenges and demands that
face NASA's astronauts. HRP is working to improve 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 the development of commercially owned and operated LEO
destinations from which NASA can purchase services to meet NASA's enduring LEO human spaceflight
requirements. As those commercial LEO destinations become available, and without a gap in a U.S.
presence in LEO, NASA intends to implement an orderly transition from current ISS operations to the
new commercial enterprise as laid out in NASA's ISS Transition Report (January 2022).

The Exploration Operations theme was created to manage production, sustainment, and mission
operations of exploration hardware and capabilities developed in the Exploration Systems Development
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Mission Directorate. As the various Artemis campaigns complete their initial development and production
of hardware and/or capability and demonstrate their ability to move into production and sustainment
mode, the funding for these programs will be provided in this theme. Initially, there are two programs
under this theme: Orion Production and Sustainment, and Exploration Operations Program. Other
Artemis campaign programs, including, Space Launch System (SLS), Exploration Ground Systems
(EGS), Human Landing System and Gateway will transition in future budgets.

EXPLANATION OF MAJOR CHANGES IN FY 2023

On December 31, 2021, the Biden-Harris Administration announced the United States' commitment to
extend ISS operations through 2030.

SCaN is increasing its infrastructure to support human and robotic exploration of the moon, including
providing a lunar relay capability and enhanced position, navigation, and timing.

The Human Research Program will be transferred from Deep Space Exploration Systems Account to
Space and Flight Support theme within the Space Operations Account beginning in FY 2023.

The Exploration Operations theme has been established, and operations funding from the Deep Space
Exploration Systems account will begin to be transferred using the authority requested in the
appropriations language beginning in FY 2023 (See Exploration Operations theme for a more detailed
description). Orion Production and Sustainment has been transferred from Deep Space Exploration
Systems account beginning in FY 2023.

For more information, go to: https://www.nasa.gov/directorates/space-operations-mission-directorate
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INTERNATIONAL SPACE STATION PROGRAM

FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027
ISS Systems Operations and Maintenance 1,013.8 1,048.2°  1,041.7 1,024.0 1,031.1 1,031.5 1,031.9
ISS Research 307.8 279.4 265.8 265.9 271.0 271.0 271.0
Total Budget 1,321.6 1,327.6 1,307.5 11,2899 1,302.1 1,302.,5 1,302.9
Change from FY 2022 Budget Request -20.1
Percent change from FY 2022 Budget Request -1.5%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The International Space Station (ISS) is the largest
and most complex space-based research facility ever
constructed. ISS enables distinct research
opportunities, including research vital to 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
The ten inhabitants of the International Space Station | Canadian, European, Japanese, and Russian space
are gathered together in the Unity module for a meal agencies. Engineers, scientists, and managers from
and a portrait (October 8, 2021). around the world have directed their resources for the
peaceful use of space and are now reaping the
benefits to humanity. The ISS partnership uses global engagement and diplomacy to provide a
cooperative foundation for the global enterprise of space exploration. The partnership allows members to
collectively allocate resources and manage operational risks in a way that benefits all parties. ISS
provides a high visibility opportunity for American leadership in low-Earth orbit (LEO).

ISS orbits the Earth about every 90 minutes and has been continuously occupied since 2000. November 2,
2021, marked the 21st anniversary of human occupation aboard the ISS. 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. The ISS spans the area of a U.S. football field
(with end zones) and weighs more than 465 tons (930,000 pounds). 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 that ranges from 230 to 286 miles. The complex has more
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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. In addition to external test beds, the
USOS houses three major science laboratories (United States Destiny, European Columbus, and Japanese
Kibo). With the launch of the first U.S. commercial crew post-certification in November 2020, NASA
increased its crew size on the USOS by one, to a total of four astronauts. On average, this doubled the
total available hours of USOS crew time allocated to perform research on board the ISS each week.

The four major focus areas of activity for the ISS program include: (1) serving as a key stepping stone 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 and technology development.

The ISS plays an essential role in facilitating the expanding sphere of human space exploration from LEO
to the Moon (via the Artemis Campaign) and eventually to Mars. 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 to enable human exploration at the Gateway,
lunar surface, and into deep space 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. The facility
enables scientists to identify and quantify risks to human health and performance and to develop and test
preventative techniques and technologies to protect astronauts during extended time in space. The ISS
platform and future commercial LEO destinations provide a rich environment for both basic and applied
research.

NASA will continue research and technology efforts in LEO using the ISS to enable exploration with
humans to the Moon and to 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 these
commercial platforms and services become available. In order to support that transition, the
Administration has announced its commitment to extending ISS operations through 2030, after which the
ISS is planned to be retired.

NASA and its partners use this unique asset to advance science, technology, engineering, and
mathematics (STEM) education efforts to inspire youth to pursue those fields. Over 2.8 million U.S.
students have designed, launched, operated, or used data from more than 800 student experiments
launched to ISS. ISS also provides a unique opportunity for STEM inspiration through direct engagement
between astronauts and students. ISS inspires future generations and helps foster greater interest in STEM
careers.
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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 U.S. segment of the ISS enables
Government agencies, academia, and industry to utilize its unique environment and advanced facilities to
perform investigations. The focus of the ISS National Laboratory (ISSNL) is to provide ISS access to
academia, the commercial sector, and other Government agencies through partnerships, cost-sharing
agreements, and other arrangements for research, technology development, LEO commercialization, and
education. Observing from and experimenting aboard ISS provides the opportunity to learn about Earth,
life, and the solar system from a very different perspective. 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
the Space Technology Mission Directorate and basic and Earth Science research funded by the Science
Mission Directorate. The results of the research completed on ISS can be applied to many areas of
science, improving life on Earth, fueling American innovation and enhancing U.S. overall economic
competitiveness, and furthering the experience and increased understanding necessary to journey to other
worlds.

For more on the ISS program, go to: https://www.nasa.gov/mission_pages/station/main/index.html

EXPLANATION OF MAJOR CHANGES IN FY 2023

On December 31, 2021, the Biden-Harris Administration announced the United States' commitment to
extend ISS operations through 2030.

The purpose of extending ISS is to enable continuation of the groundbreaking research being conducted
in this unique orbiting laboratory through the rest of this decade.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY 2026 FY 2027
Total Budget 1,013.8 1,048.2 1,041.7 11,0240 1,031.1 1,031.5 1,031.9
Change from FY 2022 Budget Request -6.5
Percent change from FY 2022 Budget Request -0.6%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y
2022 column reflects the FY 2022 President's Budget Request.

The International Space Station (ISS) is a complex
research facility and human outpost in low-Earth
orbit (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 facility’s primary goals are to advance
exploration of the solar system, enable unique
scientific research, and promote commerce in space
~ , with industry partners as new commercialization
NASA spacewalker Shane Kimbrough works to concepts are explored. The ISS Systems Operations
complete the installation of the second roll out solar and Maintenance (O&M) project supports vehicle
array on the International Space Station's Port-6 truss . . e .
structure (June 25, 2021). 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 techniques
with minimal margin for error. The risks associated with operating the ISS are significant and must be
effectively managed to protect against catastrophic consequences to mission success and human life.
Successful risk mitigation activities on ISS in LEO pave the way for a more successful Artemis
Campaign and missions to Mars.

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 465-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
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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 operation of the Neutral Buoyancy Laboratory, an indoor underwater training
facility, where astronauts, in a safe environment, can simulate specific extravehicular (EVA) activities 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. To achieve this effect, suited
astronauts or pieces of equipment are lowered into the pool using an overhead crane and then weighted in
the water by support divers so that astronauts experience minimal buoyant force and minimal rotational
moment about their center of mass.

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 ensures the ISS is always operational and
available to perform its research mission.

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

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.

EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

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 operations
monitoring the safety of crew and integrity of ISS 24/7 (Other MCC activities are funded by the programs
they support). This is required to maintain success in providing all necessary resources, including power,
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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.

One overarching accomplishment is the successful navigation of ISS Operations through the COVID-19
pandemic. Operations on-orbit and Earth continued 24/7 and the ISS program successfully pivoted and
quickly adjusted to the practices required to continue working as safely as possible.

The ISS Systems O&M project supported the arrival and departure of 13 flights, both domestic and
international crew and cargo missions, to the ISS. This resulted in supporting almost 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, extravehicular
activities (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 of ISS atmosphere leak
source identification and mitigation.

In FY 2021, the team supported nine USOS EVAs. The Columbus module and several camera and
wireless communication systems on ISS were upgraded. Five EVAs were completed to work towards the
installation of six new ISS Roll Out Solar Arrays (IROSA), two of which were completed in FY 2021.
The combination of the eight original arrays and the smaller, more efficient, new arrays will provide a 20
to 30 percent increase in power for space station research and operations. This upgrade ensures that the
ISS will be able to support the anticipated power demand of future utilization and commercialization
activities while preserving the expected increase in research and exploration technology demonstrations
for Artemis and beyond.

Astronauts completed four series of Spacesuit Evaporation Rejection Flight Experiment (SERFE) runs
on-orbit with a similar unit on the ground for comparison. SERFE is representative of the advanced EVA
Thermal Loop architecture with flight-like pumps, flow control, and dual relief valves.

FY 2021 contained ISS advances in software vital to its on-orbit safety and day-to-day operations. The
software updates included completion and transition on-orbit to R19 (supports Exploration ECLSS, four
bed Carbon Dioxide scrubber, and Lab starboard water vent valve modification). Personal Computer (PC)
installation updates were performed via the Joint Station LAN (JSL). This update allows the software to
be uplinked to ISS via Ku-band wireless communications links. The updates are then transferred to
individual PCs via an Ethernet connection, which reduces manifest needs and crew time requirements as
well as increases the amount of payload data that can be recorded/distributed. The crew also completed 31
joint software tests. FY 2021 also saw the beginning development of software release R21, which
includes JAXA/HTV-X support, and the ability to maintain Ku-band link through a Command, and
Control computer transition. The program delivered six IT security patches to meet NASA and other
Government security mandates and deployed additional Arcturus DAN boxes to support ISS technology
demonstrations.
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In the Avionics area, ISS continued external wireless connection upgrades which converted two external
High Definition (HD) cameras to also serve as a wireless communication link, improving the Joint Station
Local Area Network (LAN) Robustness. Other improvements included: installation of multiple Gigabit
Ethernet cable that runs throughout the US modules and to the IP modules; additional edge router for
redundancy and replacement of crew headsets with modern off-the-shelf headsets; ISS vehicle and
hardware successes included the delivery of the Vascular Contingency Medical Kit for treatment of
venous thromboembolism and one new Cupola scratch side pane. The Crew Alternative Sleeping
Accommodation was delivered and installed, which supports increased crew member compliment. Lastly,
the program completed build, delivery and launch of IROSA Wings 1-2 and successfully installed them
on orbit to augment ISS Power Channels 2B and 4B.

WORK IN PROGRESS IN FY 2022

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, as well as U.S. Crew test flight, the first Private Astronaut Mission, four U.S.
Commercial Resupply Services cargo flights, three Progress flights, four crewed Soyuz flights, and one
Russian hardware flight.

The program plans to support eight Russian EVAs and six U.S. EVAs in FY 2022. Two EVAs are
scheduled to be completed in Increment 66 (March 2022) to prepare for IROSA installation on the 3A
power channel and a Radiator Beam Valve Module Jumper EV A task. This series will also remove and
replace an external camera. Another double EVA is scheduled for late Inc 67 (August 2022) to perform
the final IROSA preparation for the 1A and 3B solar array power channels. The crew will continue to test
the SERFE demonstration payload until its planned return on SpX-25 vehicle (June 2022); which includes
a total of 25 simulated EVAs.

In FY 2022, ISS continues to develop and install software vital to its on-orbit safety and day-to-day
operations. The planned software updates include completion and transition on-orbit to R20, which
supports the Advanced Oxygen Generation Assembly and relocation of the European Space Agency
(ESA) Life Support Rack, and the Oxygen Generator System. The updates include the capability to allow
Ethernet devices to receive data from the Command Control Software on the 1553 LAN. Forty-two tests
are planned, including 28 to support commercial crew/cargo flights, 12 for integrated R20/R21 testing,
and two to support the Commercial LEO Development Program activities. The majority of these tests will
be performed remotely with our International Partners and Commercial/Cargo vehicle providers. Software
development for R22 will be started which includes updated encryption algorithms for the ISS Forward
Link, the relocation of the Pressurized Mating Adapter (PMA) in preparation for the arrival of the
commercial element, and the capability allowing CCS to receive data from devices on the Ethernet LAN.
ISS will also be developing and deploying a specific virtual private network devoted to the Private
Astronaut Mission crew and future space flight participants. This will provide additional controls,
separate from the ISS-crew and will be starting the prototype for an ISS server for the Space Station
Computer (SSC) network, which will consolidate the ever-growing SSC hub into a single device.
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In the Avionics area, External Wireless Communication (EWC) expansion will continue with the
conversion of two remaining external HD cameras to provide additional wireless communication for
payloads and EVAs. Ku-band Space to Ground Transmitter Receiver Controller (SGTRC) spares builds
will be completed, and all flight units delivered. JSL robustness improvements are to be activated which
include redundant routers and interfaces to downlink/visiting vehicle comm links and eliminate
bottlenecks. Optical communication will establish a one Gig interface from the JSL to the Integrated
Laser Communications and Relay Demonstration, Low-Earth-Orbit User Modem, and Amplifier
Terminal (ILLUMA-T) JEM location providing enhanced data capabilities on ISS. New digital still
cameras for ISS and HoloLens deployment which will support REMOTE Guider capability as a crew
time saver.

The Supplemental Heat Evaporative Cooler is to be delivered. Once installed it will retire a top program
risk “Inability to perform USOS EVA to repair the ISS in case of the Dual External Active Thermal
Control Systems (EATCS) Loop Failure.” Also, within the power generation and collection upgrades, the
remaining three IROSA Wings are to be finished and delivered to NASA.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

The ISS Program will continue to support CCP and its 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 plan and provide real-time support for activities, such as EVAs and visiting vehicles.
The ISS Systems O&M project plans to support the launch of approximately 15 flights in FY 2023.

The team is currently planning two USOS EVAs to install the IROSA Wings on the 3A and 4A power
channels in November and one Russian EVA. The ISS software team is planning to transition to R21
version of ISS software, and launch and deploy the Forward Link enhancement to improve the security of
the command links. In addition, optical communication between the ISS and ground systems via
ILLUMA-T and LCRD using Delay Tolerant Networking will be enabled.

PROJECT SCHEDULE

The table below provides a schedule for FY 2022 and FY 2023 completed and planned EVAs. 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.

SO-13



Space Operations: International Space Station: International Space Station Program

ISS SYSTEMS OPERATIONS AND MAINTENANCE

Date Significant Event
Dec 2021 Two USOS EVAs
Jan 2022 Russian EVA

Mar 2022 Two USOS EVAs
Apr 2022 Two Russian EVAs
May 2022 Russian EVA

Jun 2022 Russian EVA

Aug 2022 Three Russian EVAs
Aug 2022 Two USOS EVAs
Nov 2022 Two USOS EVAs
Nov 2022 Two Russian EVAs
Jun 2023 Two USOS EVAs

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, the Johnson Center
(JSC) which is located in Houston, TX, leads the project management of the ISS Systems O&M.

Acquisition Strateqy

The current Boeing vehicle sustaining engineering contract extends through September 2024.
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 Boeing Company

JSC
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INDEPENDENT REVIEWS

Provides The panel provided
NASA Advisory independent o HSW forlr)nal
Other Council/SOMD | Jan 2022 guidance for the . Mar 2022
Subcommittee NASA recom mendations or
Administrator findings for the ISS.
Provides :
NASA independent The panel provided
Other Aecrospace Safety | Jan 2022 assessments of ?:cgrenvrxlfeilréz?ilons or TBD
Advisory Panel safety to the NASA .
Administrator. findings for the ISS.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Total Budget 307.8 279.4 265.8 265.9 271.0 271.0 271.0
Change from FY 2022 Budget Request -13.6
Percent change from FY 2022 Budget Request -4.9%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The International Space Station (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.

November 2, 2021 marked the 21st anniversary of
continuous human presence in space aboard ISS. In
that span, the orbiting platform has evolved into a

Expedition 66 Flight Engineers (from left) Mark dynamic laboratory that hosts an increasing variety
Vande Hei, Shane Kimbrough, Akihiko Hoshide and of government and privately-owned science
Megan McArthur, pose with chile peppers grown in facilities, external testbeds, and observatory sites.

space for the first time aboard the International
Space Station for the Plant Habitat-04 investigation.
(Oct. 29, 2021)

The ISS provides the only current capability for
human-assisted space-based research and is a
foundation for efforts to expand commercial use of
low-Earth orbit (LEO) and to enable a sustained U.S.
presence in this region of space.

This budget line supports the ISS National Laboratory (ISSNL), which is dedicated to enabling non-
NASA use of the ISS. The ISS Research budget also funds support for all research users of the ISS
through NASA's multi-user systems support (MUSS).

In 2005, the United States segment of the ISS was designated as a National Lab by Congress. The 2010
Authorization Act subsequently designated that 50 percent of crew time, cargo up-mass, and access to
research facilities on the ISS should be allocated for non-NASA use of the ISS. Non-NASA use of the
ISS is managed through the ISSNL. NASA was directed by Congress to enter into a cooperative
agreement with a single purpose non-profit, non-government organization (NGO) to manage non-NASA
use of the ISS in cooperation with NASA. NASA selected the Center for the Advancement of Science in
Space (CASIS) as the operating manager of ISSNL activities in 2011. The ISS National Laboratory
Program allows non-NASA users to conduct Research and Development (R&D) activities on ISS that
benefit life on Earth and foster commerce in space. Non-NASA users of ISSNL include other
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Government agencies - such as the National Science Foundation (NSF), National Institutes of Health
(NIH), and the Department of Defense (DoD) - as well as multiple academic institutions and commercial
companies. Since 2012, more than 500 payloads have flown under the ISSNL allocation. For the past
three fiscal years, more than 70 percent of payloads launched represent investigations from the private
sector, fostering economic growth and expanding the low-Earth orbit.

MUSS provides strategic, tactical, and operational support to all ISS research, whether sponsored by
NASA, international partners, or ISSNL. Through MUSS, the ISS Research budget supports the
execution of the broader portfolio of research and technology development activities undertaken on the
ISS and funded through other NASA organizations (e.g., Biological and Physical Sciences [BPS], Human
Research Program [HRP], and Space Technology Mission Directorate [STMD]). ISS external research
platforms enable research recommended by the National Academy Decadal and funded by NASA's
Science Mission Directorate (SMD) to provide access to Earth and space vantage points. Taken as a
whole, these R&D activities enable future human exploration, pioneer scientific discovery, expand our
understanding of the universe and our home planet, and benefit our economy and life on Earth. MUSS
continues to support new capabilities and technologies that benefit multiple ISS users and operation of in-
orbit and ground control research facilities.

Research conducted aboard ISS, supported by this budget line item through MUSS and ISS National Lab
activities, have made fundamental contributions to human knowledge and have advanced goals set by the
National Academies of Science through a series of Decadal Surveys.

ISS research also supports the development of technologies of use in exploration campaigns such as
Artemis, and longer-duration missions to Mars and beyond. ISS provides the best existing 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, determining logistics requirements, safety, and interoperability
concerns with respect to overall space systems infrastructure. From an Environmental Control and Life
Support Systems perspective, 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.

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. 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 the breadth and volume of ISS-supported research, with 18 such facilities in
operation at the start of FY 2022 and private entities servicing 40 percent of ISS National Lab payloads.
In addition, some 40 companies provide services as payload developers, guiding researchers to build and
ship flight hardware to be executed on the station. These activities validate business models and expand
the numbers of entities with experience in conducting business in space.

In an additional step for commerce in space, a new airlock, privately owned and operated, was integrated
into the station and initiated service in FY 2021. The Nanoracks Bishop Airlock significantly increases
the ability to transfer payloads to and from the stations external platforms and allows more small satellites
to be deployed from station, while demonstrating the capabilities of a new airlock design for use in future
exploration missions.
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EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

FY 2021 saw new research facilities come online, new capabilities piloted, an increase in crew hours
dedicated to science, and new solar panels add to the stations power capacity.

BioServe’s Space Automated Laboratory Incubator (SALI), which will be used to incubate biological
experiments in space, was validated and entered into service, increasing research capacity, and adding
another commerecial facility on the ISS. Additionally, two commercial facilities from Redwire Space
launched to the ISS for validation. The Redwire Turbine-Ceramic Manufacturing Module (T-CMM) is
designed to manufacture superior turbine components in microgravity with improved performance for
aerospace applications. The Redwire Industrial Crystallization Facility (ICF), developed in part with
funding from NASA’s Small Business Innovation Research (SBIR) program, is an in-space
manufacturing facility designed for the growth and formulation of large (centimeter-scale) single crystals
and other exotic materials of industrially relevant size and quality. Following successful demonstrations,
the T-CMM and ICF will be available for use by commercial customers.

FY 2021 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, nearly 400 active investigations across all ISS partners. NASA and the ISS
National Lab combined to sponsor almost 200 U.S. research investigations. These totals included 88
payloads for the ISS National Lab.

Examples of fundamental research included:

o Studies of Bose-Einstein condensates using one of the stations 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).

e Data from tests conducted for the Cool Flames Investigation with Gases (CFI-G), sponsored by the
ISS U.S. National Lab and the National Science Foundation, showed the presence of cool flames for
the first time using gaseous fuel. The discovery of cool flames in 2012 aboard the ISS, spawned a
rapidly growing research field into their nature. Cool flames are difficult to study in Earth’s gravity,
but their unique chemistry may hold the key to more efficient and cleaner running combustion
engines

(see: https://www.nasa.gov/mission_pages/station/research/news/Cool_Flames_First_for ISS).

e The Ring Sheared Drop (RSD) experiment team demonstrated a specialized device that uses surface
tension rather than a solid container to hold liquids. It pins a drop of liquid between two rings and
rotates one while keeping the other stationary to create shear flow between adjacent liquid layers.
Researchers used the device to study protein aggregates called amyloid fibrils. These abnormal
fibrous deposits found in organs and tissues are associated with neurodegenerative diseases such as
Alzheimer’s (see: https://science.nasa.gov/biological-physical/investigations/rsd).

e FY 2021 marked the 10th anniversary of the creation of the Center for the Advancement of Science in
Space and the beginning of the organization’s partnership with NASA to manage the ISS National
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Lab. NASA is committed to collaborating with CASIS to manage the ISS National Lab as a resource
for the American people and ensuring that it returns benefits to Earth and enables a robust LEO
economy.

The ISS National Lab continued to drive upward trends for industry involvement in supply, demand,
and investment related to its R&D portfolio. ISS National Lab R&D activities in FY 2021 included
projects from industry (such as Target, Bristol Meyers Squibb, GlaxoSmithKline, Lockheed Martin
Corp.), startup companies funded in collaboration with Boeing, and research entities (such as Notre
Dame University, Cornell University, Stanford University, and the Palo Alto Veterans Research
Institute). Industry-driven activities included:

o Colgate-Palmolive launched the first private-sector oral health care investigation to study unique
plaque pathologies, examine gravity’s effects on biofilm formation and oral dysbiosis (an
imbalance in the oral microbial community), and compare responses to common oral care agents.
Results could help to create more effective products for consumers on Earth.

o Eli Lilly and Company initiated an experiment to examine the effects of gravity on the physical
state and properties of freeze-dried pharmaceutical products. Results could help Lilly improve the
chemical and physical stability of pharmaceutical products for patients on Earth.

o ISS crew completed an investigation from Physical Optics Corporation to produce high-quality
ZBLAN optical fibers in microgravity using the company’s Orbital Fiber Optic Production
Module.

o FY 2021 was a record year for capital raising activity by startup companies in the ISS National
Lab ecosystem. Based on publicly available data, $523 million of private and public capital as
well as grant funding was raised during FY 2021 by startups that have completed a flight project
with the ISS National Lab. These startups include Angiex, Emulate, Kernal Biologics, Lynk
Global, Orbital Sidekick, Orbit Fab, Redwire Space, RevBio, Spire Global, and others. Since
2014, startups that completed projects sponsored by the ISS National Lab have raised more than
$1.1 billion after completion of their flight. These funds were raised from public equity markets,
venture/private capital, and via public and private grants.

Additional examples of accomplishments in FY 2021, representing both MUSS support and ISS National
Lab efforts, include:

The Redwire Regolith Print (RRP) study demonstrated 3D printing on the space station using a
material simulating regolith, or loose rock and soil found on the surfaces of planetary bodies such as
the Moon. Results could help determine the feasibility of using regolith as the raw material and 3D
printing as a technique for on-demand construction of habitats and other structures on future space
exploration missions.

Four Bed CO2 Scrubber demonstrated a technology to remove carbon dioxide from a spacecraft. It is
one of two carbon dioxide removal technology demonstrations for the space station’s Exploration
Environmental Control and Life Support Systems (ECLSS). Based on the current system and lessons
learned from its nearly 20 years of operation, the Four Bed CO2 Scrubber includes mechanical
upgrades and an improved, longer-lasting absorbent that reduces erosion and dust formation.

Hewlett Packard Enterprise’s Spaceborne Computer-2 (SBC-2) was installed and began operations on
the ISS. SBC-2, following SBC-1’s successfull.5-years of technology demonstration on the ISS,
enables in-space data processing and analysis, providing quicker results that will facilitate iteration of
experiments on station.
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e Users of the ISS National Lab published 27 articles in peer-reviewed journals, including 11 related to
NIH Tissue Chips in Space initiative and 11 to NSF/CASIS solicitations for transport phenomena,
tissue engineering and mechanobiology. Topics covered included the first use of CRISPR technology
to edit DNA in microgravity, stem-cell derived cardiac tissue research, flame-spread in confined
spaces, and the formation and microstructure of ceramic-nanomaterial composites.

e A patent was filed by Emulate, Inc. related to the company’s Intestine On-Chip system. This
technology was developed in conjunction with Emulate’s NIH-funded Tissue Chips in Space
investigation examining microgravity’s effects on immune response to disease-causing bacteria. The
Intestine On-Chip system could be used to test therapeutic compounds to treat gastrointestinal
disorders or diseases.

e [ockheed Martin Corporation (in collaboration with StemRad) tested the performance of the
AstroRad radiation shielding vest on ISS crew members. AstroRad uses a selective shielding
technology to protect organs that are most sensitive to radiation exposure. This ISS National Lab-
sponsored investigation is beneficial not just to protect astronauts from radiation in space but also for
people on Earth whose professions involve periodic exposure to radiation.

e STEM on Station (SoS) is an inclusive term for all ISS Related OSTEM activities initiated by
NASA's Office of Education (see: http://www.nasa.gov/stemonstation and
https://www.nasa.gov/stemonstrations). In FY 2021, SoS conducted 27 downlinks reaching 27
thousand elementary students, 13 thousand middle school students, 10 thousand high school students
and 250 higher education students along with over 6 thousand formal and informal educators. One
example included the Nanoracks for Student Payload Opportunity with Citizen Science (SPOCS).
This opportunity led to the selection of five student teams to fly five payloads, contributing to
research in either bacteria resistance or sustainability aboard station.

e Another example within SoS is the STEMonstrations program--they are a series of science
demonstrations conducted by Astronauts on ISS. STEMonstration videos surpassed 1,000,000 total
YouTube views — over 400,000 alone in FY 2021. These STEM demonstrations from the ISS, are
short educational videos explaining popular K-12 STEM topics. These videos include a combination
of ground-footage and footage captured aboard the International Space Station.

e Advancing X, Space Foundation, SpaceKids Global, Center for Applied Space Technology (CAST),
Discovery Education, and the American Institute of Aeronautics and Astronautics (AIAA) all joined
the Space Station Explorers program. In FY 2021, nearly two million people participated in partner
programs with program content generating more than four million online impressions.

e A perspective paper was published in Preprints in FY 2021 discussing the goals and outcomes of a
Biomanufacturing in Space Symposium that the ISS National Lab co-hosted. The symposium
gathered thought leaders in the areas of tissue engineering, regenerative medicine, and space-based
research. The symposium was the first step in developing a roadmap to establish a sustainable
biomanufacturing market in LEO.

o Felix & Paul Studios, in association with TIME, “Space Explorers: The ISS Experience” is a
groundbreaking virtual reality series which concluded filming on the ISS. The series recently won a
Primetime Emmy for Outstanding Interactive Production at the recent 73rd Annual Emmy Awards.

For more information, go to: https://www.nasa.gov/mission_pages/station/research/index.html and
https://www.issnationallab.org/
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WORK IN PROGRESS IN FY 2022

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, fundamental science,
and technology demonstration investigations. In the first half of FY 2022 alone, 208 investigations are
scheduled to be active, 127 of which are NASA and ISS National Lab sponsored. Of these investigations,
80 are new.

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

e The Flow Boiling and Condensation Experiment (FBCE) aims to develop a facility for collecting data
about two-phase flow and heat transfer in microgravity. Comparisons of data from microgravity and
Earth’s gravity are needed to validate numerical simulation tools for designing thermal management
systems (see: https://www1.grc.nasa.gov/space/iss-research/iss-fct/fir/fbce/).

e Techshot will relaunch the BioFabrication Facility (BFF)—the first American bioprinter in space.
Originally validated onboard the ISS in 2019, the BFF was returned to Earth for refinements (see:
https://www.nasa.gov/mission_pages/station/research/experiments/explorer/Facility.html#id=7599).
Once the BFF is back on the ISS, multiple investigations are slated to leverage its capabilities,
including projects to bioprint human cardiac muscle tissue and human vascular tissue, as well as a
project from the DoD building on their previous investigation using the BFF to bioprint a partial
human meniscus (cartilage of the knee).

e Uniform Protein Crystal Growth (UPCG) aims to grow a batch of near perfect nanocrystals of
riboswitch RNA, which is responsible for switching individual genes on and off. Findings could help
researchers better understand the process of gene switching, which has potential applications in
biotechnology and medicine.

e L3 Harris will launch an ISS National Lab-sponsored project to advance understanding of photonic
integrated circuit (PIC) technology, toward development of the company’s new satellite constellations
in LEO. A better understanding of the effects of radiation on PIC performance could enable the
design of PIC technology with improved radiation tolerance.

e “Organs-on-Chips as a Platform for Studying Effects of Microgravity on Human Physiology: Blood-
Brain Barrier-Chip in Health and Disease.” A tissue chip investigation from Emulate, Inc. analyzes
the effects of microgravity and other space-related stressors on the blood-brain barrier. The project
uses fully automated tissue chip technology, a Blood-Brain Barrier-Chip, consisting of living
neuronal, and vascular endothelial cells in a micro-engineered environment. Results may provide
insight into the relationship between inflammation and brain function and a better understanding of
neurodegenerative diseases such as Alzheimer’s and Parkinson’s.

e Procter & Gamble will launch their “Tide in Space” investigation under sponsorship of the ISS
National Lab. Testing consumer products in space provides valuable insight to manufacturers about
the performance limits of their products in vastly different environments. Results from this
investigation will help to inform both Procter & Gamble and NASA about the benefits of this
detergent technology for spot cleaning while conserving water.

e The NACHOS project validates a CubeSat-based hyperspectral imager (HSI) for imaging of trace
gases such as NO2 associated with fossil fuel burning and SO2 emitted by volcanoes. This
technology could lead to a constellation of many CubeSat-based HSIs, providing greater flexibility
and coverage than traditional large-satellite instruments, at much lower cost.
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e The Alternate Fecal Container (AFC) demonstrates using a soft-sided container to collect and store
fecal deposits as part of the ISS’s Universal Waste Management System (UWMS). The AFC is
lighter weight and can launch in a collapsed configuration, reducing launch mass and supporting
longer exploration missions.

e Merck Research Laboratories will launch a follow-on project to identify key variables in the
crystallization of pembrolizumab, the active pharmaceutical agent in the cancer drug Keytruda®.
Through their initial project, Merck was able to produce highly uniform, stable concentrated
crystalline suspensions of pembrolizumab on the ISS and successfully translate their findings to
ground-based drug processes. Results from this research could lead to improvements in the
manufacture, storage, and delivery of pembrolizumab, which could reduce costs and improve patient
quality of life.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

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. The improved timelines
offered by these processes 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, by private
companies, or by non-NASA 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 2023 is
still in development. However, upcoming investigations expected to fly in FY 2023 include:

e Tissue engineering and regenerative medicine to improve human health and longevity, and flight
projects supported by other Government agencies, including both NIH and NSF, will explore a range
of related topics from stem cell biology to 3D printing.

o The Atmospheric Waves Experiment (AWE), planned to launch in late 2022, will attach to the
exterior of the ISS. From its space station perch, AWE will focus on colorful bands of light in Earth’s
atmosphere, called airglow, to determine what combination of forces drive space weather in the upper
atmosphere. AWE is the first dedicated NASA mission designed specifically to characterize the
properties of global mesospheric gravity waves (see: https://www.nasa.gov/press-release/nasa-selects-
mission-to-study-space-weather-from-space-station).

e Multiple ISS National Lab-sponsored physical science projects funded by NSF, and projects selected
and funded by the Boeing Technology in Space Prize with CASIS.

e Multiple projects awarded through ISS National Lab research announcements in the areas of in-space
production applications and technology development/demonstration.

e Axiom's UNIGLO (Universal Glass Optics Manufacturing Module, Intelligent Glass Optics), flying
under ISS National Lab allocation but funded by a NASA Small Business Innovation Research
(SBIR), will join other investigations that examine fiber optic cable production in space. UNIGLO
technology developed by Apsidal of Los Angeles that will melt ZBLAN glass and draw optical fiber
on the ISS that is expected to surpass the quality of terrestrial manufactured fiber. ZBLAN is one of
many exotic glasses that have much higher theoretical performance over commonly used silica-based
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fibers in the very large telecom industry as well as specialty applications in defense, technology, and
medical industries. Unfortunately, industry and Government use of these exotic glasses is limited to
very short sections (~2 million or less) due to the challenges associated with crystallization when
drawn in 1g as gravity induced material convection and sedimentation in complex glasses on Earth
subsequently leads to unwanted crystallization, thus creating defects which reduce performance.
Therefore, the microgravity environment of space is needed to achieve the performance near the
theoretical limits for these heavy metal fluoride glasses. UNIGLO is capable of processing various
types of complex glasses in space from which optical fibers, fiber lasers, magnetic fibers, super-
continuum sources, capillary optics, and adiabatic tapers can be drawn. Market areas for products
from this module include specialty fibers for low-loss and high bandwidth communications, high-
power fiber-amplifiers, IR counter measures, supercontinuum sources, medical applications, remote
sensing, X-ray optics, and laser processing.

e The ArgUS platform, capable of hosting multiple experiments on a single payload slot in the
Bartolomeo External Science and Payload Hosting Facility on the ISS, is expected to become
available in FY 2023. Through the ArgUS and Bartolomeo platforms, Airbus DS Space Systems aims
to reduce the cost of conducting experiments in LEO, helping to foster commercial use of LEO and
support new-to-space users with limited budgets who depend on the availability of space access and
infrastructure.

o Three new ISS facilities from Redwire are expected to be commercially available in FY 2023: the
Turbine-Ceramic Manufacturing Module (T-CMM), the Turbine-Superalloy Casting Module (T-
SCM), and the Industrial Crystallization Facility (ICF).

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, as well as standard crew maintenance and
logistical tasks. The table below provides a schedule for FY 2022 through FY 2023 completed and
planned start dates for the upcoming increments to ISS.

Date Significant Event
Nov 2021 Increment 66
Mar 2022 Increment 67
Sep 2022 Increment 68
Mar 2023 Increment 69
Sep 2023 Increment 70

Project Management & Commitments

The ISS Program Office meets commitments to international partners for utilization access under the ISS
Intergovernmental Agreements and follows statutory guidance in the NASA Authorization Act of 2010 in
providing access to on-orbit capabilities for ISSNL research. The ISS Program interfaces with ISSNL and
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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 projects
including BPS.

Change
from
Formulation
Agreement

Element Description Provider Details

o Provider: ISS program and contractors
MUSS activities support | | o, Center: Johnson Space Center (JSC)
MUSS all research on ISS Performine C . MSEC. ARC. GRC N/A
(NASA sponsored and erforming Center(s): ’ ’ ’

non-NASA sponsored) KSC, JPL
Cost Share Partner(s): N/A

Manages ISSNL through
ISSNL the National Laboratory
Cooperative Agreement

Provider: Center for the Advancement of

Science in Space (CASIS) N/A

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 that can be done in space. NASA manages non-NASA ISS research activities through
the ISSNL 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

ISSNL Management Entity CASIS Melbourne, FL.

SO-24



Space Operations: International Space Station: International Space Station Program

ISS RESEARCH

INDEPENDENT REVIEWS

Independent reviews for the ISS program as a whole are cited in the ISS O&M section of this document.
There are no independent reviews planned that are unique to ISS research.

HisTORICAL PERFORMANCE

ISS Results Publications

through September 2021
100% |_'
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As of the start of Expedition 66, at the beginning of
FY 2022, more than 4,600 investigators from 109
countries have performed more than 3,300
investigations and technology demonstrations utilizing
ISS. As shown in the ISS Results Publications graph to
the left, over 3,100 papers have been published in
scientific journals and conference proceedings based on
results of these investigations. In FY 2021 alone, more
than 360 papers were published representing more than
10 percent of the total. This demonstrates the growing
impact of ISS research results in the scientific
community as ISS research capabilities have expanded.

The graphs below highlight the amount and diversity of
research conducted on the ISS. The first shows the
number of investigations by expedition and the type of
investigations by category and country. The data for
expeditions 0-62 has been approved by the ISS Mission
Control Board, and expedition data 63 thru 65 includes
estimates which are under review. Of particular interest
is how the number of investigations by expedition has
varied over history, as the fluctuation is influenced by
crew and cargo transportation and number of crew
members on board ISS.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027
Crew and Cargo Program 1,573.2 1,617.2 1,642.0 1,698.8 1,748.7 1,789.2 1,814.8
Commercial Crew Program 298.7 153.0 117.5 100.0 100.0 100.0 100.0
Total Budget 1,8719 1,770.2 1,759.5 1,798.8 1,848.7 1,889.2 1,914.8
Change from FY 2022 Budget Request -10.7
Percent change from FY 2022 Budget Request -0.6%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

Space Transportation’s objective is to transport
U.S. astronauts and cargo safely to and from space,
including the International Space Station (ISS).
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 propellant; and dispose of
waste.

- 4

Two U.S. ;pacécr;ft, the SpaceX Cargo ragon CCP partners with the U.S. commercial sector to
(foreground) and the SpaceX Crew Dragon (bottom develop and operate safe, reliable, and affordable
center), are pictured docked to the Harmony module's crew transportation to low-Earth orbit (LEO).
international docking adapters (September 12, 2021). 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. NASA has transitioned from purchasing crew transportation to ISS from the
Russian Roscosmos State Corporation, known as Roscosmos, to purchasing from commercial providers
Boeing and SpaceX. Beginning with the SpaceX commercial crew Demo-2 flight in May 2020, the United
States is once again launching astronauts into space and to ISS. The first commercial crew service mission
was the SpaceX Crew-1 flight on November 15, 2020. 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 and the development of hardware such as the NASA docking system.
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As of September 2021, NASA had allocated approximately $20.8 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, and 39 successful cargo 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 Commercial Crew Program development costs (Commercial
Crew Development [CCDev] Phases 1 and 2, the Commercial Crew Integrated Capability [CCiCap]
initiative, Certification Products Contract [CPC], and CCtCap). The remaining $14.9 billion is the amount
NASA has contracted for services (i.e., the transportation of cargo and crew to the 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 $8.5
billion under the CRS-2 contracts. Of the $20.8 billion NASA has allocated to these programs, $16.4
billion has been paid to the companies to date.

EXPLANATION OF MAJOR CHANGES IN FY 2023

None.
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FY 2023 Budget

Budget Authority (in $ millions)

Op Plan Request. Request
FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027

Total Budget 1,573.2  1,617.2° 1,642.0 11,6988 1,748.7 1,789.2 1,814.8

Change from FY 2022 Budget Request
Percent change from FY 2022 Budget Request

24.8
1.5%

S AR e AT e ;
The Northrop Grumman Cygnus cargo vehicle is pictured in
the grips of the Canadarm2 robotic arm after it was installed
on the Unity module's Earth-facing port (August 12, 2021).

FY 2021 reflects funding amounts specified in
Public Law 116-260, Consolidated Appropriations
Act, 2021, as adjusted by NASA's FY 2021
Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not
enacted at the time this budget was prepared.
Therefore, the FY 2022 column reflects the FY
2022 President's Budget Request.

Maintaining the International Space Station
(ISS) requires a fleet of launch vehicles to
sustain a constant supply line of both crew and
cargo that is crucial to ISS 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
low-Earth orbit (LEO). With these contracts,
NASA continues to advance commercial
spaceflight while simultaneously supporting
the American jobs created by this industry.

Through FY 2020, NASA purchased cargo delivery to the ISS from Northrop Grumman (formerly Orbital
ATK) and Space Exploration Technologies Inc. (SpaceX) under the original Commercial Resupply
Services (CRS) contracts. These vehicles provided between 2,200 and 3,700 kilograms of cargo to ISS

SO-29



Space Operations: Space Transportation

CREW AND CARGO PROGRAM

[ Formuiaon [ Development ] Operations

with each mission. The cargo provided to ISS includes crew supplies, operations hardware, and numerous
science research and technology demonstration investigations.

Northrop Grumman, SpaceX, and Sierra Space are working under the follow-on CRS-2 contracts with
missions beginning 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 primarily launches its Cygnus berthing cargo
vehicle on the Antares rocket from the Mid-Atlantic Regional Spaceport at NASA's Wallops Flight
Facility (WFF) in Virginia. Northrop Grumman provides trash disposal and conducts additional
experiments before the Cygnus spacecraft burns up in the atmosphere after leaving ISS. These capabilities
enable studies of fire suppression, the deployment of small satellites at altitudes above the ISS, and other
activities not suited for ISS on-board operation. The Crew and Cargo Program budget supports all
milestone payments for these contracted flights to provide cargo transportation for a multitude of users,
including transportation for National Laboratory science research payloads.

The Commercial Orbital Transportation Services Program used a series of fixed-price, milestone-based
Space Act Agreements to support the development of several companies' efforts to develop commercial
cargo resupply capabilities. As a result, NASA is now able to purchase these commercial services from
several providers under the Crew and Cargo Program using fixed-price contracts, which have more
predictable budget requirements than cost-reimbursable contracts, and which can provide cost savings to
the Federal Government compared to other types of contracts. This arrangement has resulted in a stronger
U.S. space launch industry, redundancy in the cargo resupply mission area that has increased mission
assurance, and robust private sector employment. NASA is leveraging the lessons learned in this program
to expand science and research capabilities that these vehicles provide for CRS-2 missions. The CRS
contract vehicle has been used as an example by other programs, such as Gateway and the Human Lander
System.

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. CCP
is funding the first Post Certification Missions (i.e., crew missions) to the ISS for each provider; the Crew
and Cargo Program is funding the second and all subsequent missions.

The Crew and Cargo Program also funds activities supporting visiting vehicles that provide transportation
for the ISS, including integration activities.
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EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

Northrop Grumman completed 11 mission milestones in support of six commercial resupply flights,
including milestones for successful completion of three CRS-2 flights in FY 2021. SpaceX completed 15
mission milestones in support of nine commercial resupply flights, including milestones for successful
completion of three CRS-2 flights in FY 2021. Northrop Grumman and SpaceX have completed all seven
CRS-2 integration milestones required to demonstrate new contract capabilities and design enhancements
to support science and payload research objectives. Sierra Space completed one ISS Integration milestone
(GPS Navigation near ISS risk reduction test and FCC license review). No mission milestones were
completed in FY 2021.

The program funded CCtCap contract milestones for post-certification crew missions that will be flown
by Boeing and SpaceX. More information on CCtCap progress can be found under the CCP portion of
this document.

The program supported two SpaceX Commercial Crew missions (Crew-1 and Crew-2) and two crewed
Soyuz launches, one of which (63S) was partially funded by NASA as the Agency transitioned to
commercial crew services. In addition, NASA signed a contract with Axiom Space of Houston (Axiom) to
fly an astronaut on the remaining Soyuz launch (64S) with no exchange of funds. Additional information
can be found in the Acquisition Strategy section. The program also supported two launches of Progress, a
Russian cargo vehicle, and one Russian space station module deployment flight for the Multipurpose
Laboratory Module, not funded by NASA.

WORK IN PROGRESS IN FY 2022

NASA expects four commercial resupply flights to deliver research and logistics hardware in FY 2022.
Northrop Grumman plans to launch two flights and complete 11 mission milestones in support of six
CRS-2 flights. SpaceX plans to launch two flights and complete 14 mission milestones in support of nine
CRS-2 flights. Sierra Space plans to complete three mission milestones in support of two CRS-2 flights.
Sierra Space will also complete one ISS integration milestone.

The program will also continue funding CCtCap contract milestones for post-certification crew missions
with Boeing and SpaceX. SpaceX missions began in November 2020 after successful completion of the
test flights and NASA certification. Boeing will be conducting additional test flights in FY 2022. More
information on CCtCap progress can be found under the CCP portion of this document.

After the initial flights, the regular flight plan will provide for two commercial crew flights per year
carrying four crew each flight. However, the first two flights for each provider may be scheduled in a
shorter timeframe to reduce risk and accomplish more research. In addition, the program will support the
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first Private Astronaut Mission (PAM) aboard ISS with Axiom Space of Houston (Axiom). The program
will also support four Soyuz crew launches, three Progress cargo launches and one Russian space station
module deployment flight that are not funded by NASA.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

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 2023.
Northrop Grumman plans to launch one commercial resupply flights and complete seven mission
milestones in support of five CRS-2 flights. SpaceX plans to launch three commercial resupply flights and
complete 14 mission milestones in support of eight CRS-2 flights. Sierra Space plans to launch its first
CRS-2 flight and complete nine mission milestones in support of five CRS-2 flights. Sierra Space will
also complete the remaining two integration review milestones towards completion of their vehicle testing
and final safety review work. These resupply flights will be vital for delivering not only the day-to-day
supplies needed, but also the experiments that will enable the astronauts to continue important research on
ISS. The flights will also support the increased number of research and science investigations enabled by
the additional astronauts once commercial crew is available.

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
flight schedule also includes two Soyuz crew launches, three Progress cargo launches, and one H-11
Transfer Vehicle (HTV)-X, a Japanese cargo vehicle, that are not funded by NASA.

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 scheduled ISS flight plans for FY 2022 and FY 2023.
The Boeing Crew Flight Test (CFT) is not included as the date is currently under review. NASA funds
SpaceX (SpX), Northrop Grumman (NG), 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

Oct 2021 Soyuz 65S

Oct 2021 Progress 79P

Nov 2021 SpX Crew-3

Nov 2021 6R (Russian Proton launch of Russian Segment-Node)
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Date Significant Event

Dec 2021 Soyuz 66S

Dec 2021 SpX-24

Feb 2022 Progress 80P

Feb 2022 NG-17

Mar 2022 Soyuz 67S

Mar 2022 Axiom (Ax)-1 (PAM)

Apr 2022 SpX Crew-4

May 2022 SpX-25

May 2022 Boeing Orbital Flight Test -2 (OFT-2)
Jun 2022 Progress §1P

Aug 2022 NG-18

Sep 2022 Soyuz 68S

Fall 2022 SpX Crew-5

Oct 2022 SpX-26

Oct 2022 Progress 82P

Jan 2023 HTV-X1

Jan 2023 SpX-27

Feb 2023 NG-19

Feb 2023 Progress 83P

Feb 2023 Sierra Space DCC-1

Mar 2023 Soyuz 69S

Q2 FY 2023 Ax-2 (PAM)

Q2 FY 2023 Commercial Crew Mission
Jun 2023 SpX-28

Jul 2023 Progress 84P

Sep 2023 Soyuz 70S

Q4 FY 2023 Commercial Crew Mission
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Project Management & Commitments

Johnson Space Center (JSC) is responsible for management of the Crew and Cargo Program.

Change from
Element Description Provider Details Formulation
Agreement

Provider: Boeing; SpaceX
Lead Centers: JSC, KSC

Commercial crew transportation )
Performing Center(s): N/A

Crew will be provided by Boeing and N/A
transportation | SpaceX and managed by the Cost Share Partner(s): Canadian Space
Commercial Crew Program. Agency (CSA), European Space
Agency (ESA), and Japan Aerospace
Exploration Agency (JAXA)
Northrop Grumman, SpaceX, Provider: Northrop Grumman, SpaceX,
and Sierra Space will provide Sierra Space, and JAXA
Cargo cargo trans:portanon to the IS.S Lead Center: ISC
transportation via the major contracts fiescrlbed Performing Center(s): GSFC, KSC N/A
below. JAXA will provide g : ’

additional cargo transportation Cost Share Partner(s): CSA, ESA, and
as part of the ISS partnership. JAXA

Acquisition Strateqy

The ISS program competitively procures all ISS cargo transportation services, excluding services obtained
via barter 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 (IDIQ) contracts.

In September 2014, NASA’s CCP awarded CCtCap contracts to Boeing and SpaceX for commercial crew
transportation services that began in FY 2021. CCP is funding milestones on the first Post Certification
Missions for each provider. The Crew and Cargo Program is funding the second and all subsequent
missions. These crewed vehicles will provide a minimum of 220 pounds of cargo as specified by the ISS
program.

NASA purchased crew launches from Roscosmos through October 2020 and crew rescue and return
through early April 2021. To ensure continuous U.S. presence aboard the ISS, NASA signed a contract
with a U.S. commercial company (Axiom Space of Houston) and flew a NASA astronaut on Soyuz
rotation 64S, launched on April 9, 2021. In exchange, NASA will provide a seat on a future

U.S. commercial spacecraft, expected to launch in 2023, as part of a space station crew rotation mission.
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Because the services are determined to be of comparable value to both parties, the contract contains no
exchange of funds.

MAJOR CONTRACTS/AWARDS

Crew transportation Boeing Houston, TX
Crew transportation SpaceX Hawthorne, CA
Cargo transportation Northrop Grumman Dulles, VA

Cargo transportation

Sierra Space

Louisville, CO

Cargo transportation

SpaceX

Hawthorne, CA

INDEPENDENT REVIEWS

NASA Provides independent | The panel provided no new
Other Advisory Jan 2022 | guidance for the formal recommendations or | Mar 2022
Council NASA Administrator | findings for the ISS.
vids et et provided o e
Other pace Jan 2022 Y| formal recommendations or | TBD
Safety Advisory to the NASA .
L findings for the ISS.
Panel Administrator
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Budget Authority (in $ millions)

Op Plan Request
FY 2021 FY 2022 FY 2023

Request
FY 2024 FY 2025 FY 2026 FY 2027

Total Budget 298.7 153.0 117.5 100.0 100.0 100.0 100.0
Change from FY 2022 Budget Request -35.5
Percent change from FY 2022 Budget Request -23.2%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y 2022

column reflects the FY 2022 President's Budget Request.

SpaceX Crew-3 astronauts and support personnel
participate in water survival training at the Neutral
Buoyancy Laboratory at NASA's Johnson Space
Center in Houston, Texas (April 30, 2021).

Boeing Starliner technicians work on the Orbital
Flight Test-2 spacecraft in the high bay of Boeing’s
Commercial Crew and Cargo Processing Facility at

Kennedy Space Center in Florida (January 13, 2022).

With technical guidance and oversight from NASA,
the U.S. private sector is working to develop and
operate safe, reliable, and affordable crew
transportation to space, including to the International
Space Station (ISS). Partnership with the
commercial space industry for access to ISS and
other low-Earth orbit (LEO) destinations bolsters
American leadership, reduces our current reliance on
foreign providers for this service, and helps
stimulate the American aerospace industry. Crew
transportation is currently provided using the newly
certified SpaceX Crew Dragon and the Russian
Soyuz vehicle. The Boeing Starliner spacecraft is
still in the development and test phase but making
significant strides towards certification by NASA for
crew transportation to ISS. By supporting the
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.

Through the Commercial Crew Program (CCP),
NASA provides technical insight and financial
support to industry partners during development of
their crew transportation systems using milestone-
based contracts and certifies them to carry astronauts
to and from the ISS. Under this acquisition model,
NASA defines requirements up front and pays the
partner only once contract milestones are
successfully completed. This approach reduces
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financial risk to taxpayers and incentivizes the private sector to provide increased cost-control and
decreased systems development cost.

The 2014 CCtCap awards represented a significant milestone in U.S. human spaceflight, with the goal of
ending our reliance on foreign crew transportation to ISS and certification of safe and cost-effective U.S.
commercial crew transportation systems. 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 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 on commercial crew
spacecraft systems.

As mentioned in the Crew and Cargo program section, CCP manages the CCtCap contracts. In addition to
funding the development and risk mitigation work, CCP also funds each partner's initial Post Certification
Mission (PCM). Subsequent PCMs, currently planned for FY 2021 and beyond, are funded by the Crew
and Cargo program. A total of nine PCMs have been awarded to SpaceX and six PCMs to Boeing.

In FY 2020, NASA initiated the Suborbital Crew (SubC) activity under the CCP. This activity will
develop a system qualification process to enable NASA personnel to leverage suborbital human space
transportation capabilities to meet Agency needs and procure commercial suborbital space transportation
services for NASA Astronauts and other NASA personnel. After several years of development,
commercial suborbital human space transportation systems have become operational. The flight profiles
of these vehicles include flying to altitudes of approximately 100 kilometers, which results in periods of
microgravity longer than can be created with drop towers and parabolic aircraft flights. 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 and continue efforts to enable a robust spaceflight economy.

EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

In November of 2020, NASA certified that all human rating requirements and crew transportation system
requirements were met for SpaceX. Following that certification, the Agency and SpaceX launched Crew-
1, the first PCM to the ISS with crew, on November 15, 2020 from Kennedy Space Center’s (KSC)
Launch Complex 39A in Florida. The Crew Dragon 'Resilience' spacecraft carried astronauts Michael
Hopkins, Victor Glover, and Shannon Walker of NASA and Soichi Noguchi of Japan Aerospace
Exploration Agency (JAXA) to ISS on that mission. After staying 168 days in orbit, the Crew-1
astronauts returned to Earth in a parachute-assisted splashdown off the coast of Florida on May 2, 2021.
On April 23, 2021, just over one week before the Crew-1 departed ISS, SpaceX Crew-2 successfully
launched with NASA astronauts Shane Kimbrough and Megan McArthur, along with JAXA’s

astronaut Akihiko Hoshide and ESA’s (European Space Agency) astronaut Thomas Pesquet to begin a six-
month science mission on ISS.
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The Boeing Orbital Flight Test (OFT)-2 was scheduled for August 3, 2021, but due to an oxidizer
isolation valve issue in the Starliner propulsion system, the test flight was delayed. The Boeing team and
NASA continues to make progress on the investigation and Boeing has identified a most probable cause
related to oxidizer and moisture interactions. Although some verification work remains underway, Boeing
began corrective and preventive actions. Additional spacecraft and component testing will be conducted
to further explore contributing factors and necessary system remediation before flight.

Suborbital Crew continued progress towards refining the system qualification approach and determining
how NASA will qualify commercial suborbital crew systems for NASA personnel.

WORK IN PROGRESS IN FY 2022

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.

After staying 199 days in orbit, the Crew-2 astronauts returned to Earth in a parachute-assisted
splashdown off the coast of Florida on November 8, 2021. Two days later, on November 10, 2021,
SpaceX Crew-3 launched from KSC carrying NASA astronauts Raja Chari, Tom Marshburn, Kayla
Barron, and ESA (European Space Agency) astronaut Matthias Maurer. The Crew-3 astronauts will spend
approximately six months aboard the space station conducting new and exciting scientific research in
areas such as materials science, health technologies, and plant science to prepare for human exploration
beyond low-Earth orbit and to benefit life on Earth. Space Crew-4 is planned to launch on April 15, 2022.
Crew-4 will carry NASA astronauts Kjell Lindgren, Bob Hines, and Jessica Watkins and ESA astronaut
Samantha Cristoforetti. Crew-3 astronauts are set to return to Earth in late April 2022. SpaceX Crew-5 is
planned for September 2022. NASA has assigned astronauts Nicole Mann and Josh Cassada to the Crew-
5 mission. Additional crew members will be announced later. Mann and Cassada previously were
assigned to missions on NASA’s Boeing Crew Flight Test and NASA’s Boeing Starliner-1 mission,
respectively. NASA decided it was important to make these reassignments to allow Boeing time to
complete the development of Starliner while continuing plans for astronauts to gain spaceflight experience
for the future needs of the Agency’s missions.

Boeing will continue the production and outfitting of their spacecraft crew and service modules inside the
Commercial Crew and Cargo Processing Facility at KSC. Boeing is planning to complete several
significant CCtCap milestones necessary to perform the remaining flight test of their crew transportation
systems and certify the Starliner crew transportation vehicle. Planned FY 2022 missions include OFT-2,
followed by Boeing's first Crewed Flight Test (CFT). Final NASA certification of the Boeing Starliner
crew transportation system will occur after a successful CFT.

Suborbital Crew will continue progress towards refining the system qualification approach and
determining how NASA will qualify commercial suborbital crew systems for NASA personnel.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

Boeing plans to launch its first PCM, Starliner-1, to ISS with crew. Once CCtCap development and
certification is complete, both partners' space transportation systems will begin regularly flying astronauts
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to and from ISS. These missions will represent major milestones in the return of human spaceflight from
the United States. 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 the transportation systems.

NASA will begin to leverage commercial suborbital crew systems to fly NASA personnel to perform
microgravity research and other testing and qualification for spaceflight hardware, as well as conduct
astronaut training.

Program Schedule

NASA funds SpaceX and Boeing crew missions related to United States Orbital Segment (USOS) crew
requirements. Commercial crew flights planned for FY 2022 are provided in the table below. However,
future crewed flight mission dates are under review (U/R) and not included in the table.

Date Significant Event
Launch: Nov 2021

SpX Crew-3
Return: Apr 2022
Launch: Apr 2022

SpX Crew-4
Return: Sep 2022
Launch: Fall 2022

SpX Crew-5
Return: TBD 2023
May 2022 Boeing OFT2
TBD 2022 Boeing CFT

Program Management & Commitments

The Space Operations Mission Directorate (SOMD) team at NASA Headquarters performs strategic
management and oversight of CCP, while KSC is responsible for day-to-day CCP management, in
collaboration with the Johnson Space Center (JSC). CCP partners with industry leaders and is utilizing 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: Blue Origin (no exchange of funds), Boeing, Sierra Nevada (no
exchange of funds), SpaceX

Commercial Crew Program Lead Center: KSC
Performing Center(s): All
Cost Share Partner(s): Industry Partners (shown above)

SO-39



Space Operations: Space Transportation

COMMERCIAL CREW PROGRAM

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 ISS. Under the CCP's partnership
approach, NASA engineers have insight into a company’s development process and evaluate the 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 to apply their most efficient and effective manufacturing and business operating
techniques throughout the process. Additionally, the companies own and operate their own spacecraft.

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 the development, test, evaluation, and final NASA
certification of a Crew Transportation System. CCtCap contracts include demonstration of crewed ISS
missions and subsequent service missions, assuming sufficient budget and technical progress. 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. Also, the partners will own and operate their completed transportation systems.

Major Contracts/Awards

Element Vendor Location (of work performance)
CCDev2 (follow-on) Blue Origin Kent, WA

CCtCap Boeing Houston, TX

CCiCap (follow-on) Sierra Nevada Louisville, CO

CCtCap SpaceX Hawthorne, CA

Independent Reviews

T e Datt} of Purpose Outcome NexCReyicy
Type Review

Provide independent
Aerospace Safety assessments of safety
Advisory Panel Jan 2022 to the NASA
Administrator

No new formal
recommendations or TBD
findings

Other
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NASA Advisory

Provide independent

No new formal

sustaining operations,
and efforts required
for successful
program
implementation

last year proceeding
towards the
production and test
phase of the program

Other Council Jan 2022 guidance for the recommendations or | Mar 2022
NASA Administrator | findings
Assess funding and While the SRB
schedule reserve . ) .
. identified some risks,
requirements, cost .
effectiveness during issues, and concerns,
it found that the
Standing Review fievelopment and program has made Not currently
Other Board (SRB) Nov 2018 impacts to future good progress in the | scheduled

Historical Performance

The tables below represent historical performance through FY 2021, as of September 30, 2021, and only
includes funded milestones.

SpaceX 40 396.0 40 396 100% 100% | Completed
Orbital 29 288.0 29 288.0 100% 100% | Completed
Rocketplane-

Kistler 15 206.8 3 32.1 20% 16% | Terminated

Sierra Nevada 4 20 4 20 100% 100% | Completed
Boeing 36 18 36 18 100% 100% | Completed
Blue Origin 7 3.7 7 3.7 100% 100% | Completed
Paragon Space

Development

Corporation 5 1.4 5 1.4 100% 100% | Completed
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United Launch
Alliance

6.7

6.7

100%

100%

Completed

Sierra Nevada 13 105.6 13 105.6 100% 100% | Completed
Boeing 15 112.9 15 112.9 100% 100% | Completed
SpaceX 10 75 10 75 100% 100% | Completed
Blue Origin 10 22 10 22 100% 100% | Completed

Sierra Nevada 11 227.5 11 227.5 100% 100% | Completed
Boeing 20 480 20 480 100% 100% | Completed
SpaceX 15 460 15 460 100% 100% | Completed

Boeing

50

2,203.3

41

1,823.7

82%

83%

Active

SpaceX

32

1,230.5

32

1,230.5

100%

100%

Active

* Total Potential Value cited is limited to the design, development, test, and evaluation portion of the contracts.
Excludes post certification mission, special studies milestones, and milestones not deemed a prerequisite for

certification.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027
Space Communications Networks 398.3 393.4 415.0 471.5 492.1 465.2 388.0
Space Communications Support 107.7 129.3 113.4 103.2 101.6 100.3 105.8
Total Budget 506.0 522.6 528.5 574.7 593.6 565.5 493.8
Change from FY 2022 Budget Request 5.9
Percent change from FY 2022 Budget Request 1.1%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y 2022
column reflects the FY 2022 President's Budget Request.

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 International Space Station (ISS) in low-Earth orbit
(LEO), to Voyager 1, which is the most distant manmade
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 determine the
precise location of a satellite so it can control its trajectory
through space, gather valid scientific data, and avoid other spacecraft or space debris.

Deep Space Network 34-meter antenna in
Canberra, Australia.

Without services to move data and commands between spacecraft and Earth, space assets worth tens of
billions of dollars would be little more than orbital debris. SCaN provides secure, reliable, and adaptable
communication services to NASA missions, as well as external customers who rely on space
communications services daily. External customers include 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, along with relay spacecraft
which allow for near real-time, low latency support, including support for human spaceflight operations.
The relay component is comprised of a constellation of Tracking and Data Relay Satellites (TDRS) and
various ground terminals. This allows SCaN to offer 24/7 global telecommunication services via the NSN
for telemetry, tracking, and command of LEO spacecratft.

The NSN supports an extensive and 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
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rates of gigabits per second. The NSN supports users that require low latency global coverage through
TDRS, by utilizing a mix of ground antennas owned by NASA, universities, and private companies to
maximize the network's geographic coverage. Such users include the Hubble Space Telescope and ISS
(for which the NSN provides constant communication), as well as vehicles from international partners and
commercial interests.

SCaN's goal is to migrate the NSN completely 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 demonstrations
managed by the Communications Services Program.

While the NSN primarily supports missions close to the Earth, the Deep Space Network (DSN) is focused
on supporting deep space missions by utilizing its global network of large antenna ground assets. Both
networks will support Commercial Crew providers and Artemis missions. The DSN is a keystone of
NASA's exploration of the solar system. It provides reliable and high-performance telecommunications
and tracking services to planetary missions. This international network of 34-meter and 70-meter antennas
supports interplanetary spacecraft missions and radio and radar astronomy observations for the
exploration of the solar system and the broader universe. Current locations of the three deep space
communications facilities placed approximately 120 degrees of longitude apart around the world are: at
Goldstone, in California's Mojave Desert; near Madrid, Spain; and near Canberra, Australia.

NASA uses the SCaN-provided Goldstone Solar System Radar to track and characterize near-Earth
objects that pass within nine million miles of Earth and to determine their orbits for use by the Science
Mission Directorate’s (SMD) Planetary Science Division in assessing the probability of a possible
collision with Earth. The installation of new radar equipment, planned for completion in FY 2026, will
extend the radar's capability to 42 million miles, which increases the time to develop viable solutions to
avoid orbital collision for planetary defense.

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
Campaign's 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 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. SCaN will
seek to maximize the use of commercial assets and services when implementing these new capabilities.

Space Communications Support provides efficient planning and integration of current and future network
capabilities to meet customer mission needs 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.

Operating in space requires significant national and international coordination. SCaN participates in

several U.S. and international organizations that coordinate compatibility and interoperability in space
communications and navigation. SCaN’s standards development and management activity maintains a
portfolio of international interoperability standards that enable joint space missions with other nations.
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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 initiatives with performance advancements and reduced costs.

Amid soaring demand for wireless broadband, such as 5G mobile services, radio frequency spectrum
management has become increasingly critical to the world’s spacefaring nations. SCaN coordinates
nationally and internationally to protect radio frequencies critical to NASA space and science missions.

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

EXPLANATION OF MAJOR CHANGES IN FY 2023

SCaN is increasing its infrastructure to support human and robotic exploration of the moon, including
providing a lunar relay capability and enhanced position, navigation, and timing.
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FY 2023 Budget

Op Plan Request. Request

Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027

Total Budget 398.3 3934 415.0 471.5 492.1 465.2 388.0
Change from FY 2022 Budget Request 21.6
Percent change from FY 2022 Budget Request 5.5%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

Space Communications Networks provide 24/7, global,
near-Earth and deep space communications capability,
plus tracking and navigation services to more than 100
NASA programs and other U.S. Government,
international civil space agencies, and commercial
missions. This capability ensures reliable and near-
continuous communication with NASA and customer
spacecraft. The SCaN program continuously examines
and integrates commercial capabilities, and services to
meet NASA’s space communications and navigation
requirement.

Deep Space Station 56 (DSS-56) at the Deep
Space Network’s Deep Space Communications
Complex in Madrid, Spain. DSS-56 was
brought online at the DSCC in early 2021 after
beginning construction in 2017.

NASA’s space communications networks provide
ongoing services to Agency and customer missions,
averaging approximately 600 tracking passes per day.
Services are provided to both to new spacecraft that are

increasingly powerful, complex, and capable of acquiring
an increasing amount of mission data, as well as to legacy missions such as the two Voyager spacecraft
launched more than 40 years ago that are still returning valuable science data. Customer missions include
Parker Solar Probe (PSP), Joint Polar Satellite System (JPSS), Interior Exploration using Seismic
Investigations, Geodesy and Heat Transport (InSight), Ice, Cloud and land Elevation Satellite (ICESat-2),
Lucy, Landsat 9, Mars Perseverance, Commercial Crew, and Transiting Exoplanet Survey Satellite
(TESS). NASA would not be able to deliver key science data or advance exploration goals without
SCaN's network capabilities. The networks will support the Artemis Campaign as the Agency aims
toward the goal of landing the first woman and first person of color on the Moon. Human exploration of
the Moon requires communications and navigation to and from the Moon to support video, telemedicine,
and advanced instruments to locate and identify exploitable resources on the Moon, such as subsurface
ice.

The Near Space Network (NSN) will provide near-continuous communication services to users from
ground level up to cislunar distances via commercial and government assets. The NSN enables the
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utilization of a reliable, robust, and cost-effective set of commercial communications services in which
NASA is one of many customers. NSN government assets 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 will act as the Government interface to
commercial service providers located in the United States and internationally. The Commercial Services,
Innovation, and Synergies (CIS) office aids with the infusion of future commercial capabilities and
services into the NSN. A key technology that SCaN is currently developing to support commercialization
is wideband tunable user terminals.

As a part of the NSN, NASA’s Tracking and Data Relay Satellites (TDRS) are a system of Government-
owned, contractor-operated communications satellites in geosynchronous orbit matched with a set of
space-to-ground link terminals located at NASA’s White Sands Complex in New Mexico, Guam, and
Blossom Point, MD. NASA will continue to 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. The NASA-owned ground stations are currently
located at White Sands in New Mexico; U.S. McMurdo Antarctic Station; and Wallops Flight Facility
(WFF) in Wallops Island, VA.

The Deep Space Network (DSN), which has been in operation for more than 50 years, provides reliable,
high performance, and cost-effective communication and tracking services to approximately 40 NASA
and non-NASA missions beyond geosynchronous orbit (i.e., more than 22,000 miles above the Earth’s
surface). 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 that 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 Science Mission
Directorate’s (SMD) 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 to support planetary defense research. In FY 2020, SCaN initiated DSN "Road to
Green" activities to determine the long-term maintenance and network health requirements to 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 (BWG) antennas at each of the three DSN facilities:
California by 2027, Spain by 2026, 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
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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 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. Thus, 70-meter antenna capability
redundancy will be achieved via arraying of 34-meter BWG antennas for signal receipt and via an 80-
kilowatt transmitter on one 34-meter BWG antenna per complex for signal transmission.

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 above 99
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 will continue work on an interoperable lunar relay and network. The network is required to meet all
of the communication and navigation needs for lunar mission 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 antennas, will provide additional
capacity in support of Lunar Exploration and other missions while preserving DSN capacity for Mars and
outer planet missions.

EXPLANATION OF MAJOR CHANGES IN FY 2023

SCaN is increasing its infrastructure to support human and robotic exploration of the moon, including
providing a lunar relay capability and enhanced position, navigation, and timing. Development of
wideband tunable user terminals is being transferred into SCaN Space Communications Networks from
SCaN Space Communications Support as of FY 2022.

ACHIEVEMENTS IN FY 2021

Consistent with prior years' successes, the legacy space communications networks provided
approximately 245,000 tracking passes while maintaining a high level of proficiency, greater than 99
percent. A proficiency of 95 percent is required by the SCaN Program Commitment Agreement. SCaN
Networks will continue providing communications, tracking, and navigation services to more than 100
NASA, U.S. Government, international civil space agencies, and commercial missions at a 95 percent or
higher proficiency rate. This includes providing launch support on human spaceflight, Commercial
Launch Vehicle (CLV), and robotic missions. DSN and ACCESS continued to identify and implement
more advanced and efficient methodologies and processes, as well as upgraded equipment to achieve
improvements over historical operational efficiencies and goals.

SGSS completed Initial Operational Capabilities (IOC) and transition to operations for Main Mission
Antenna-1 (MMA-1), the first operational SGSS terminal. After significant impacts from COVID-19
restrictions, external delays, and operational constraints, SGSS project adjusted the contractor minimum
success criteria to include IOC with Generation-2 TDRS spacecraft and the SGSS required mission set.
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On April 12, 2021, General Dynamics support for IOC testing and operations of SGSS was completed and
transitioned to ACCESS on June 30, 2021. In August, the team successfully completed the first ACCESS
developed and executed SGSS software delivery. The Minimum IOC, completed in September of 2021,
characterized the preliminary capabilities of the SGSS system by supporting a subset of legacy user
missions.

NSN continued Ka-band upgrades by installing the WGS5 antenna reflector lift and installation at WFF.
All four antenna system installations were completed for the NSN Initiative for Ka-band Advancement
(NIKA) effort. The NIKA tri-band antennas will support the NASA and Indian Space Research
Organization Synthetic Aperture Radar (NISAR) and Plankton Aerosol and Ocean cloud Ecosystem
(PACE) satellites, with extremely high-resolution imagery at an estimated 35 terabytes of data
downloaded per day.

NSN successfully supported the launch of the SpaceX Inspiration 4 mission in September 2021, a fully
commercial crewed mission, and provided communications and tracking support to Inspiration 4 through
splash down.

SCaN implemented Delay Tolerant Networking (DTN) operations in support of future missions, including
the Artemis Campaign. DTN completed phase one IOC in spring 2021. The phase two cislunar operating
capability was successfully completed in summer 2021.

In FY 2021, SCaN completed the DSN "Road to Green" study to determine the long-term maintenance
and network health requirements to ensure reliability and meet future Agency needs. The study assessed
the current state of the network, evaluated operational risks and budget requirements, and aimed to
address the findings and recommendations in the 2020 Office of Inspector General (OIG) report "NASA’s
Planetary Science Portfolio." SCaN submitted a formal response to the OIG. The DSN Road to Green
initiative will execute results from the DSN study.

DAEP successfully delivered Deep Space Station (DSS)-56 to operations at Madrid Deep Space
Communications Complex (MDSCC) on January 21, 2021, with a virtual ribbon cutting ceremony held
on January 22, 2021. DSS-53 major construction at MDSSC has been completed and the antenna
completed integration and testing (I&T) activities in Q1 FY 2022. DSS-53 is scheduled for delivery to
operations in Q2 of FY 2022. During Q2 FY 2021, contracts were awarded, and site preparations began
for DSS-23 at the Goldstone Deep Space Communications Complex (GDSCC).

In support of the acquisition of Lunar Communications Relay and Navigation Services, SCaN released a
Request for Information from potential commercial service vendors in October 2020. Responses were
received from 32 companies. In September 2021, SCaN released a Sources Sought Notice for commercial
direct-to-Earth (DTE) and lunar relay services in preparation for a planned solicitation for these services.
Responses were received from 34 companies. A specification for Lunar Communications and Navigation
Interoperability was drafted by SCaN and shared with the commercial and international community.

SCaN and the Communications Services Program are transitioning NASA's future near-Earth missions
towards the use of commercial space relay services. SCaN completed a ground-based demonstration of a
prototype RF wideband terminal with Inmarsat, O3b, and TDRS services. The terminal will be able to
support low-latency space relay links across NASA, commercial, and DoD assets. It will also provide
future NASA near-Earth missions capability to roam and utilize commercial relay services.
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Interoperability prevents single service provider lock-in and increases the overall robustness and
reliability of communication services for end users.

WORK IN PROGRESS IN FY 2022

Consistent with prior years' successes, SCaN Networks will continue to provide communications,
tracking, and navigation services to more than 100 NASA, U.S. Government, international civil space
agencies, and commercial missions at a 95 percent or higher proficiency rate.

NSN will complete the transition of SGSS to Operations. NSN continues to modernize and upgrade
facilities, such as the Second TDRS Ground Terminal (STGT) water system at White Sands Complex
with ORR scheduled for March 2022. NSN will also continue development of a conceptual design
approach for sustainment activities to improve system reliability and operational efficiency.

NSN will execute an implementation plan to fully commercialize the DTE communications services for
LEO customers. NASA will be able to better leverage the evolving capabilities of the private sector while
still ensuring reliable support of user communication and navigation requirements through a robust,
interoperable, and comprehensive network.

NSN continues progress for Ka-band Advancement (NIKA) effort with level 5 Test Readiness Review
(L5 TRR) and Normal Operations Readiness Review (NORR) planned for Q2/Q3 FY 2022 to meet
mission launch readiness dates for NISAR and Plankton.

DSN will complete DSS-35 BWG antennas emergency repair work at the Canberra Deep Space
Communications Complex (CDSCC) and return the antenna to service. Additional repairs are planned for
DSS-26 at the Goldstone Deep Space Communications Complex (GDSCC) for the BWG TXR Servo
Obsolescence which will induce a downtime until Q2 of FY 2023. DSN began a DSS-65 downtime
maintenance period in late FY 2021 at MDSCC and will return to service in early FY 2022.

DSN will complete installation of a badge reader access control replacement system at the Goldstone
Deep Space Communications Complex (GDSCC) in Q2 FY 2022. The badge replacement system will
improve physical security at the main gate and Venus, Apollo, and Mars sites. The new system will bring
GDSCC security at the designated sites into compliance with Enterprise Physical Access Control system
(EPACS).

At MDSCC, DAEP will successfully deliver DSS-53 to operations in Q2. DSS-23 radio frequency (RF)
optical pedestal construction and antenna erection will begin, and the facilities contract will be awarded in
FY 2022. DSS-54 facilities contract will also be awarded in Q3/4 of FY 2022. DSS-13 7-segment testing
to be completed at JPL and ready to ship to DSS-13 facilities at GDSCC by Q2/Q3 of FY 2022.

The DSN and NSN will continue network upgrades in support of lunar missions as human and robotic
exploration of the Moon will require extensive communications to and from the Moon including support
for video, telemedicine, and advanced instruments. The DSN Lunar Exploration Upgrades (DLEU) effort
provides capability upgrades to the DSN 34-meter subnet to support enhanced communications
requirements for Artemis. Specifically, two antennas per complex will have K-band (22.5 GHz) uplinks
and will support 20 Mbps data rates. Downlink processing will be upgraded through the use of improved
decoding for error-correcting code and a low latency processing capacity of 150 Mbps. These new
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capabilities will allow real-time video from the Moon. In FY 2022 near-Earth K-band installation will be
completed for one 34-meter antenna in Canberra and one 34-meter antenna in Madrid. The DLEU task
started compatibility testing with Gateway in early FY 2022.

In April 2021, preliminary requirements were defined at the LEGS System Requirements Review (SRR)
Tabletop, and pre-Phase A tri-band antenna technical interchange meetings were conducted with potential
vendors. The Preliminary Design Review (PDR) project milestone for LEGS is scheduled for Q4 FY 2022
which will serve as a technical assessment on the baseline system operational functionality.

SCaN completed an Agency-level Acquisition Strategy Meeting (ASM) in November 2021 for Lunar
relay capabilities. NASA plans to release a DTE and Lunar Relay Services Request for Proposals (RFP) in
the second quarter of FY 2022 with awards planned for the summer of 2022. In parallel, SCaN will
continue collaboration with the European Space Agency and other potential international partners to
pursue cooperative efforts toward lunar communications and navigation capabilities. SCaN has prepared a
draft document to define interoperability standards for a cooperative lunar network and is working with
international partners and private companies to reach a consensus on a baseline standards document.
SCaN also completed a reference design for a lunar relay satellite concept as background for the
commercial service procurement and international collaboration.

After completing successful ground-based demonstrations of a wideband multilingual RF terminal in

FY 2021, SCaN will initiate work on a flight demonstration to prove that interoperable SATCOM services
are an achievable end and operational concept for future NASA users. The Wideband flight terminal
demonstration will initiate work and complete a CDR in FY 2022.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

SCaN Networks will continue to provide communications, tracking, and navigation services to more than
100 NASA, U.S. Government, international civil space agencies, and commercial missions at a 95 percent
or higher proficiency rate.

Site preparation will begin for DSS-33 at the CDSCC. Facilities installations and the reflector lift will be
completed for DSS-23 at MDSCC. The DSS-23 upgrades will support the Psyche/DSOC mission and
other optical communication demonstration opportunities. DLEU upgrades will also continue with two
more antennas completing the K-band installation.

DSS-54 site excavation at MDSCC is scheduled to be completed in Q3 FY 2023 in support of the DAEP
DSS-54 pedestal rehab plan. Excavation completion by Q3 FY 2023 will facilitate antenna operational
readiness by Q4 2026.

Scheduled completion of an upgraded fencing system at the Apollo GDSCC site is planned for Q3

FY 2023. The fencing upgrade will significantly improve security measures at the GDSCC location and
will complement additional security improvements planned on site in the FY 2022, including EPACS
compliant badging system upgrade.

LEGS will provide a dedicated new set of antennas designed to support lunar missions, to help alleviate
the user load on the current 34-meter subnet, to allow DSN to focus on deep space support. A decision to
incorporate tri-band antennas into LEGS sites 2 and 3 will be made based on study results. SCaN will also
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continue work on an interoperable lunar relay and network. The awards in summer 2022 will define the
detailed milestones planned for FY 2023 including the beginning of validation for commercial lunar relay
services.

The Operational Readiness Review (ORR) for the Orion Artemis-II Optical Ground Segment (O20GS) at
the White Sands Complex is scheduled for Q4 FY 2023. The ORR is one of the final milestones for
020GS and successful completion of the ORR will determine that O20GS is ready to be placed in an
operational status. This ensures that all system and support hardware, software, personnel, procedures,
and user documentation accurately reflect the deployed state of the system and are in place to support
launch operations of Artemis II.

The Laser Communications Relay Demonstration (LCRD) is scheduled to complete its experimental
phase in Q2 FY 2023. The experimental phase will demonstrate unique capabilities of optical
communications, which include bandwidth increases of 10 to 100 times more than radio frequency
systems. After the experimental phase is completed, LCRD will transition to NSN for operations.

SCaN's Wideband demonstration will complete selection of a commercial satellite smallsat bus provider
and operator, a terminal integration review, and initiate final integration and testing in FY 2023.

Project Schedule
The table below includes significant SCaN network milestones in FY 2022 and FY 2023.

Date Significant Event

Q1 FY 2022 DLEU Compeatibility Testing with Gateway

Q1 FY 2022 DAEP 7-Segment Testing at JPL

Q2 FY 2022 DSN GDSCC Badge System Upgrade

Q2 FY 2022 DAEP DSS-53 Operational

Q2 FY 2022 NSN NIKA Level 5 Test Readiness Review (TRR)

Q2 FY 2022 NSN Lunar Relay Services and DTE RFP

Q3 FY 2022 NIKA NORR

Q3 FY 2022 LEGS Preliminary Design Review (PDR)

Q3 FY 2022 DAEP DSS-54 Facilities Contract Award

Q4 FY 2022 DSN BWG Servo Obsolescence 1st Installation DSS-26 Begins
Q1 FY 2023 DSN GDSCC Apollo Fence Completion

Q2 FY 2023 LCRD Begins Transition to NSN

Q3 FY 2023 DAEP DSS-54 Excavation Completion

Q4 FY 2023 Orion Artemis-II Optical Ground Segment (O20GS) Operational Readiness Review (ORR)
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Project Management & Commitments

Change from
Element Description Provider Details Formulation
Agreement
ACCESS provides the project
management and subject matter
expertise required to operate,
maintain, and sustain assigned Provider: ACCESS Project Office
Government Owned / antractor Lead Center: Goddard Space Flight
Operated ground- and flight-based | -~ tor (GSFC)
ACCESS systems and assigned facilities in . N/A
order to provide NASA, other Performing Center(s): N/A
Government agencies, and partners | Cost Share Partner(s): Non-NASA
optimal communications and customers
navigation mission services
through its alignment to and
interfaces with the NSN.
NSN provides the project
management and subject matter
expertise required to provide . .
cofltinuous EEO comIr)nunication Provider: NSN Project Office
services to users via commercial Lead Center: GSFC
NSN and Government assets and Performing Center(s): N/A N/A
providers. NS,N o Cost Share Partner(s): Non-NASA
Government interface to the
. . . customers
commercial service providers
located in the U.S. and
internationally.
CIS functionally will provide
project management leadership and
subject matter expertise required to | Provider: CIS Project Office
¥deI.1tt1tf.y opp'ortulmtles,t extend Lead Center: GSEC
invitations, implemen .
S collaborative solutions, and nurture Performing Center: N/A N/A
diverse relationships in order to Cost Sharing Partner(s): Non-NASA
leverage commercial capabilities customers
across the space communications
industry.
Provider: DSN Project Office
. L Lead Center: Jet Propulsion
DSN pl‘.OVIdGS communication and Laboratory (JPL)
DSN navigation services to customer . N/A
missions in deep space. Performing Center(s): N/A
Cost Share Partner(s): Non-NASA
customers
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SGSS

ground terminals.

Replace outdated and deteriorating | Lead Center: GSFC
ground systems at Space Network | Performing Center(s): N/A

Cost Share Partner(s): Non-NASA
U.S. Government partners

Provider: SGSS Project Office

N/A

Acquisition Strateqy

The major acquisitions for the operational networks are in place. NASA uses reimbursable, international,
and barter agreements, as well as competitive procurements. NASA’s JPL provides the management of
the DSN. The Communications Services Program (CSP) is conducting pilot efforts for commercial
communications services for NASA's near-Earth missions. If these pilots are completed successfully,
subsequent operational services would be transitioned from CSP to SCaN. SCaN is also preparing a
solicitation for Lunar communication and navigation services in direct support of Artemis.

MAJOR CONTRACTS/AWARDS

DSN

JPL/California Institute of Technology

Pasadena, CA

Peraton

Herndon, VA

INDEPENDENT REVIEWS

SCaN

Program
Implementation
Review with focus on
FY 2021 interdependencies,
implementation
planning, and risk gaps
or shortfalls.

Standing Review
Board

Success criteria met;
major strengths,
observations, concerns,

and issues were identified

FY 2026
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Operations

FY 2023 Budget

Op Plan Request. Request

Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027

Total Budget 107.7 129.3 113.4 103.2 101.6 100.3 105.8
Change from FY 2022 Budget Request -15.9
Percent change from FY 2022 Budget Request -12.3%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y 2022
column reflects the FY 2022 President's Budget Request.

The Laser Communications Relay
Demonstration payload, shown here in the
clean room at GSFC, was hosted and flown on
a U.S. Space Force technology satellite in
December 2021. LCRD will be communicating
with two dedicated optical ground stations in
California and Hawaii and eventually with a
test payload on ISS.

The Space Communications Support project supports
NASA and the Space Communications and Navigation
(SCaN) program through communications and navigation
planning, management, and technology development.

Evolving space communication systems will transform
future NASA mission capabilities. SCaN’s technology
development effort invests in leading-edge
communications technologies that will enable, improve,
and mature available spacecraft communication and
navigation technologies for both ground and space-based
use. Technology items are created and tested in laboratory
settings before they are taken into space for further testing.
Demonstrable technologies have proven themselves in
laboratory tests and have begun experimentation and
testing in space. Key technologies that SCaN is currently
developing include cognitive networking and software-
defined radios for use with commercial satellite
communication (SATCOM) providers. These technologies
will demonstrate use of a common radio to provide cross-
service support for NASA, commercial, and Department
of Defense (DoD) networks.

Another key space communications technology is optical (i.e., near-infrared laser) communications. Laser
communication is highly efficient compared to radio frequency. Transmitting a 30-centimeter resolution
map of the entire Martian surface (at one bit/pixel) would take current radiofrequency (RF) systems two
years, while a laser communications system operating at projected capacity would be able to complete
transmission in nine weeks, a nearly 12 times reduction in task time. NASA's Space Technology Mission
Directorate (STMD) and SCaN jointly developed the Laser Communications Relay Demonstration
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(LCRD), with SCaN funding the ground operations and STMD funding the spacecraft payload. LCRD
will be NASA's first long duration optical communications project and will demonstrate a set of
technologies that could be used on future missions. Other LEO optical technology demonstrations
include: an optical user terminal called the Integrated LCRD Low-Earth Orbit User Modem and Amplifier
Terminal (ILLUMA-T), that will fly on ISS and communicate to the LCRD relay, demonstrating a 1.244
gigabits per second relay link in 2023; Optical-to-Orion (020), a terminal on the Orion spacecraft that
will provide 260 megabits per second of bandwidth, a rate not available with the current Orion
communications system; and the TeraByte InfraRed Delivery (TBIRD), a CubeSat payload capable of
delivering 200 gigabits per second from LEO to Earth. The TBIRD payload technology is based on 1550
nanometer wavelength commercial components used for terrestrial fiberoptic connections.

Deep Space Optical Communications (DSOC) is another critical technology being developed through a
joint SCaN/STMD collaboration. DSOC will conduct optical communications from deep space,
demonstrating key capabilities related to pointing accuracy and implementation of the High Photon
Efficiency signaling standard. SCaN sponsors the ground network, including the five-kilowatt uplink
beacon at the JPL Table Mountain facility and a superconducting single-photon-sensitive nanowire
detector and real-time receiver at the Palomar Observatory in California. DSOC is currently on track to be
integrated onto the Psyche planetary science mission, scheduled to launch in FY 2022.

SCaN continues to invest in the Deep Space Atomic Clock (DSAC) technology to mature designs for
future mission use. DSAC technology allows a spacecraft to calculate its own timing and navigation data
in real-time. With existing technology, a spacecraft can navigate autonomously to the top of the Martian
atmosphere with uncertainty of one to two kilometers. It is expected that DSAC will enhance deep space
navigation and reduce positional uncertainty to 100 meters, an improvement factor of 10 to 20 over
today's capabilities, which will save fuel and enable more accurate scientific measurements. DSAC's
improved long-term stability will also enhance on-board, autonomous navigation for future robotic and
crewed missions, and enable investigations of fundamental physics (e.g., relativity). Further, DSAC's
long-term stability will reduce network operations costs for tracking data collection by enabling one-way
metric tracking. This allows a single antenna to service multiple DSAC-using spacecraft at common
locations in the sky (e.g., Mars).

SCaN is researching opportunities to leverage investments, experience, and accomplishments from optical
communications to build foundational capabilities needed for future spaced-based quantum
communications and networking.

SCaN is an active member of multiple international organizations (e.g., Interagency Operations Advisory
Group [IOAG], Consultative Committee for Space Data Systems [CCSDS]) that coordinate space
communications and navigation compatibility and interoperability, as well as the development of
communications and data systems standards for spaceflight. Space communications data standards enable
the world space agencies and industry to interoperate and provide communications and/or backup
communications services with each other, reducing mission risk and reducing or eliminating the need to
build and deploy their own space and ground assets. These standards provide significant cost savings to
NASA without reducing services or coverage to space missions and serve as a compatibility and
interoperability guide for industry.
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Electromagnetic spectrum is a valuable and limited natural resource that all NASA missions and most
operations require for communications, navigation, remote sensing, and data services in the areas of Earth
science, space science, human space exploration, and acronautical research. All forms of wireless
communication systems used by the Federal Government or by commercial entities use the
electromagnetic spectrum. Therefore, spectrum use must be carefully coordinated. SCaN is responsible
for ensuring access to the portions of the electromagnetic spectrum necessary to support NASA's mission
needs. This responsibility includes ensuring interference-free operations and bandwidth availability.
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 (IRAC) at the National Telecommunications and Information Administration
(NTIA) within the Department of Commerce. Internationally, SCaN participates as NASA's
representative at multiple technical forums, the most important of which are the World
Radiocommunication Conferences (WRCs), which convene every three to four years and include
delegates from more than 150 nations. NASA's delegates play leading roles in several key WRC working
groups and regional committees throughout the year. Among the purposes of these conferences is to
review and revise the International Telecommunication Union's Radio Regulations, which govern the
international use of the electromagnetic spectrum. In both the domestic and international arenas, NASA
continues to engage with the commercial sector to identify more flexibility in the use of 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 Global
Navigation Satellite System (GNSS) signals for precision positioning, navigation, and timing (PNT),
allowing NASA to minimize the network tracking burdens while maximizing spacecraft autonomy and
improving operations. In 2019, the NASA Magnetospheric Multiscale (MMS) mission validated the use
of GPS signals up to half the distance from Earth to the Moon, and SCaN is now leading NASA efforts on
the Lunar GNSS Receiver Flight Experiment (LuGRE) on Blue Ghost-1 (Commercial Lunar Payload
Services Mission 19D), scheduled for launch in 2023, to validate the use of GPS and Galileo throughout
cislunar space and on the nearside of the Moon. SCaN is collaborating with SMD to furnish a Laser
Retro-Reflector to the ESA (European Space Agency) Lunar Pathfinder orbiter, for launch in 2024, to
enable combined GPS-Galileo and optical laser measurements to tie the Earth and Moon reference frames
and improve navigation in Lunar Space. SCaN is also leading efforts to validate multi-GNSS use to
support range safety, including the Space Loft 15 integrated GNSS - Autonomous Flight Termination
System (AFTS) flight experiment scheduled for launch in April 2022. SCaN also manages NASA’s policy
on GPS use, represents NASA at the U.S. PNT Executive Committee, works with the U.S. Space Force to
continue improving GPS capabilities to support space users, and leads U.S. efforts at the United Nations
International Committee on GNSS (ICG) to develop interoperable multi-GNSS capabilities to support
space users. Another key role is working with other U.S. departments and agencies in mitigating threats to
the GPS spectrum, and protecting GPS users from data-spoofing (GPS cybersecurity). SCaN manages two
National Advisory Boards, the National Space-Based PNT Advisory Board and the National Space
Council (NSpC) Users' Advisory Group (UAG). SCaN continues in its role, first established in 2007 as
providing the Designated Federal Official (DFO) and Executive Director of the National Space-Based
PNT Advisory Board, which reports to the National Space-Based PNT Executive Committee (EXCOM),
which in turn is co-chaired by the Deputy Secretaries of Defense and Transportation. Since 2019, SCaN
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has provided the DFO and Executive Secretary of the NSpC UAG. The UAG reports to the Executive
Secretary of the NSpC. The NSpC itself is chaired by the Vice President of the United States.

EXPLANATION OF MAJOR CHANGES IN FY 2023

The development of wideband tunable user terminals is being transferred from SCaN Space
Communications Support to SCaN Networks.

ACHIEVEMENTS IN FY 2021

LCRD Operational Readiness Review (ORR) was completed in May 2021. The LCRD Optical Ground
Station (LOGS), which supports high-bandwidth bi-directional GEO-ground optical completed testing and
development and became operational in FY 2021. NASA's LCRD launched December 7, 2021.

ILLUMA-T will demonstrate optical communications operations of a user terminal on ISS and Earth
using LCRD as the relay. All component hardware was delivered by Q2 FY 2021. Integration and testing
of the electro-optical components on the Flight Sled structure began Q3 FY 2021 at Massachusetts
Institute of Technology Lincoln Laboratory (MIT-LL). The integrated terminal is scheduled for delivery
in Q1 FY 2022 to Goddard Space Flight Center (GSFC) for final environmental testing prior to shipment
to KSC in Q3 FY 2022.

The Modem Module for O20 completed thermal vacuum testing in May 2021 prior to delivery to MIT-
LL. 020 successfully completed both a pre-environmental review in August 2021 and payload assembly
in November 2021.

TBIRD will demonstrate a new approach for large volume data delivery of 5-10 terabytes per day from
LEO to a single low-cost optical ground station. TBIRD will enable an optical communications capability
that is more compact and less expensive than existing optical communications technologies. TBIRD
completed payload integration and testing in August 2021.

SCaN began the integration and test of the DSOC Ground Laser Transmitter and Ground Laser Receiver.
SCaN continues efforts to mature DSAC technologies and improve hardware designs.

SCaN completed preliminary assessment of the Technology Readiness Level (TRL) and risk levels of
space and ground-based technologies and continued to mature key quantum technologies.

Through participation in the IOAG and CCSDS, SCaN will continue international coordination of space
communication and navigation compatibility and interoperability, as well as the development of
internationally interoperable space communication and data system standards. NASA missions use
internationally interoperable standards to lower the life cycle costs and risks and provide innovative
capabilities for current and future missions. Key progress is planned for optical and space internetworking
standards. The IOAG will coordinate with other parts of NASA, industry, and international partners on
space communications and navigation requirements.
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SCaN represented NASA at the 15th session of the International Committee on Global Navigation
Satellite Systems (ICG). NASA co-chairs the WG-B Space Use SubGroup (SUSG), which presented two
formal deliverables: the second edition of the GNSS Space Service Volume (SSV) booklet (update
including the latest constellation data from all providers and adding real-world GNSS space user flight
experiences), and a companion SSV outreach video. Both deliverables were developed to convey the
significant improvements afforded by use of a multi-GNSS SSV and benefits it can provide.

WORK IN PROGRESS IN FY 2022

In November 2021, LCRD passed Key Decision Point (KDP)-E. SCaN will begin LCRD payload
operations and management of experiments, including an experiment to verify collection of metric
tracking data from optical links (termed Optimetrics) during the two-year experiment period. SCaN will
operate and maintain the LCRD payload through the LCRD Mission Operations Center (LMOC) through
the prime demonstration operations period of two years post launch.

The 020 payload was completed in November 2021 and integration into the spacecraft will begin no
earlier than July 2022. In addition, SCaN has been developing a Ground Terminal (GT) as an element of
the O20 Artemis II to prepare for operations at the Optical Communication Telescope Laboratory at the
Table Mountain Observatory, which is scheduled to complete integration and testing in Q1 of FY 2023.
The GT will support the Orion space terminal with a minimum downlink data rate of approximately 80
megabits per second and an uplink data rate of approximately 20 megabits per second.

TBIRD launch is currently scheduled for FY 2022. This will demonstrate a low-cost burst data delivery
architecture and protocols, leveraging high-rate commercial off the shelf telecom equipment for 200
gigabits per second data delivery in a CubeSat form-factor. TBIRD will demonstrate optical high data-rate
capabilities designed for small payloads, i.e., a 200 gigabits per second package that is <3U, that require
reduced size, weight, and power (SWaP).

NASA will complete the DSOC ORR prior to Psyche's launch, which is currently scheduled for late
FY 2022.

DSAC follow-on technology maturation will leverage progress of the TRL-7 DSAC technology
demonstration mission and data collected from its second year of flight operation to design a
commercially manufacturable version of the clock in a reduced SWaP form-factor suitable for a wide-
range of space missions. SCaN will continue quantum entanglement pre-formulation and technology
maturation focused on ground-based research and development.

NASA will leverage the Navigator weak-signal tracking GPS receiver technology to develop a small
form-factor, multi-GNSS receiver (e.g., GPS/Galileo) for use in cislunar and lunar space and complete
TRL-6 testing in FY 2022. This will provide reliable, real-time, autonomous, onboard navigation and
timing for cislunar and lunar users by leveraging the always-on GNSS assets in orbit around the Earth.
This receiver will reduce the tracking burden on Earth-based networks, which are a finite resource, for
cislunar and lunar users, and serve as a significant risk reduction for commercial user operations. SCaN is
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also leading NASA's effort, in partnership with the Italian Space Agency and the ESA to conduct flight
experiments of combined GPS-Galileo receivers at lunar distance.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

NASA will launch the ILLUMA-T optical demonstration payload to ISS in FY 2023. This will
demonstrate data transfer between low-Earth orbit and the ground through a geosynchronous relay
(LCRD). SCaN will continue LCRD payload operations and management of experiments through
FY 2023 and into FY 2024.

The 020 payload is scheduled to complete all Ground Readiness Tests (GRTs) and Mission Readiness
Tests (MRTs) by the end of Q1 FY 2023. The payload will launch aboard the Artemis II mission in
FY 2024. The O20 Ground Terminal at Table Mountain will hold its Operational Readiness Review in
Q1 FY 2023 and will be ready to support the Artemis II launch in 2024.

DSOC will enter its Phase E in FY 2023 and complete operations for technology demonstration.

The Blue Ghost-1 lunar lander, which carries the LuGRE GPS-Galileo flight experiment as one of its ten
payloads, is scheduled for launch in FY 2023. This experiment will validate the use of GPS and Galileo
signals for positioning, navigation, and timing, at lunar distance.

Project Schedule
The table below includes significant Space Communication Support milestones in FY 2022 and FY 2023.

Date Significant Event

FY 2022 TBIRD Launch

QI FY 2022 LCRD Launch

Q3 FY 2022 Space Loft 15 Launch (sounding rocket with GNSS-AFTS flight experiment)
Q3 FY 2022 ILLUMA-T Testing and Integration Complete

Q3 FY 2022 DSOC ORR

Q4 FY 2022 020 Delivery to KSC

Q2 FY 2023 ILLUMA-T Launch

Q3 FY 2023 Blue Ghost-1 (CLPS Mission 19D) Launch (w/ LuGRE payload)
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Operations

Project Management & Commitments

The SCaN program office at NASA Headquarters manages Space Communications Support functions.

Space
Communications
Support

Provides critical communication
and navigation architecture
planning, systems engineering,
technology development, standards
development and management,
spectrum management, and policy
and strategic communications for
NASA.

Provider: NASA

Responsible Center: Headquarters
(HQ)

N/A

Acquisition Strateqy

Space Communications Support functions use multiple small, contracted efforts, most of which are

support services functions.

MAJOR CONTRACTS/AWARDS

None.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Total Budget 97.8 101.8 101.5 103.7 104.3 104.3 104.3
Change from FY 2022 Budget Request -0.3
Percent change from FY 2022 Budget Request -0.3%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

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 International Space
Station (ISS). 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) element provides astronaut selection
and space flight readiness training and the Crew Health
and Safety (CHS) element manages all aspects of astronaut
crew health.

The Artemis IV Orion heat shield skin is
offloaded from the Aero Spacelines Super To pave the way to the Moon and on to Mars, NASA is
Guppy to the K Loader at Moffett Federal working with industry to develop the transportation,
Airfield on November 9, 2021 habitation, and exploration systems that will enable

crewed 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 will arise and need
investigating.

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?

o How will they deal with medical emergencies or technical anomalies when Earth is no longer within
reach?

CHS, in collaboration with NASA’s Office of Chief Health and Medical Officer (OCHMO) 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.

EXPLANATION OF MAJOR CHANGES IN FY 2023

None.
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ACHIEVEMENTS IN FY 2021

SFCO provided trained astronauts for NASA human space flight efforts, including for Expeditions 64 and
65. The selection process for the 2021 Astronaut Candidate (ASCAN) class completed with formal
announcement in December 2021 of 10 ASCANSs. SFCO reviewed crew training requirements for
Artemis missions to identify efficiencies and ways to acquire the needed operational and decision -
making skills in a real-time environment.

SFCO continued to operate and maintain the T-38 high-performance jets for crew space flight readiness
training; Gulfstream aircraft for support of direct crew return after completion of ISS Expeditions as well
as mission critical training events due to COVID commercial flying restrictions. Operated and maintained
the Super Guppy aircraft transporting oversized cargo for Artemis III and IV Heat Shields and SLS
Structural Test Article (Multi-Purpose Crew Vehicle Stage Adapter), and other NASA programs.

CHS maintained the Astronaut Occupational Health Program that includes clinical certification for 45
active NASA astronauts and health and fitness through training, flight, and post mission recovery. CHS
implemented the TREAT (To Research, Evaluate, Assess, and Treat) Astronauts Act including enhanced
behavioral health and medical data collection, and instituted the TREAT Astronauts Act Board, which
assists in determining whether medical conditions are associated with spaceflight. CHS continued
development of the occupational surveillance program for current and former astronauts, ensuring the
unique Artemis Campaign spaceflight exposures are considered and will be accounted for in future
surveillance programs.

To support ISS mission increments, CHS provided preflight training, medical and behavioral health
management, physical conditioning, radiation exposure reports, and baseline occupational surveillance, as
well as supported medical risk modeling through Probabilistic Risk Assessment tools. For NASA's
Artemis, Gateway, and Lunar mission architecture and vehicles, CHS provided analysis and technical
expertise to requirements and operational concept development. CHS also medically monitored and
supported astronaut training activities for ISS EVAs and Exploration Extravehicular Mobility Unit
(xEMU) development. CHS also provided medical and behavioral screening expertise to SFCO in support
of the 2022 ASCAN selection.

Data obtained under the TREAT Astronauts Act, as well as all CHS activities, was added into 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. IMPALA continued to improve NASA's access to astronaut medical data to inform
programmatic decisions, and CHS delivered the IMPALA Data Catalog to enhance NASA's
understanding of the data available within IMPALA. CHS delivered 7 IMPALA data systems required for
the evaluation of human system risks to enable lunar and Mars missions. Due to the pandemic, CHS
realized the need for in-house COVID testing and obtained an in-house testing capability for SARS-CoV-
2 (COVID-19).

WORK IN PROGRESS IN FY 2022

SFCO will direct and manage the astronaut corps and provide trained astronauts for NASA human space
flight efforts, including for Expeditions 66 and 67 and the first test flight of the Boeing Starliner on the
Crewed Flight Test (CFT) mission. 2021 ASCAN class will report for training to begin a two-year
training flow. In addition, SFCO will assign astronauts to be the Artemis II crew and they will begin
training for the mission.
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SFCO will continue to operate and maintain the T-38 high-performance jets in support of space flight
readiness training, Gulfstream aircraft for support of direct crew return after completion of ISS
Expeditions and CFT, and Super Guppy aircraft for transporting oversized cargo for NASA's programs.
SFCO will complete the process for Super Guppy replacement aircraft.

CHS will maintain the Astronaut Occupational Health program that includes clinical certification for 55
active astronauts and health and fitness through training, flight, and post mission recovery. CHS will
continue to implement all aspects of the TREAT (To Research, Evaluate, Assess, and Treat) Astronauts
Act including enhanced behavioral health and medical data collection, and support the TREAT
Astronauts Act Board, which assists in determining whether medical conditions are associated with
spaceflight. CHS will continue development of the occupational surveillance program for current and
former astronauts, ensuring the unique Artemis Campaign spaceflight exposures are considered and
accounted for in the future surveillance program.

To support ISS mission increments, CHS will provide preflight training, medical and behavioral health
management, physical conditioning, radiation exposure reports and baseline occupational surveillance,
and support medical risk modeling through Probabilistic Risk Assessment tools. For NASA's Artemis,
Gateway, and Lunar mission architecture and vehicles, CHS continues to provide analysis and technical
expertise to requirements and operational concept development. CHS will medically monitor and support
astronaut training activities for ISS EVAs and Exploration Extravehicular Mobility Unit (xEMU)
development. CHS will provide the recently selected ASCANS training in fundamentals of expeditionary
skills and competencies and individual coaching on the development of these competencies over the
course of their training.

Data obtained under the TREAT Astronauts Act, as well as all CHS activities, will continue to be added
into 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. IMPALA will continue to improve NASA's access to astronaut medical data to inform
programmatic decisions, and CHS will maintain and update the IMPALA Data Catalog to enhance the
community's understanding of the data available within IMPALA. CHS will develop additional IMPALA
data systems required for the evaluation of human system risks to enable lunar and Mars missions. CHS
will continue to maintain and provide an in-house testing capability for SARS-CoV-2 (COVID-19) and
restart the Lifetime Surveillance of Astronaut Health (LSAH) exams which were suspended due to the
pandemic.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

SFCO will direct and manage the astronaut corps and provide trained astronauts for NASA human space
flight efforts, including for Expedition 68 and 69. SFCO is targeting to select and begin new astronaut
training for the 2023 ASCAN class.

SFCO will continue to operate and maintain the T-38 high performance jets in support of space flight
readiness training, Gulfstream aircraft for support of direct crew return after completion of ISS
Expeditions, and transportation of oversized cargo with the Super Guppy replacement aircraft for NASA's
programs.

CHS will maintain the Astronaut Occupational Health program that includes clinical certification for 55
active astronauts and health and fitness through training, flight, and post mission recovery. CHS will
continue to implement all aspects of the TREAT (To Research, Evaluate, Assess, and Treat) Astronauts
Act including enhanced behavioral health and medical data collection, and support the TREAT
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Astronauts Act Board. CHS will finalize the occupational surveillance program for current and former
astronauts, ensuring the unique Artemis Campaign spaceflight exposures are accounted for in the future
surveillance program.

To support ISS mission increments, CHS will provide preflight training, medical and behavioral health
management, physical conditioning, radiation exposure reports and baseline occupational surveillance,
and support medical risk modeling through Probabilistic Risk Assessment tools. For NASA's Artemis,
Gateway, and Lunar mission architecture and vehicles, CHS will provide analysis and technical expertise
to requirements and operational concept development and support these programs with Probabilistic Risk
Assessment tools designed for exploration objectives. CHS will medically monitor and support astronaut
training activities for ISS EVAs and Exploration Extravehicular Mobility Unit (XEMU) development, and
training for up to 2 NASA astronauts for lunar surface EVAs. CHS will continue to provide ASCANs
(selected in FY 2022) training in fundamentals of expeditionary skills and competencies and individual
coaching on the development of these competencies over the course of their training. CHS will also
provide medical and behavioral screening expertise to SFCO in support of the 2024 Astronaut Candidate
selection.

Data obtained under the TREAT Astronauts Act as well as all CHS activities, will continue to be added
into 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. IMPALA will continue to improve NASA's access to astronaut medical data to inform
programmatic decisions, and CHS will maintain and update the IMPALA Data Catalog to enhance the
community's understanding of the data available within IMPALA. CHS will develop additional IMPALA
data systems required for the evaluation of human system risks to enable lunar and Mars missions. CHS
will begin transition to operations of IMPACT (Informing Mission Planning via Analysis of Complex
Tradespaces) to support medical risk modeling through Probabilistic Risk Assessment for exploration
missions and programs. Pending the future state of the pandemic, CHS will continue to maintain and
provide an in-house testing capability for SARS-CoV-2 (COVID-19) and continue the Lifetime
Surveillance of Astronaut Health (LSAH) exams with the goal of obtaining a 75 percent participation rate.

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 Johnson Space Center (JSC) aircraft fleet,
including the T-38 high-performance aircraft, Gulfstream aircraft, and Super Guppy transport 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.
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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 a high-performance
aircraft.

CREW HEALTH AND SAFETY (CHS)

CHS enables healthy and productive crew during all phases of spaceflight missions, implements a
comprehensive 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
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 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 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 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.
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Program Schedule

FY 2022 Restart the annual Lifetime Surveillance of Astronaut Health (LSAH) exams
(suspended due to Covid-19) with the goal of reaching 75 percent of former astronauts
FY 2022 Train ASCANS selected in FY 2022

Program Management & Commitments

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

Acquisition Strateqy

The section below identifies the current contract(s) 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

KBR

Houston, TX
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INDEPENDENT REVIEWS

Review Date of Next
Performer . Purpose Outcome .
Type Review Review
1 NCRE st | R commeniay
potential central Report 25: Potential Phase 11
completed
Performance | NCRP ggtl) 6 nervous system (CNS) gegltter:ﬁ I};Iiesrljsous P
effects from radiation y . November
. Following Space 4.2019
exposure during space . )
. Radiation Exposure
activities.
Assessment of Report - Space
National Oct Strategies for Radiation and
Academies of 2020 - Managing Cancer Astronaut Health:
Performance | Sciences, Au Risks Associated with | Managing and 2026
Engineering, > OZgl Radiation Exposure Communicating Cancer
and Medicine During Crewed Space | Risks (Published
Missions August 2021)
To prepare a
commentary that . Report: Evaluation of
evaluates sex-specific .
. . . Sex-Specific
National differences in lung . .
. .. Differences in Lung
Council on cancer radiation risks .. .
.. . Cancer Radiation Risks
Radiation January | and assesses their use .
Performance . . and Recommendations 2027
Protection 2022 in transfer models and .
p s . for Use in Transfer and
(NCRP) and lifetime risk .
. . Projection Models
Measurements projections, with L. .
. (Anticipate publication
accompanying )
- in June 2022
recommendations for
NASA.
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FY 2023 Budget

Op Plan Request. Request

Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027

Total Budget 115.0 130.2 151.2 151.2 152.0 147.0 147.1
Change from FY 2022 Budget Request 21.0
Percent change from FY 2022 Budget Request 16.1%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

Sending astronauts into space involves a
multitude of complicated systems, but perhaps
the most complex is the human system — human
health, human factors (i.e., how crews interact
with their environment, including the spacecraft,
habitat, and systems during missions), and the
crew interactions. While NASA has more than
50 years of crew experience in low-Earth orbit
(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

i L s o G

NASA astronaut Kate Rubins, the first to se(jue}lce

Deoxyribonucleic acid (DNA) in space, eventually
sequenced more than 2 billion base pairs of DNA during
Expedition 48. During Expedition 64, Rubins conducted

understanding and mitigating the highest risks to
astronaut health and performance to ensure
crews remain healthy and productive during

new DNA sequencing. long-duration missions beyond LEO.

As NASA prepares to conduct crewed missions via the Artemis campaign to cislunar space and the lunar
surface, HRP is developing the scientific and technological capabilities to support these exploration
missions. In support of the risk reduction strategy for human space exploration contained in the 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.
Current research on the International Space Station (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 Chief Health and Medical Officer (OCHMO) and the Crew Health and Safety
(CHS) and Spaceflight Crew Operations (SFCO) offices to research these issues and answer other
questions to ensure crew health, safety, and mission success. SFCO and CHS are responsible for astronaut
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training, readiness, and health, while HRP funds research development on human health and performance
countermeasures, knowledge, and technologies that enable safe, reliable, and productive human space
exploration.

Space poses significant health risks for crewmembers, including the possibility of long-term 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. HRP is working with
the Exploration Capabilities (EC), CHS, and Orion teams on both in-mission and post-mission
countermeasures, medical treatment capabilities to maximize crew health and performance, and
rehabilitation protocols to minimize residual impacts on the crew, to minimize exposures, and to provide
radiation protection. The collaborative efforts involve defining permissible exposure limits, requirements
for real-time medical response, optimized mission architectures, biomedical monitoring, and potential
drug or nutritional countermeasures, as well as incorporating post-mission health surveillance to ensure
that crewmembers can safely live and work in space without exceeding acceptable health risks.

In collaboration with other Federal agencies, such as the Department of Defense (DoD), the Department
of Energy (DOE), the National Science Foundation (NSF), the Department of Health and Human Services
(HHS), and the National Institutes of Health (NIH), HRP supports human research to increase NASA's
understanding of the effects of spaceflight on human physiological systems, behavioral responses to
isolation and confinement, and space radiation health effects. This knowledge enables 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.

EXPLANATION OF MAJOR CHANGES IN FY 2023

HRP's budget was increased to enable additional studies in support of the Artemis campaign.

ACHIEVEMENTS IN FY 2021

HRP continued to work on the highest human health and performance risk areas associated with human
space exploration missions. To support this work, HRP released NASA research solicitations to the
national biomedical research community to better address the exploration spaceflight health, performance,
and space radiation risks.

HRP continued implementing a research plan that fully utilized the ISS biomedical research capabilities to
collect a set of core measurements related to many human spaceflight risks, study the effects of diet
quality on immune regulation, and assess the performance capabilities of deconditioned crew. HRP
collaborated with CHS on ISS studies related to visual impairment, carbon dioxide analysis, and exercise
systems; leveraged resources and expertise through collaborative research with other NASA programs,
international partners, and other U.S. agencies (e.g., DoD, DOE, NSF, HHS, NIH).

HRP implemented an ISS research plan that fully utilized the ISS biomedical research capabilities to test
mitigation approaches and validate countermeasures including the following: 1) technology demonstration
of hardware to differentiate and count white blood cells in microgravity; 2) assessment of astronauts’
post-landing functional capacity; 3) researching the effects of diet quality on immune regulation, profile
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of the gut microbiota, and nutritional biomarkers and metabolites; and 4) HRP-sponsored rodent study to
determine whether microgravity alters the structure and function of the ocular vasculature in mice.

In support of exploration medical capabilities, HRP continued to develop an improved trade study
evaluation and research prioritization tool suite to provide a data-driven means to inform human health
and performance risk mitigation interests during resource-constrained exploration mission
development. HRP evaluated a commercial-off-the-shelf flow cytometer device on ISS to determine
whether the spaceflight environment affects its operation. HRP also continued to develop a clinical
decision support system, which will help crews assess and diagnose conditions, determine appropriate
responses, and guide treatment.

HRP and Deutsches Zentrum fiir Luft- und Raumfahrt (German Space Agency - DLR) finalized
preparations for a bed rest study to assess the effectiveness of different countermeasures to mitigate the
Spaceflight Associated Neuro-ocular Syndrome (SANS) symptoms observed in prior bedrest studies using
the DLR: envihab facility.

In understanding the behavioral and physiological health challenges associated with isolation and
confinement, HRP continued implementing collaborative NASA/NSF human health and performance
studies on the effects of remote location, extreme isolation, and confinement during winter-over missions
in Antarctica using the NSF polar stations. Other behavioral analogs were delayed to FY 2022 due to
COVID-19.

In support of Artemis and future exploration missions, HRP met with all the Program Managers of
Artemis-related activities to discuss areas where HRP could reduce risk or provide additional trade space
for these developments. HRP initiated at least one project with each Program that were specifically
requested by those Programs. Examples include validating requirements for Orion's waste management
system, evaluating different carbon dioxide (CO2) levels for contingency surface Extravehicular Activity
(EVA) scenarios, development of a Gateway Crew Health and Performance System, and autonomy
standards for the new Lunar Terrain Vehicle (LTV) project. Further, HRP continued to work with
Gateway and Artemis on planning its first human research payloads for the initial Artemis missions to
Gateway and the lunar surface. HRP integrated all international partner human research payloads for the
initial Gateway missions.

Through HRP's Translational Research Institute for Space Health (TRISH) cooperative agreement, HRP
has begun to build relationships with entities involved in commercial spaceflight. HRP funded research
(via TRISH) was accomplished on SpaceX's Inspiration4 mission. This set the precedent for commercial
spaceflight missions in the future to include human research opportunities for its customers. TRISH has
made agreements that will enable human research with commercial partners such as SpaceX, Blue Origin,
Sierra Space, Space Adventures, and Axiom.

HRP continued to work on the highest human health and performance risk areas associated with human
space exploration missions. To support this work, HRP released 18 NASA research solicitations and
directed studies to the national biomedical research community to better address the exploration
spaceflight health, performance, and space radiation risks.
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WORK IN PROGRESS IN FY 2022

HRP will implement an ISS flight research plan critical to mitigating crew health and performance risks
for Artemis missions that includes the following: ISS Standard Measures Project to capture a core set of
physiological and performance measures from crew members to accurately characterize the adaptive
responses to long-duration spaceflight and monitor the effectiveness of countermeasures; a microbial risk
assessment study to ensure crew safety and allow increased dependence on bioregenerative food systems;
a study to analyze the relationship between the increased microbial virulence and reduced human immune
function commonly observed during orbital spaceflight; and a technology demonstration of the tHEALTH
ONE system which will establish if this technology can identify and analyze biomarkers, cells,
microorganisms, and proteins in the spaceflight environment. HRP also plans to implement an ISS
research project to characterize the time courses of physiological and psychological measures on missions
up to one year in duration to understand the impact to human health and performance during future long-
duration planetary missions. This project will be known as CIPHER - Complement of Integrated Protocols
for Human Exploration Research.

HRP and DLR will implement a bed rest study to assess the effectiveness of different countermeasures to
mitigate the SANS symptoms observed in prior bedrest studies using the DLR: envihab facility. During
the new campaign, the subjects will evaluate the effectiveness of lower body negative pressure (LBNP),
thigh cuffs and exercise as countermeasures. Investigators will compare subjects with head-down bed rest
or seated only to subjects experiencing head-down bedrest in combination with countermeasures on
aspects such as ocular measures, cerebral measures, cognition, neuroimaging, and structural and
functional Magnetic Resonance Imaging (MRI).

HRP is committed to understanding the behavioral and physiological health challenges associated with
isolation and confinement, and therefore, the program will continue the 45-day Human Exploration
Research Analog (HERA) studies at Johnson Space Center (JSC). In addition, the Scientific International
Research in Unique Terrestrial Station (SIRIUS) 21 mission provides the environment for crew members
to further conduct behavioral experiments on behalf of nearly 70 different researchers from around the
world, including eight studies funded by HRP over the course of an 8-month mission spent isolated in the
Nezemnyy Eksperimental’nyy Kompleks (NEK) facility.

HRP will leverage resources through multiple research partnerships, including advanced food and
nutrition studies with DOD, behavioral and physiological studies during winter over campaign at NSF
polar facilities, isolation and confinement studies with Russia, bed rest studies at the DLR: envihab
facility, and develop joint flight research and data sharing with international partners.

HRP also engages in research to support future Artemis missions by working closely with the Artemis
Campaign, OCHMO and Flight Operations Directorate to understand high priority human health and
performance areas where HRP can contribute research to reduce those Programs' risk posture. HRP will
continue to refine its initial Artemis payload planning as those missions evolve. HRP will continue to
define its strategic research needs on the Artemis platform in collaboration with SOMD/ESDMD and
AES SE&I organizations.

Through HRP's TRISH cooperative agreement, HRP will continue to foster and grow commercial
spaceflight's ability to support human research activities. For all commercial spaceflight opportunities that
are orbital, TRISH plans a suite of experiments to set a precedent for those companies to be able to offer
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those experiences to their customers. Strategically, this will likely open up additional subjects and
platforms to help HRP accelerate its research goals.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

HRP is developing Informing Mission Planning via Analysis of Complex Trade spaces (IMPACT) to
assist SOMD/ESDMD and OCHMO/HMTA in understanding the impacts of mission design and vehicle
resource allocation on medical risk for long duration lunar missions via the Artemis Campaign. IMPACT
is an integrated computational tool suite used by ground personnel to perform complex trade space
analysis and enable decision-making about medical system design and content. It also maps potential
medical systems against Model-Based Systems Engineering (MBSE) medical system requirements to
enable informed trades between them. IMPACT supports data-driven and evidence-based decision-
making throughout the entire mission life-cycle and it is a significant evolution from the current
Integrated Medical Model (IMM) used for ISS/LEO medical kit decision making.

HRP intends to characterize the relationship between the headward fluid (blood, interstitial, cerebrospinal)
shift and structural and functional changes observed in the eye and brain of ISS astronauts, a condition
referred to as SANS. Over 70 percent of ISS astronauts exhibit signs of SANS during or after ISS
missions, including optic disc edema, choroidal folds and increased brain ventricle volumes. While vision
is correctable to 20/20 inflight, the long-term health consequences of chronic exposure to optic disc
edema or enlarged brain ventricles are unknown and may be of consequence. The primary hypothesis for
these morphological changes is the sustained headward fluid shift that all astronauts experience, although
it is unclear why not all crew experience the same magnitude of change. Characterization of the
relationship between SANS and these headward fluid shifts will help drive countermeasure development
(i.e., lower body negative pressure or venoconstrictive thigh cuffs to reverse the fluid shift).

HRP will conduct a ground study to characterize the limit of acceptable performance (physical and
cognitive) decrements and symptom severity for mission operations when subjected to elevated inspired
CO2 levels (up to 30 mmHg). Inspiring elevated partial pressures of CO2 can cause both physical and
cognitive decrements. The task will qualitatively evaluate the severity of symptoms if they occur, whether
symptoms require walk-back termination, and the timeline for resolution of those symptoms across a
range of inspired CO2 levels. This information will be vital for vehicle and suit design for upcoming
exploration missions, and these results will be used to inform a new NASA standard as well as
Exploration Extravehicular Mobility Unit (xEMU) requirements for suited contingency inspired CO2
levels.

HRP will conduct a study of astronauts within two hours, and in the hours and days upon their return to
Earth to evaluate functional performance. Measurable performance parameters such as the ability to
perform a seated egress, recover from a fall, and other performance tasks will be used to establish a
sensorimotor time constant for the recovery from observed decrements. Results of this study will identify
sensorimotor changes as the result of long duration spaceflight and allow individually tailored
interventions to prevent injury when ground personnel cannot assist flight crews.
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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 in the
future due to communication lag-time associated with the distance between Earth and deep space.
Therefore, crew 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 the 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 the 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 safely live and work in a space radiation environment. Space radiation researchers
develop the knowledge base necessary to determine the biological effects of space radiation. This
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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 (ROI)
element plans, integrates, and implements HRP-approved biomedical flight experiments on the ISS, as
well as research studies that use ground-based spaceflight analog facilities to accomplish program
objectives. These experiments and studies pertain to pre- and post-flight activities, and the program
objectives include coordinating flight or ground resources with our international partners, maintaining the
Human Research Facility (HRF) 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 in Germany and Russia.

MATURATION AND INTEGRATION OFFICE

In FY 2021, HRP stood up this new office. The Maturation and Integration Office (MIO) has the
responsibility for coordinating the Human Research Program's 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 Campaign, and the
Flight Operations Directorate (FOD) 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.
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Program Schedule

Date Significant Event

Feb 2022 2021 Human Exploration Research Opportunity (HERO) NASA Research Announcement
Selections

Mar 2022 Release 2022 HERO NASA Research Announcement

Mar 2022 Deliver Artemis II Payload Science Plans

Mar 2023 Deliver Artemis III Payload Science Plans

Apr 2023 SANS Fluid Shift Hypothesis Characterized

Program Management & Commitments

The program office is located at JSC with support from Ames Research Center (ARC), Glenn Research
Center (GRC), Langley Research Center (LaRC), and Kennedy Space Center (KSC).

The SOMD/ESDMD Associate Administrator delegated the authority, responsibility, and accountability
of HRP management to the Human Spaceflight Capabilities Division at NASA Headquarters. Working
closely with the Office of the Chief Scientist and the OCHMO, the Division establishes the overall
direction, scope, budget, and resource allocation for the program, which the NASA centers then

implement.

Program Element

Provider

Exploration Medical
Capability

Provider: JSC

Lead Center: JSC

Performing Center(s): GRC, ARC, and LaRC
Cost Share Partner(s): N/A

Human Health
Countermeasures

Provider: JSC

Lead Center: JSC

Performing Center(s): ARC and GRC
Cost Share Partner(s): N/A

Human Factors and
Behavioral Performance

Provider: JSC

Lead Center: JSC

Performing Center(s): ARC, GRC, and KSC
Cost Share Partner(s): N/A

Space Radiation

Provider: JSC

Lead Center: JSC
Performing Center(s): LaRC
Cost Share Partner(s): N/A
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Program Element Provider

Provider: JSC

Research Operations and Lead Center: JSC
Integration Performing Center(s): N/A
Cost Share Partner(s): N/A

Provider: JSC

Maturation and Integration | Lead Center: JSC
Office (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 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 plans to release the HERO umbrella NASA Research Announcement (NRA) that will request
research proposals across all its research elements throughout the year. This NRA provides opportunities
for universities, other Government agencies, and industry researchers from across the Nation to develop
high NASA 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

. Deutsches Zentrum fiir Luft- und . S,
Research Operations and Raumfahrt (German Space Agency - Envihab facility in Cologne,

Integration DLR) Germany

Space Radiation United States Department of Energy Brookhaven National Laboratory
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INDEPENDENT REVIEWS

Independent Review of program Verify adherence to

Quality Program Jun 2019 management policies | NASA program Jul 2024
Assessment and practices. management policies.

Quality Peer Review Panel | Feb 2021 Peer review of NRA. | Selected grantees Feb 2022
National Council on Sex-differences in Reduced
Radiation Lung Cancer uncertainties and

Quality Protection and Jan 2022 Radiation Risks for improved information | TBD
Measurements use in Project for cancer risk
(NCRP) Models. projections.
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FY 2023 Budget

Op Plan Request
FY 2021 FY 2022 FY 2023

Budget Authority (in $ millions)

Request
FY 2024 FY 2025 FY 2026 FY 2027

Total Budget 91.9 102.7 93.9 94.3 94.8 94.8 94.9
Change from FY 2022 Budget Request -8.8
Percent change from FY 2022 Budget Request -8.6%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

An Atlas V rocket (shown here) lifts off from Space
Launch Complex 41 at Cape Canaveral Space Force
Station in Florida on October 16, 2021, at 5:34 a.m.

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.

The 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, certifying new commercial launch
vehicles for readiness to fly high-value spacecraft,
performing mission design and launch integration
activities, and directing launch mission assurance

EDT, carrying NASA's Lucy spacecraft.

efforts to ensure the greatest probability of launch
mission success. 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 (CRS), Commercial Crew Program
(CCP), and programs supporting the Artemis Campaign. LSP also provides launch advisory support to
NASA payload missions using launch services through other Government agencies, the launch industry,
or contributed by a foreign partner.

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 the 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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EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

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 two science missions, as shown in the table below. In addition,
Virgin Orbit successfully launched 10 NASA CubeSats to low-Earth orbit on the LauncherOne launch
vehicle (the second mission under the original Venture Class Launch Services (VCLS) contract) on
January 17, 2021.

Launch Launch

Date/Location Vehicle Payload Customer Mission Objectives

To measure sea surface topography with

Nov 2020 NASA high-accuracy and reliability to support
Falcon 9 Sentinel 6 Science ocean forecasting systems, environmental
Vandenberg Full Michael Mission monitoring. and climate monitoring. The
Space Force Thrust Freilich Directorate mission provides continuity of the TOPEX
Base, CA (SMD) and JASON missions and improvements in

instrument performance and coverage.

Landsat-9 is the latest satellite in the

Sep 2021 Landsat series, following its predecessor
(Landsat-8). Landsat-9 will carry two
Vandenberg Atlas V Landsat-9 NASA SMD science instruments that will continue the

Space Force

Program's observation of the Earth's land
Base, CA

surface to reduce the build time and risk of
a gap in observations.

LSP acquired new launch services for three future missions through competitively awarded launch service
task orders:

Launch Launch

Date/Location Vehicle Payload Customer Mission Objectives

Geostationary Operational Environmental
Satellite-U (GOES-U) will provide

Apr 2024 advanced imagery and atmospheric
Falcon GOES-U NOAA measurements of Earth’s weather, oceans,
Eentnedigsp ace Heavy and environment, as well as real-time
enter,

mapping of total lightning activity and
improved monitoring of solar activity and
space weather.
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Launch Launch

Date/Location Vehicle Payload Customer Mission Objectives

Spectro-Photometer for the History of the
Universe, Epoch of Reionization, and Ices

Explorer (SPHEREX) is an astrophysics
Jun 2024 S .
Falcon 9 mission to survey the sky in the near-
Vandenberg Full SPHEREx | NASA SMD | infrared light, which, though not visible to
Space Force Thrust the human eye, serves as a powerful tool for
Base, CA answering cosmic questions involving the
birth of the universe, and the subsequent
development of galaxies.
NASA Power and Propulsion Element (PPE) and
. Habitation and Logistics Outpost (HALO)
Exploration .
Nov 2024 Systems are the foundational elements of the
Falcon PPE + Development Gateway. As the first long-term orbiting
Kennedy Space Heavy HALO velop outpost around the Moon, the Gateway is
Center, FL Mission L . .
’ . critical to supporting sustainable astronaut
Directorate . > :
(ESDMD) missions under the Agency’s Artemis

Campaign.

* Launch Dates shown in this table correspond to launch dates listed as Management Agreements elsewhere in this
document.

LSP continued partnering with several universities 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. To date,
CubeSats have been selected from 42 states, the District of Columbia, and Puerto Rico, with 124 missions
launched and 38 manifested on NASA, National Reconnaissance Office, U.S. Air Force, and commercial
missions. In FY 2021, 20 CSLI CubeSat missions were launched. In addition to awarding VCLS and
CSLI contracts, NASA also awarded two other one-off contracts for Time-Resolved Observations of
Precipitation structure and storm Intensity with a Constellation of Smallsats (TROPICS) and Europa
Clipper missions. TROPICS, a small class mission requiring six CubeSats to be placed in three different
operational orbits, was awarded to Astra Space, Inc. for a Rocket 3 launch service. Europa Clipper, a
planetary science flagship mission in the intermediate/heavy class, was awarded to Space-X for a Falcon
Heavy launch service.

In December 2020, Blue Origin’s New Glenn launch service was successfully on-ramped to the NASA
Launch Services (NLS) II contract. In April 2021, United Launch Services (ULS) successfully on-ramped
their Vulcan Centaur launch vehicle. Both launch vehicles were on-ramped as part of the ninth NLS II on-
ramp activity. During this on-ramp solicitation process, Northrop Grumman Innovation Systems (NGIS)
initially submitted a proposal to on-ramp their OmegA launch vehicle but withdrew their proposal once
they decided to terminate the OmegA program. ULS also formally notified NASA LSP of their intention
to off-ramp their Delta [V-Medium and Delta [V-Heavy launch vehicles. This off-ramp has been
completed and therefore Delta IV-Medium and Delta [V-Heavy are no longer on the NLS II contract. In
August 2021, ULA publicly announced that they had sold out their entire remaining inventory of Atlas V
launch vehicles and would no longer be offering the Atlas V for future acquisitions. The 2022 NLS II on-
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ramp activity is scheduled to commence in early 2022. 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 needs to be demolished at NASA's cost). A
contract was awarded by the 30th 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 known as the United States Space Force) in May 2019.

WORK IN PROGRESS IN FY 2022

LSP will continue mission design and launch integration support to over 70 missions in various stages of
development. In addition to launch preparation activities for one mission that will launch in FY 2023, the
current manifest for FY 2022 shows LSP will manage and conduct launch activities for six NASA
missions contracted under NLS II, in addition to the TROPICS and the Cislunar Autonomous Positioning
System Technology Operations and Navigation Experiment (CAPSTONE) CubeSat missions which were
contracted outside of NLS II to meet the special needs of those missions. CAPSTONE will serve as a
pathfinder for the lunar spaceship Gateway, a key component of NASA’s Artemis Campaign.

Launch Launch ore Qorer's]
Date/Location Vehicle Payload Customer Mission Objectives
Oct 2021 A planned NASA space probe that will tour

five Jupiter trojans, asteroids which share
Cape Canaveral Atlas V Lucy NASA SMD | Jupiter's orbit around the Sun, orbiting either
Space Force ahead of or behind the planet, and one main
Station, FL belt asteroid.

Demonstrates kinetic impactor technology
Nov 2021

Falcon 9 2;1:(1)? d impacting an asteroid to adjust its speed and
Vandenberg Full Redirection NASA SMD | path. DART will be the first-ever space
Space Force Thrust mission to demonstrate asteroid deflection by
Base, CA Test (DART) kinetic impactor.
Imaging X- Exploits the polarization state of light from
Dec 2021 Falcon 9 ray ging astrophysical sources to provide insight into
. our understanding of X-ray production in

Kennedy Space Full Polarimetry NASA SMD objects (c.g. neu%ron s tarsy;)ulsar wind
Center, FL Thrust ﬁ);g%r)er nebulae), as well as stellar and supermassive

black holes.
Mar 2022 GOES-T is the third of the GOES series next
Cape Canaveral R generation of weather satellites operated by
Space Force Atlas V.| GOES-T NASA SMD | NOAA that will extend the availability of the

p ) :

Station, FL GOES satellite system until 2036.
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Launch Launch

Date/Location Vehicle Payload Customer Mission Objectives

The CubeSats, each the size of a shoebox,
will provide rapid-refresh microwave
measurements that can be used to determine

Mar 2022 - May temperature, pressure, and humidity inside
2022 (31in 120 hurricanes as they form and evolve. The
days) Rocket 3 TROPICS NASA SMD TROP.ICS missioq’s high-revisit imaging and
Cape Canaveral sounding observations are enabled by

Space Force microwave technology developed at the
Station, FL Massachusetts Institute of Technology’s

Lincoln Laboratory. These observations will
profoundly improve scientists' understanding
of processes driving high-impact storms.

Psyche is a NASA interplanetary mission to
Aug 2022 Falcon Psvehe/Janus visit the main belt asteroid "16 Psyche". The
Kennedy Space 4 NASA SMD | Spacecraft will take four years and one Mars

Center, FL Heavy (2nd) flyby to reach the asteroid, which is
comprised mostly of iron and nickel.
Joint Polar
Satellite
(SJyPséesl;l_z/ JPSS-2 is a continuation of the JPSS series of
Sep 2022 Low-Earth satellites that will capture precise
Vandenberg S observations of the world’s atmosphere, land,
Atlas V Orbit Flight NASA SMD . .
Space Force and waters, and provide data that inform
. Test of an n-day forecasts and extreme weather
Base, CA Inflatable seve y forecasts extreme weathe
events.
Decelerator
(LOFTID)
(2nd)

* Launch Dates shown in this table correspond to launch dates listed as Management Agreements elsewhere in this
document.

LSP will continue to actively acquire new launch services for future NASA missions.

All three missions awarded under VCLS Demo 2 are planned for launch in FY 2022, as shown in the
table below. The VCLS Demo 2 contracts awarded two types of missions which are referred to in the
contract as a Mission One and a Mission Two. Mission One is for a dedicated launch service for CubeSats
that includes a single launch with a delivery of 30 kg payload mass to 500 km at an inclination between
40-60 degrees. Mission Two is for a single launch service with CubeSats as the primary payload. Mission
Two includes a single launch with a delivery of a Constellation A (75 kg payload mass) and a
Constellation B (20 kg payload mass) to 550 km and includes a minimum 10-degree plane change
between constellations. The VCLS Demo 2 companies and their respective awarded missions are: Astra
Space Inc. of Alameda, California (Mission One); Relativity Space Inc. of Long Beach, California
(Mission One); and Firefly Black LLC of Cedar Park, Texas (Mission Two).
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Launch Launch Yot S
Date/Location* Vehicle Payload Customer Mission Objectives
Dec 2021 VCLS Demo 2 NASA. one A dem(.)nst.ration flight to
Astra (Mission One: STEM, hool determine if new small

Cape Canaveral | gpace, Inc. ' and mu?fi (1)60 ’ launch vehicles can deliver
Air Force Station, Rocket 3 30kg payl.oad? SOQ km _ up NASA payloads to orbit at a
FL @ 41 deg inclination) | universities fixed price.

VCLS Demo 2

Mission Two: (1) 75 i i
NLT June2022 | oo 1(<g payload M NASA, one ? ?em‘.’n“.rf“on ﬂ‘ghltl to
. ’ etermine if new sma

Vandenberg Air | Black LLC | 550 km SSO :gfﬁfuifih?;l’ launch vehicles can deliver
Force Base, CA Alpha (2) 20 kg to 550 km ¢ multip NASA payloads to orbit at a
(SLC-2) g universities .

SSO w/ min 10-degree fixed price.

plane change)
Sep 2022 o VCLS Demo 2 NASA. one A dem(.)nst.ration flight to

Relativity (Mission One: STEM’ hool determine if new small

Cape Canaveral Space Inc $810 “ and m T; (1)0 ’ launch vehicles can deliver
Air Foree Station, | 30 kg payload, 500 km ¢ mutipie NASA payloads to orbit at a
FL (SLC-16) @ 41 deg inclination) | universities fixed price.

* Launch Dates shown in this table correspond to launch dates listed as Management Agreements elsewhere in this
document.

NASA has also selected 12 companies to provide launch services under the Venture-Class Acquisitions of
Dedicated and Rideshare (VADR) contract. This contract will enable regular, competitive acquisition of
commercial launch services for small payloads, such as those successfully demonstrated through the
VCLS contracts. The VADR contract was awarded in FY 2022 and will provide a broad range of Federal
Aviation Administration (FAA)-licensed commercial launch services capable of delivering payloads
ranging from CubeSats to Class D missions to a variety of orbits. Firm-fixed-price task orders will be
issued to provide the launch services under these contracts for NASA and NASA-sponsored missions.
Launches under the VADR contract will align with commercial practices, using less NASA oversight to
achieve lower launch costs. Award selections are:

ABL Space Systems of El Segundo, California;

Astra Space Inc. of Alameda, California;

Blue Origin Florida LLC of Merritt Island, Florida;

L2 Solutions LLC of Houston;

Northrop Grumman Systems Corporation of Chandler, Arizona;
Phantom Space Corporation of Tucson, Arizona;

Relativity Space Inc. of Long Beach, California;

Rocket Lab USA Inc. of Long Beach, California;

Spaceflight Inc. of Seattle;

Space Exploration Technologies Corp. (SpaceX) of Hawthorne, California;
United Launch Services LLC of Centennial, Colorado; and
Virgin Orbit LLC of Long Beach, California.
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LSP will continue to provide advisory support, expertise, and knowledge to NASA programs and work
towards certifying new commercial launch vehicles to launch high-value payloads. Certification activities
are ongoing with ULS' Vulcan, SpaceX's Falcon Heavy, and Alpha's Firefly launch vehicles. Planning
activities for certification of Blue Origin's New Glenn launch vehicle is also in work.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

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 NASA Launch Services contracts, launch mission assurance, mission design, and launch
integration support to scientific spacecraft missions in various development phases. The current manifest
for FY 2023 shows LSP will manage and conduct launch activities for one NASA mission contracted
under NLS IL

Launch Launch . . . .
Date/Location®* | Vehicle Payload Customer | Mission Objectives
NASA
SMD;
Surface Water | o 0o | SWOT will collect detailed
Nov 2022 and Ocean . :
Falcon 9 T caph National measurements of how water bodies on
VAFB opography D'Etudes | Earth change over time.
(SWOT) .
Spatiales
(CNES)

*FY 2023 Launch Dates shown in this table correspond to launch dates listed as Management Agreements
elsewhere in this document.

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 the:

Gateway;

ISS Cargo Resupply Service missions;

Commercial Crew Program; and

NASA-Indian Space Research Organization Synthetic Aperture Radar (NISAR) missions.
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Program Management & Commitments

Program Element Provider

Provider: ULS, NGIS (formerly Orbital ATK), SpaceX, Rocket Lab USA,
' ' Virgin Orbit
Commercial Launch Vehicle Lead Center: Kennedy Space Center (KSC)
(CLV) Launch 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, known as 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, 2025. To ensure active competition for NASA
customers and encourage new launch capability development through these long-term contracts, NASA
provides annual 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 is being 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. Twelve companies were also selected to provide launch services under the VADR contract,
which will have a five-year ordering period with a maximum total value of $300 million across all
Indefinite Delivery/Indefinite Quantity contracts. The acquisition also includes a special on-ramp
provision to enable additional providers and incumbents to submit proposals introducing launch services
for new capabilities not available or identified at the time of the initial contract award.

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 (PPF)
contracts are up for recompete. The East Coast Commercial Payload Processing Contract-4 (ECCPP-4)
was awarded in April 2017 and the period of performance ends in April 2022. The West Coast
Commercial Payload Processing Contract-3 (WCCPP-3) solicitation was cancelled. LSP is currently
awarding mission specific PPF contracts for those on the West coast.
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MAJOR CONTRACTS/AWARDS

Location (of work

Element Vendor
performance)
Kent, WA
NASA Launch Services II-Blue Blue Origin Kennedy Space
Center, FL
NASA Launch Services-1I-O Northrop Grumman Systems Corporation (NGSC) | Dulles, VA
NASA Launch Services-II-S SpaceX Hawthorne, CA
NASA Launch Services-II-U ULS, LLC Centennial, CO

East Coast Commercial Payload
Processing-4

Astrotech Space Operations

Titusville, FL

West Coast Commercial Payload
Processing-Landsat 9 and JPSS-2

L3Harris Technologies, Inc.

Vandenberg Space
Force Base, CA

Expendable Launch Vehicle
Integrated Support (ELVIS) 3

a.i. Solutions, Inc.

Lanham, MD

Kennedy Space
Center, FL

Cape Canaveral
Space Force Station,
FL

Vandenberg Space
Force Base, CA

Time-Resolved Observations of
Precipitation structure and storm
Intensity with a Constellation of
Smallsats (TROPICS) Launch
Services

Astra Space Inc.

Alameda, CA

Europa Clipper Launch Services

SpaceX

Hawthorne, CA

Venture Class Demonstration 2
(VCLS Demo 2)

Astra Space Inc.
Relativity Space Inc.
Firefly Aerospace

Alameda, CA
Long Beach, CA
Cedar Park, TX
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Venture-Class Acquisitions of
Dedicated and Rideshare (VADR)

ABL Space Systems
Astra Space Inc.

Blue Origin Florida LLC
L2 Solutions LLC

Northrop Grumman Systems Corporation

Phantom Space Corporation
Relativity Space Inc.
Rocket Lab USA Inc.
Spaceflight Inc.

Space Exploration Technologies Corp. (SpaceX)

United Launch Services LLC
Virgin Orbit LLC

El Segundo, CA
Alameda, CA
Merritt Island, FL
Houston, TX

Chandler, AZ
Tucson, AZ
Long Beach, CA
Long Beach, CA
Seattle, WA

Hawthorne, CA
Centennial, CO
Long Beach, CA

INDEPENDENT REVIEWS

Program
Implementation
Review (PIR)

Standing . NASA’s core competency,

. Life Cycle . .
Review May 2014 Review demonstrating exceptional
Board (SRB) performance with a 97.4 percent

The SRB found LSP is a successful
program with a strong technical and
management team representing

FY 2024*

launch success record. The SRB
recommended continuation of LSP
operations as currently performed.

*The FY 2024 milestone for LSP will be assessed by the Space Operations Mission Directorate (SOMD) Associate
Administrator, and a determination will be made as to whether a PIR is required or if it can be delayed another five
vears. The FY 2024 milestone is also subject to change depending on LSP's manifest/launch schedule for that year.

Historical Performance

LSP managed CLV Missions from inception (1998) through FY 2021:

—_
—_
(=]

Athena Lockheed Martin/Alliant Techsystems
Atlas ITTA Lockheed Martin 5 5
Atlas ITAS Lockheed Martin
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Lockheed Martin 12 12 0
Atlas V

ULS 8 8 0

Boeing Launch Services 20 20 0
Delta IT

ULS 15 15 0

Boeing Launch Services 3 3 0
Delta IT H

ULS 4 4 0
Delta IVH ULS 1 1 0
Falcon 9 v1.1 Space X Launch Services 1 1 0
Falcon 9 FT Space X Launch Services 3 3 0
Pegasus Hybrid Northrup Grumman (formerly OSC) 1 1 0
Pegasus XL Northrup Grumman (formerly OSC) 15 15 0
Taurus XL Northrup Grumman (formerly OSC) 2 0 2
Titan I1 Lockheed Martin 3 3 0
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 47.6 47.8 48.2 48.5 48.7 48.8 48.8
Change from FY 2022 Budget Request 0.4
Percent change from FY 2022 Budget Request 0.8%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y 2022
column reflects the FY 2022 President's Budget Request.

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
Teams from NASA’s Space Launch System testing rocket engines and components under controlled
(SLS) Program conducted a successful hot conditions. This test infrastructure includes facilities located
fire of the Artemis I core stage at NASA’s across the United States, and the program provides a single-
VS:E?CEI:SS&ZEE tg:nlggrb;nt;lel;i_czk;e“ Stand, entr?/ point for any user of NASA rocket test s‘Fands. RPT
Propulsion Test Program. 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 (NRPTGQG), an inter-agency collaboration with the Department of Defense (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 (RCC). The RPT Program Manager serves as a
co-chair of the NRPTA Senior Steering Group and appoints NASA’s group chair. The group chair
position is a rotational appointment which alternates with the DoD, and the NASA chair is chosen from
primary center representatives of RPT’s management board.
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For more information, go to: https://rpt.nasa.gov/

EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

RPT provided propulsion data to validate baseline designs, increase confidence in technical performance,
reduce risks, and ensure launch readiness in preparations for Artemis I and Artemis II, as well as support
toward Commercial Crew Program's (CCP) milestones. The most significant accomplishment was the
successful hot fire of the Space Launch System (SLS) core stage. On March 18, 2021, the SLS fired its
four RS-25 engines for 8 minutes and 19 seconds on the B-2 test stand at Stennis Space Center in
Mississippi. This completed a series of Green Run tests to ensure the SLS core stage satisfied design
objectives, a critical milestone ahead of the Agency’s Artemis I mission. Another significant 2021 RPT
achievement was completion of all seven of the Retrofit-2 RS-25 series tests. These tests culminated with
the September 30th, A-1 Test Stand final test run on RS-25 developmental engine No. 0528. This test
series provided data to enhance production of new RS-25 engines and several engine components that are
being manufactured with cutting-edge and cost-saving technologies. The test campaign also ran the
engine through a range of operating conditions to demonstrate and verify its capabilities. In the E-
Complex, over 250 tests were completed in support of NASA and commercial partnerships for risk-
reduction design demonstrations and hardware development campaigns. At Marshall Space Flight Center
(MSFC), Test Stands 115 and 116 were active in completing a total of nearly 200 tests primarily for
internal testing of developmental hardware, as well as commercial subscale and component testing.
Personnel at the White Sands Test Facility (WSTF) competed a series of testing for the European Space
Agency (ESA) Service Module and for the DoD in support of Minuteman Aging Surveillance Program.
At Glenn Research Center, Armstrong Test Facility (GRC-ATF), work continued in preparation for the
Sierra Nevada Corporation Dream Chaser Cargo System test and for environmental test of the HELIX
integrated instrument payload sponsored by the NASA Balloon Program Office.

RPT facilities continued to evaluate and implement high-risk/high-priority facility maintenance and
modernization projects to assure propulsion test assets are available to support current and future
propulsion test requirements. Additionally, the program continued to conduct an analysis of anticipated
future propulsion test needs with the goal to strategically prepare availability of the portfolio of test stands
at the four centers for NASA's future.

WORK IN PROGRESS IN FY 2022

RPT will continue to provide testing of the RS-25 engines on the A-1 Test Stand in support of the Artemis
Campaign. The B-2 Test Stand will be transitioned to facilitate a similar integrated upper stage test for the
major elements of the Exploration Upper Stage (EUS) engine and plume management system. The
Stennis Space Center (SSC) E-Complex test cells are to continue to support commercial customers and
internal component level test requirements. At MSFC Test facilities, RPT plans to continue testing in
support of advanced manufacturing development techniques through testing of engine components,
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including rocket nozzles. Testing is planned in evaluation of advance 3D printing technologies for liquid
rocket engines in landers and on-orbit stages/spacecraft. A follow-on test campaign is also planned to
demonstrate the use of Blue Origin's uncooled subscale nozzle extensions for the purpose of evaluating
nozzle materials performance under hot-fire conditions. In support of the SLS Booster Obsolescence and
Life Extension (BOLE) Program, tests will be conducted on a Solid Rocket Test Motor Vehicle (SRTMYV)
motor to evaluate both insulation and nozzle materials under higher pressures. At GRC-ATF, thermal
vacuum testing for the Sierra Nevada Corporation is planned at the In-Space Propulsion Facility (ISPF) to
test the Dream Chaser Cargo System (DCCS). Testing will include flight environments simulation:
acoustic, vibration, Electromagnetic Interference/Electromagnetic Compatibility (EMI/EMC), thermal
vacuum and shock separation. The fore mentioned, HELIX integrated instrument payload will undergo
environmental thermal testing.

At WSTF, Boeing Space Test Program III (STP-IIT) R40b (modified Shuttle Primary Reaction Control
System) thrusters are being acceptance tested in support of the United States Space Force (USSF). Also,
in multi-year support of the USSF, Minuteman III Propulsion System Rocket Engine (PSRE) de-
militarization is being conducted, disassembling, decontaminating and eliminating hazards for safe and
environmentally friendly disposal. WSTF will continue to support the Orion ESA Service Module with
delta qualification of the ESM Main Engine Assembly Series valve. Boeing CST-100 Service Module
Reaction Control System Acceptance Testing is to be conducted. Altitude simulation static hot-fire testing
of the Aerojet Rocketdyne Post Boost Propulsion System (PBPS) is also planned.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

RPT will continue to provide testing of the RS-25 engines on the A-1 Test Stand in support of the Artemis
Campaign. The B-2 Test Stand is to continue to support readiness for the integrated upper stage test of the
Exploration Upper Stage (EUS) engine. MSFC Test Facilities will continue to conduct advanced
manufacturing developmental testing. WSTF will continue to provide support for the Orion ESA Service
Model, the Boeing CST-100 Service Module, and Minuteman militarization. The RPT capabilities will
continue to provide critical support to commercial partners to facilitate access to space and improve
propulsion test technologies and processes.
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Program Schedule

The following chart shows past, current, and planned test campaigns at SSC, MSFC, Glenn Research
Center (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 is at the bottom.

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 2023 and beyond.

ROCKET PROPULSION TEST PROGRAM CONSOLIDATED TEST STAND UTILIZATION
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PROGRAM MANAGEMENT & COMMITMENTS

Program Element Provider

RPT

Provider: RPT
Lead Center: N/A
Performing Center(s): SSC, JSC, GRC, MSFC, KSC, WFF

Cost Share Partner(s): Various other NASA programs, DoD, and commercial
partners
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ACQUISITION STRATEGY

None.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

None.

SO-94



Space Operations: Space and Flight Support (SFS)
COMMUNICATIONS SERVICES PROGRAM

FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 234 42.0 51.7 59.4 59.7 59.7 59.7
Change from FY 2022 Budget Request 9.7
Percent change from FY 2022 Budget Request 23.1%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y 2022
column reflects the FY 2022 President's Budget Request.

The Communications Services Program

(CSP) focuses on demonstrating the

k R feasibility of commercially provided
S \ : : satellite communications (SATCOM)

o= services to NASA missions. CSP is

conral e g pursuing demonstrations that will allow

future NASA missions to use flight-
qualified commercial communications
services. Ultimately, if CSP
demonstrations are successful, near-
Earth users will begin transitioning from

= SN using NASA-owned networks to
The Communications Services Program will collaborate with commercially provided services.

industry to demonstrate commercially-provided data relay services
for NASA space missions. The CSP effort is a component of the

larger NASA strategy to migrate near-
Earth 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, by the National Space Policy, and by
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 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 that operational NASA missions
receive required communications and navigation support. CSP retains the 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.
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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 the International Space Station, human
space flight, and science missions in Earth orbit ranging from flagship observatories to SmallSats and
CubeSats. CSP intends to leverage the SATCOM capabilities that have been developed for terrestrial
users to bring the flexibility and functionality of commercial service to the space domain. CSP will work
with the commercial market to identify 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.

CSP funding 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.

EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

CSP has completed critical steps toward releasing the SATCOM service demonstrations announcement
and solicitation. Activities included: a SCaN-hosted virtual industry event which rolled out the larger
NASA commercialization strategy for near-Earth communications; Acquisition Strategy Meeting (ASM);
and completion of the Formulation Authorization Document and the Project Strategy Briefing for Earth
Relay Services Acquisition/Part One Demonstration.

CSP released the draft announcement and hosted a successful virtual Industry day on May 11, 2021 with
over 140 participants, followed by two days of individual meetings with industry. CSP released the final
solicitation on July 20, 2021 and final proposals were received on September 3, 2021.

WORK IN PROGRESS IN FY 2022

CSP plans to finish evaluating submitted proposals and make multiple demonstration awards in mid-

FY 2022. NASA expects to demonstrate multiple capabilities through a diverse set of service providers
over a multi-year period. Individual demonstration schedules will determine the overall period to
complete all demonstrations. Capability demonstrations that are applicable for different classes of NASA
missions and suitable for other customers are desirable. As such, the intent is to develop a demonstration
portfolio of commercial capabilities that in the aggregate will address the future NASA mission needs for
reliable, robust, and cost-effective communications and navigation services.

After demonstration contract awards and kickoffs, CSP will monitor the awardees' progress based on their
execution and milestone plans and evaluate the success of the demonstrations based on technical,
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business, security, and operations attributes. CSP will engage with the mission community and
stakeholders to review progress and results of the demonstrations.

CSP will complete a Formulation Systems Requirement Review (F-SRR), tailored from NASA
engineering best practices. Individual demonstration reviews will be held according to industry best
practices and individual milestones definitized in demonstration contracts.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

CSP will continue to monitor awardees' progress. CSP will initiate systems engineering trades and
evaluate operational approaches for service management. Additional FY 2023 achievements, based on
individual demonstration schedules, will be available after awards.

Program Schedule

The table below includes significant Communication Services Program milestones in FY 2022 and
FY 2023.

Date Significant Event

Q2 FY 2022 Demonstration Awards
TBD FY 2022 F-SRR

TBD FY 2022 Contract Milestones
TBD FY 2023 Contract Milestones

Program Management & Commitments

Program Element Provider

Provider: CSP Project Office

Lead Center: Glenn Research Center (GRC)
Performing Center(s): N/A

Cost Share Partner(s): N/A

Communications Services

Acquisition Strateqy

In December 2020, CSP received, through the Acquisition Strategy Council, NASA concurrence to
proceed with a funded Space Act Agreement acquisition approach for the demonstrations. NASA will
define the future acquisition strategy for transitioning near-Earth NASA users to suitable commercially
provided services, as informed by the demonstrations executed by CSP. 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

Awards are anticipated to be made in FY 2022. Details will be included in future justification documents.

INDEPENDENT REVIEWS

In FY 2022, CSP will complete a peer level F-SRR, tailored from NASA engineering best practices.
Individual demonstration reviews will be held according to industry best practices and individual
milestones definitized in demonstration contracts.

SO-98



Space Operations

COMMERCIAL LEO DEVELOPMENT

FY 2023 Budget

Op Plan Request. Request

Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 18.1 102.6 224.3 228.2 2294 302.1 435.0
Change from FY 2022 Budget Request 121.7
Percent change from FY 2022 Budget Request 118.6%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as

adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY

2022 column reflects the FY 2022 President's Budget Request.

NASA is partnering with industry to develop and establish
new commercial low-Earth orbit (LEQ) destinations,
culminating in NASA’s participation as a customer in a
robust space economy. NASA has signed agreements with
three U.S. companies to develop designs of space stations
and other commercial destinations in space. Top left: The
Blue Origin and Sierra Space Orbital Reef baseline
(Credits: Orbital Reef). Top right: Starlab, from
Nanorack, Voyager Space, and Lockheed Martin (Credits:
Nanorack / Lockheed Martin / Voyager Space). Bottom:
Northrop Grumman's free flyer commercial destination
(Credit: Northrop Grumman).

NASA seeks to maintain access to a low-Earth
orbit (LEO) human-rated platform to continue
the 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 that there will always be
a U.S. space station in low-Earth orbit that
meets NASA’s enduring requirements, even
after the ISS is retired. In the course of meeting
NASA'’s requirements, this program will also
help develop a robust commercial space
economy in LEO that supports good-paying
jobs.

The Commercial LEO Development Program is
building and executing a targeted strategy for an
economy of space commerce” that is
sustainable, cost-effective, and safe. The current
strategy builds on and applies the lessons
learned from over a decade of work and
experiences with commercial companies.

NASA's Commercial LEO Development
Program is supporting the development of
commercially-owned and operated LEO
destinations from which NASA, along with

other customers, can purchase services that meet NASA’s requirements and those of other users. As

commercial LEO destinations (CLDs) become available,

NASA intends to implement an orderly

SO-99



Space Operations

COMMERCIAL LEO DEVELOPMENT

transition from current International Space Station (ISS) operations to these new CLDs. The transition of
LEO operations to the private sector will yield efficiencies in the long term, enabling NASA to shift
resources towards other objectives. With the introduction of CLDs, NASA expects to realize efficiencies
from the use of smaller, more modern and efficient platforms, and a more commercial approach to
meeting the Agency's needs in LEO. In the longer term, the gradual emergence of additional customers
for commercial LEO destinations will offer the opportunity for additional savings.

To achieve the Commercial LEO Development Program's goals, NASA is committed to using the ISS and
its capabilities to aid in the development of U.S. industry’s ability to provide the necessary platforms and
services in LEO. NASA is also committed to continued Government utilization of LEO beyond the ISS
for basic research and development, Earth and deep space observations, and astronaut training. NASA
will support development of both the supply side of the future LEO economy (i.e., future platforms
providing services for a fee) through the Commercial LEO Development budget and the demand side
(i.e., users of on-orbit services) through the ISS Program budget. NASA is drafting a Service
Requirements Document (SRD) that will define NASA’s needs for CLD services after ISS end of life.
NASA's commitment to growing the future LEO economy also includes providing Government funding
to private industry in the form of contracts and partnerships to ensure that future capabilities can fulfill
Government requirements.

NASA is pursuing several avenues to enable the supply side of the LEO economy. These include offering
the use of an ISS berthing port to a private company to deploy a new commercial element on the ISS,
Commercial Destinations for ISS (CDISS); supporting the development and use of Commercial
Destinations Free Flyers (CDFF); and offering the use of the ISS for private astronaut missions. A private
astronaut mission is a commercial mission consisting of activities conducted by private astronauts aboard
the ISS or in a commercial element attached to the ISS, transported on a U.S. commercial spacecraft
dedicated to this private mission. NASA is enabling up to two short-duration private astronaut missions
per year to the ISS. NASA’s expectation is that one or more of these development and demonstration
efforts will prove commercially viable, allowing United States and international customers to purchase
services in LEO while also providing NASA with the platforms and capabilities it requires in LEO.

For the ISS to support CDISS, NASA will 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 activities to
support CDISS will be funded by the Commercial LEO Development Program.

NASA has also made the ISS available to private entities to enable commercial and marketing
opportunities on the microgravity laboratory. Since making these opportunities available, there has been a
growing demand for commercial and marketing activities from both traditional aerospace companies and
from novel industries, demonstrating the benefits of the space station to help catalyze and expand space
exploration markets and the low-Earth orbit economy. As a result, NASA has updated its pricing policy
for commercial activities conducted on the station to reflect full reimbursement for the value of NASA
resources.

NASA's Commercial LEO Development Budget supports and will advance the Nation’s goals in LEO
and for 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 by creating new opportunities for economic growth through new markets and industries
in LEO and potentially yielding long-term cost savings to the Government by leveraging industry
innovation and commercial market incentives.
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EXPLANATION OF MAJOR CHANGES IN FY 2023

None.

ACHIEVEMENTS IN FY 2021

Continuing work that began in FY 2020, the commercial segment provider, Axiom Space Inc., completed
their Preliminary Design Review (PDR) for the Axiom Hub Hab One and Two (AxH1 and AxH?2), and
their System Requirements Review (SRR) for the third planned Axiom Segment module, the Axiom
Research and Manufacturing Facility (AXRMF), their Robotic Arm (AXARM), their Earth Observatory
(AxEO) (similar to the ISS Cupola) and Docking Adapter (to enable later commercial vehicles to dock to
the Axiom Segment). Axiom also completed initial forgings associated with primary structure of AxH1
and AxH2 and performed early development tests to mature design/requirements including early
Avionics/Software, Power Storage, Guidance Navigation and Control, Propulsion, and internal
configuration.

Equally critical to enabling the supply side of the LEO economy, NASA finalized the acquisition strategy
to enable partnerships for the development and space flight demonstrations of free-flying commercial
LEO destinations. NASA sought commercial LEO destinations that would provide a diverse portfolio of
products and services that meet both NASA and non-NASA needs. An Acquisition Strategy Council
(ASC) was held on March 12, 2021, which approved a two phased acquisition strategy for CLDs. Phase
1, CDFF, will utilize multiple funded Space Act Agreements. Phase 1 is expected to last approximately
four years and will culminate in at least a preliminary design level of maturity. In the second phase,
NASA intends to certify commercial LEO destinations and purchase destination services when such
services become available for purchase.

NASA established a commercial use and pricing policy for the ISS, enabling companies to reduce
uncertainty and build business plans as they seek to perform commercial activities, including marketing.
NASA completed clarifying updates to this policy associated with commercial activities, including
addressing the procurement of services for private astronaut mission providers. NASA also finalized
private astronaut mission framework, requirements, and concept of operations.

WORK IN PROGRESS IN FY 2022

Axiom will continue the development of the commercial segment that will attach to the ISS (CDISS),
including maturing the preliminary design, which will be reviewed at the AxH1 and AxH2 Design
Progress Review, and initiating the Critical Design Review (CDR) for the first two commercial elements,
Axiom Hab One and Two (AxH1 and AxH2). The primary structure for AxH1 and AxH2 is undergoing
initial machining operations. Axiom is also continuing development tests of hardware to support the flight
hardware procurement and build. Axiom has initiated construction for a large manufacturing and
assembly facility to be used to prepare flight hardware prior to launch. In addition, Axiom will continue
to mature hazard reports and verification concepts to ensure successful and compliant integration with
ISS.

NASA is also planning for the first private astronaut mission with Axiom aboard ISS to take place no
earlier than March 2022. The Axiom private astronauts are scheduled to spend eight days aboard ISS.
Axiom will purchase services for the mission from NASA, such as crew supplies, cargo delivery to space,
storage, and other in-orbit resources for daily use. NASA will purchase from Axiom the capability to
return scientific samples that must be kept cold in transit back to Earth.
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On December 13, 2021, NASA selected Axiom Space for the second private astronaut mission to the ISS.
NASA will negotiate with Axiom on a mission order agreement for the Axiom Mission 2 (Ax-2) targeted
to launch between fall 2022 and late spring 2023.

On December 2, 2021, NASA awarded SAAs to three U.S. companies to develop designs of space
stations and other commercial destinations in space. The agreements are part of the Agency’s efforts to
enable a robust, American-led commercial economy in low-Earth orbit. The total estimated award amount
for all three funded Space Act Agreements is $415.6 million. The companies that received awards are:

o Blue Origin of Kent, Washington, for $130 million;
e Nanoracks LLC of Houston, Texas, for $160 million; and
e Northrop Grumman Systems Corporation of Dulles, Virginia, for $125.6 million.

As mentioned above, the awards are the first in a two-phase approach to ensure a seamless transition of
activity from the International Space Station to commercial destinations. During this first phase, private
industry, in coordination with NASA, will formulate and design commercial low-Earth orbit destination
capabilities suitable for potential Government and private sector needs. The first phase is expected to
continue through 2025.

Blue Origin and Sierra Space have partnered to develop Orbital Reef, a commercially owned and operated
space station to be built in low-Earth orbit, 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’s human-centered space architecture is designed to be a “mixed-use space
business park” that provides essential infrastructure needed to support all types of human spaceflight
activity in low-Earth orbit and can be scaled to serve new markets. Blue Origin is scheduled to complete
four milestones in FY 2022 including their SRR and System Definition Review (SDR).

Nanoracks’ commercial low-Earth orbit destination, in collaboration with Voyager Space and Lockheed
Martin, is called “Starlab.” Starlab is targeted for launch in 2027 on a single flight as a continuously
crewed, commercial space station dedicated to conducting advanced research, fostering commercial
industrial activity, and ensuring continued U.S. presence and leadership in low-Earth orbit. Starlab is
designed for four astronauts and will have power, volume, and a payload capability equivalent to the ISS.
Nanorack is scheduled to complete three milestones in FY 2022 including their spacecraft SRR and SDR.

Northrop Grumman’s design for a modular, commercial destination in low-Earth orbit is built on decades
of experience supporting NASA, defense, and commercial programs. The design leverages flight-proven
elements, such as the Cygnus spacecraft that provides cargo delivery to ISS, to provide a base module for
extended capabilities including science, tourism, industrial experimentation, and the building of
infrastructure beyond initial design. Northrop Grumman is scheduled to complete three milestones in

FY 2022 including their Concept of Operations (ConOps) review.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

NASA will also develop an overall commercial LEO destinations human-rating strategy as well as
requirements.

Axiom plans to continue development of their proposed commercial elements, including the completion
of the CDR for the first two commercial elements, Axiom Hab One and Two (AxH1 and AxH2), in
addition to the completion of the PDR for the AXRMF, AXEO and AxARM. Additionally, Axiom is
planning to complete the hazard report development associated with the Phase 3 review of the NASA
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Safety Review Process associated with AxH1 and AxH2. Axiom plans to complete construction for their
manufacturing and assembly facility and to receive early flight hardware to support integration and
verification activities. Axiom also plans to accept delivery of the finished primary structural assembly
from their vendor to start final assembly, outfitting and verification of their first module, AxHab 1.
Axiom is currently planning to launch the first element to ISS in late 2024.

Blue Origin is scheduled to complete four milestones in FY 2023 including their Core Structural Test and
Full-scale Burst Test.

Nanoracks is scheduled to complete four milestones in FY 2023 including their Spacecraft PDR.

Northrop Grumman is scheduled to complete seven milestones in FY 2023 including their CDFF level
SRR and SDR, Element 1 level SRR and SDR, Module level SRR, and Initial Habitation Demonstration.

Program Schedule

The following chart depicts the near-term roadmap of planned Commercial LEO Development efforts.

2025 2030
International Space Station (ISS) Operations
Transition
» | Commercial Modules \ A A A
)
& One or More Commercial Destinations
) Phase 1 CLD Partners Planned
@ _/// Transition
Based on
Readiness
Demand Stimulation (In-Space Manufacturing, R&D-to-Applications)
(Maturation of
A | Commercial Use of ISS (Commercial and Marketing Activities) Destinations
p=4 and market
g 1SS National Lab/CASIS (Science, Applied R&D, Tech Development, Education) demand)
(i}
e Private Astronaut Missions (Tourism, QOutreach, and Commercial R&D)
Government LEO Requirements (Human Research, Life and Physical Sciences, etc.)

CCtCap-2 and CRS-3 (Reduced Transportation Costs)
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Program Management & Commitments

Program Element

Provider

Commercial LEO Development
Program

Cost Share Partner(s): Industry Partners (shown above)

Providers: Axiom Space, Inc.; Blue Origin; Nanoracks; Northrop Grumman
Systems Corporation

Lead Center: Johnson Space Center (JSC)
Performing Center(s): JSC

Acquisition Strateqy

NASA uses multiple acquisition tools for Commercial LEO Development. The established Next Space
Technologies for Exploration Partnerships (NextSTEP-2) Broad Agency Announcement (BAA) contract
vehicle was used for the Commercial Destinations for ISS contract to initiate development of the
commercial segment. Similar to the approach used for the Commercial Orbital Transportation System
(COTS) and Commercial Crew, NASA is using Space Act Agreements for Phase 1 of the CDFF. FAR-
based contracts will be utilized for CDFF Phase 2 to perform certification activities and purchase

destination services.

Major Contracts/Awards

Element Vendor Location (of work performance)
Commercial Destination for .
International Space Station (CDISS) Axiom Space, Inc. Houston, TX
Commercial Destinations Free Flyers ..
(CDFF) Blue Origin Kent, WA
Commercial Destinations Free Flyers
(CDFF) Nanoracks LLC Houston, TX
Commercial Destinations Free Flyers Northrop Grumman Systems Dulles. VI
(CDFF) Corporation ’
Independent Reviews

Review Date of Next
Type Performer Review Purpose Outcome Review

The panel provided no

Sy new formal
. Provide independent .
Other NASA. Advisory Jan 2022 guidance for the recom mendations or Mar 2022
Council . findings for the
NASA Administrator .
Commercial LEO
Development Program
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The panel provided no
NASA Provides independent | new formal
Aerospace assessments of safety recommendations or
Other Safety Advisory Jan 2022 to the NASA findings for the TBD
Panel Administrator Commercial LEO
Development Program.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Orion Production & Sustainment 0.0 0.0 TBD 786.9 925.3 990.2  1,022.5
Exploration Operations Program 0.0 0.0 TBD 46.0 47.0 47.0 48.0
Total Budget 0.0 0.0 TBD 832.9 972.3 1,037.2 1,070.5

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

The overall integrated Artemis Plan and the Agency's human spaceflight reorganization approved in 2022
assign responsibility for development of exploration hardware to the Exploration Systems Development
Mission Directorate (ESDMD). Post-development production and mission operations are the
responsibilities of the Space Operations Mission Directorate (SOMD). The FY 2023 Budget creates the
Exploration Operations theme within the Space Operations account to fund these capabilities developed
by ESDMD and handed off to SOMD for production and operations. As various Artemis missions
complete their initial development and production of hardware and/or capability and demonstrate their
ability to move into production and sustainment mode, funding for these programs will be provided in the
Exploration Operations theme. Initially, there are two programs planned under this theme: Orion
Production and Sustainment, and Exploration Operations. Other Artemis campaigns, including, Space
Launch System, Exploration Ground Systems, Human Landing Systems and Gateway, will transition in
future Budgets.

The first program to transition, Orion, will start this process beginning in FY 2022, as provided for in the
Consolidated Appropriations Act, FY 2022. A full transition of program management and execution will
take place after the completion of the Artemis Il mission and the final development of the Rendezvous,
Proximity Operations and Docking capability for Artemis III. The transition of Orion, and transitions of
other programs in the future, is tied to scope, rather than a specific point in time. Transitioning by scope
allows the clearest way to track work tied to milestones.
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ORION TRANSITION TO OPERATIONS

In FY 2023 through FY 2027, the Orion Program will complete development and transition to a
production and sustainment phase. In accordance with reorganization implemented in FY 2022,
development activity will continue to be funded in the DSES account (managed by ESDMD) and
production, sustainment, and operations will be funded in the Space Operations account (managed by
SOMD). Per the Orion Program's Agency Baseline Commitment, development will end with the Artemis
II mission, though DSES will continue to fund follow-on development activities such as RPOD and the
Orion Main Engine (OME). For Artemis III and out, the Orion Program will use Space Operations
funding to deliver Orion spacecraft.

The long lead times associated with producing an Orion spacecraft require the Orion Program to initiate
production activity multiple years in advance. Under the FY 2023 Budget, NASA anticipates that the
Orion Program will fund some level of production on the vehicles for Artemis I, Artemis I1I, Artemis IV,
and Artemis V simultaneously. NASA will fund the Orion Program out of both the Development Space
Exploration System (DSES) and Space Operations accounts in this period, consistent with the description
above. Note, however, that there still will be one Orion Program Manager and no contract changes or
organizational changes will be required for the prime contractor.

In FY 2023, NASA will still be completing development of the Artemis II spacecraft. To provide the
Program with flexibility in determining the FY 2023 allocation between the two accounts, this Budget
assumes the full Orion Program budget will be appropriated in the DSES account. The budget also
proposes an Administrative Provision (see below) enabling NASA to determine the requisite split after
FY 2023 appropriations. The Orion Program is unlikely to need such flexibility in FY 2024 and beyond,
as Orion development will be nearly complete.

"Of the amounts provided for Orion Multi-purpose Crew Vehicle, up to $718 million may be transferred
to Space Operations for Orion Production and Operations consistent with direction provided in the
explanatory statement accompanying this Act. The authority provided by this paragraph is in addition to
the authority provided by the second paragraph under this heading."

Exploration Operations Program will support mission operations content for the Artemis missions. The
goal is to provide integration for exploration operations fully coordinated with the mission integration and
engineering support from Common ESD and Artemis Campaign Development programs. Tasks of the
Exploration Operations Program include, but are not limited to mission management, training of flight
controllers, and crews; and command, control, track, and monitor crewed systems and navigation during
flight operations.

NASA will also begin to fund mission operations preparation and activity for Orion in the Exploration
Operations Program.
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The full budget for the Orion Program is as follows:

(in $ millions) FY 2021 | FY 2022 | FY 2023 | FY 2024 | FY 2025 | FY 2026 | FY 2027
Integration and Support 15.9 17.9 13.4 - - - -
Development 13878 | 13888 | 13253 415.0 116.5 52 19
%f;g;‘ Exploration 1,403.7 | 1,406.7 | 1,338.7 415.0 1165 52.0 19.0
gfl‘;f;ffr‘;’:n‘;md - - TBD 786.9 925.3 990.2 | 1,022.5
Operations - - TBD 46.0 47.0 47.0 48.0
Orion Space Ops Total - - - 832.9 9723 | 1,037.27| 1,070.5
Orion Program Total 1,403.7 1,406.7 1,338.7 1,247.9 1,088.8 1,089.2 1,089.5

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President’s budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to 3718 million,
contingent on assessments following Artemis .
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027

Total Budget 0.0 0.0 TBD 786.9 925.3 990.2  1,022.5

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

In keeping with the overall integrated Artemis Plan and
the Agency's human spaceflight reorganization approved
in 2022, the Orion Production and Sustainment program
was created within the Exploration Operations theme to
fund these capabilities in the Space Operations
appropriation. As the Orion Program completes the
initial development and production of hardware and
demonstrates the ability to move into production and
sustainment in FY 2024, funding will be provided in this
budget line.

Artemis III Crew Module (CM) lifted out of the

Orion will undergo the transition of those activities
“bird cage” at Kennedy Space Center (KSC).

beginning in FY 2022, using transfer authority in

FY 2022 and FY 2023, with the transfer of program
management and execution taking place after the
completion of the Artemis Il mission and the final
development of the Rendezvous, Proximity Operations
and Docking (RPOD) capability for Artemis III.

Top view of the Artemis IV CM pressure vessel
forward bulkhead at Michoud Assembly Facility
(MAF).
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EXPLANATION OF MAJOR CHANGES IN FY 2023

Funding to support Orion production and operations beginning with the Artemis III flight that was
previously budgeted in the theme previously named Exploration Systems Development (ESD) has been
transferred to this theme. It also allows the program to fund long-lead procurements for future Artemis
missions that are a part of the Orion Production and Operations Contract (OPOC).

ACHIEVEMENTS IN FY 2021

The Artemis III Crew Module Adapter (CMA) inner wall was delivered to Kennedy Space Center (KSC)
in May 2021. The inner wall, together with pressure vessel and heatshield are the primary structure build-
up and assembly of the Crew Module (CM) and CMA.

Orion held a successful Artemis III docking system Critical Design Review (CDR) in April 2021. This
review assessed the readiness of the docking system design to progress to full-scale fabrication, assembly,
integration, and test.

WORK IN PROGRESS IN FY 2022

Eight European Service Module-3 (ESM) auxiliary engines were shipped to the European Space Agency
(ESA) prime contractor's facility in Bremen, Germany - six in October 2021 and the last two in December
2021. The Artemis III pressure vessel was delivered to KSC in October 2021. Further build-up of the CM
structure is underway, including installation of the CM interface brackets and forward gussets. Proof
pressure and leak testing of the CM pressure vessel was completed in February 2022, the CM is now
being de-configured from the test configuration, followed by several months of internal and external
systems hardware installations, including secondary structures, active components, harnesses, tubing, and
tube welding.

The Artemis III CMA aft walls are being installed at KSC with forward and outboard walls which were
delivered in January 2022. Installation of the CMA longerons, which are load-bearing structural
components, is currently underway. Assembly, integration, and processing of the Artemis III CMA will
be performed throughout the fiscal year, with planned completion in September 2022.

The Artemis III heatshield carrier will be delivered to KSC in April 2022 for Avcoat installation, which
will continue into FY 2023. Avcoat is the ablative heat shield that protects the crew during high-speed
reentry into Earth's atmosphere.

A large volume of Artemis III components has been delivered over the course of the first two quarters of
FY 2022 in support of the Artemis III CM and CMA subassembly installation schedules.

Orion will begin Artemis [V pressure vessel fabrication at Michoud Assembly Facility (MAF) in FY 2022
with the plan to deliver it to KSC in Q2 of FY 2023.

The program will conduct the Preliminary Mission Integration Review (MIR) for Artemis V and will
initiate contract authorization for Artemis VI-VIIl in FY 2022.
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KEY ACHIEVEMENTS PLANNED FOR FY 2023

Artemis III CM assembly, integration, and testing will continue in FY 2023, with CM readiness to mate
to the Service Module (SM) planned for July 2023.

Delivery of the ESM-3 to KSC is planned for no earlier than (NET) February 2023. The Artemis III ESM
and CMA will be mated to form the SM and will undergo final installation and testing for the following
few months. The SM will be ready to mate with the CM NET October 2023, to form the Artemis II1
CSM.

Throughout FY 2023, several key functional components of the RPOD system will be delivered, as well
as the initial release of RPOD software, to support the planned Initial Power On testing of the CM in the
O&C for Artemis III. The RPOD system enables critical rendezvous, proximity operations, docking, as
well as undocking operations that will begin with the Artemis III mission. 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, CO. These tests will demonstrate the safety-critical
operation of the RPOD hardware and software in the dynamic proximity operations environment.

Following delivery of the Artemis IV pressure vessel and primary structure parts to KSC, Orion will
continue with structural assembly, proof test, and subsystem installations on the CM throughout FY 2023.

In August 2023, Orion will conduct a Preliminary MIR for Artemis IV docking system components.

The Artemis IV pressure vessel will be delivered to KSC in the second quarter of FY 2023.

Program Elements

CREW MODULE

The crew module provides a safe habitat for the crew, as well as storage for consumables and research
instruments, and it serves as the docking port for crew transfers.

SERVICE MODULE

The service module fuels and propels the Orion spacecraft, will support the Crew Module from launch
through separation before reentry.

LAUNCH ABORT SYSTEM

The launch abort system maneuvers the Crew Module to safety in the event of an emergency during
launch or climb to orbit.
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Program Management & Commitments

Program Element Provider

Provider: Johnson Space Center (JSC)
Lead Center: JSC

Crew Module Performing Center(s): Ames Research Center (ARC), Glenn Research
Center (GRC), JSC, Kenney Space Center (KSC) Langley Research
Center (LaRC) and Michoud Assembly Facility

Cost Share Partner(s): N/A

Provider: JSC
Lead Center: JSC

Service Module Performing Center(s): Ames Research Center (ARC), Glenn Research
Center (GRC), JSC, KSC and LaRC

Cost Share Partner(s): N/A

Provider: JSC
Lead Center: JSC

Launch Abort System Performing Center(s): Ames Research Center (ARC), Glenn Research
Center (GRC), JSC, KSC and LaRC

Cost Share Partner(s): N/A

Acquisition Strateqy

Orion Program released a Request for Proposal (RFP) to Lockheed Martin for the production and
operations effort in January 2018. OPOC was awarded as a sole-source contract with Lockheed Martin in
September 2019 and will begin with Artemis III. It is an indefinite-delivery-indefinite-quantity contract
that includes a commitment to order a minimum of six and a maximum of 12 Orion spacecraft over the
next 10 years. The first six spacecraft (Artemis III through 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.

Consistent with Annex 3 of NASA's 2012 Implementing Arrangement with ESA, ESA on May 26, 2020
signed a contract with Airbus to build ESM-3 for Artemis III. In October 2020, NASA and ESA signed
the Gateway Memorandum of Understanding, in which ESA agreed to provide two additional ESMs to
NASA. This was followed in February 2021 by ESA signing a contract with Airbus to build three
additional ESMs in support of Artemis IV through VI. NASA and ESA are currently working on an
Implementing Arrangement for the details of the provision of ESM-4 and ESM-5. A signed agreement is
anticipated by April 2022.

Orion published an RFP for the Orion Main Engine (OME) engines in March 2020, which will replace
the Orbital Maneuvering System Engine (OMS-E) starting with Artemis VII. The contract was awarded
in September 2021. Orion has enough OMS engines remaining from the Space Shuttle Program to fly on
the ESM through Artemis V1.

SO-112



Space Operations: Exploration Operations

ORION PRODUCTION & SUSTAINMENT

MAJOR CONTRACTS/AWARDS

Orion Production and Operations . '
Contract (OPOC) Lockheed Martin Littleton, CO

Los Angeles, CA & Redmond,

Orion Main Engine (OME) Aerojet Rocketdyne, Inc WA
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027

Total Budget 0.0 0.0 TBD 46.0 47.0 47.0 48.0

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to 3718 million,
contingent on assessments following Artemis 1.

Exploration Operations Program will initially support mission operations content for the Artemis
missions. The goal is to provide integration for exploration operations fully coordinated with the mission
integration and engineering support from Common Exploration Systems Development and Artemis
Campaign Development programs. These include, but are not limited to mission management, training of
flight controllers and crews; and command, control, track, and monitor crewed systems and navigation
during flight operations.

EXPLANATION OF MAJOR CHANGES IN FY 2023

Beginning in FY 2023, the Orion Program began transitioning from a development program within the
Deep Space Exploration Systems account, to an operational program within the Space Operations
account. Some of the content that was previously funded in Deep Space Exploration Systems for Orion to
support crew operations will be transitioned to this new program being established at Johnson Space
Center (JSC). Due to manifest changes for Artemis I, FY 2023 funding is included in the development
program and the specific amounts for operations will be transferred in the Initial Operating Plans for each
fiscal year.

ACHIEVEMENTS IN FY 2021
N/A.

WORK IN PROGRESS IN FY 2022

The NASA JSC is undertaking organizational changes to establish a new Exploration Operations Program
Office. The goal is to provide mission management integration for exploration crewed operations within
the Space Operations Mission Directorate (SOMD). SOMD will fully coordinate with the Exploration
Systems Development Mission Directorate (ESDMD) mission integration and engineering support. JSC is
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establishing the program office with the Program Manager reporting through the newly created
Exploration Operations Division to SOMD.

NASA is combining management of the following functions to support Artemis crewed flights, all of
which are already assigned to JSC, into a single organization to facilitate technical and programmatic
efficiency and effectiveness: mission integration, ground rules, requirements, consumables,
logistics/cargo, and payload integration. Additional functions that may be transitioned are under review.

A Program Management Plan is being developed during 2022 in conjunction with the establishment of
the program office. All program elements are envisioned to have JSC as the lead center.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

Continue mission management activities in support of Artemis crewed flights beginning with the Artemis
III after they are transitioned from the Orion program.
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Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Early Stage Innovation and Partnerships 117.5 145.0 155.9 159.5 162.7 169.9 188.2
Technology Maturation 227.1 491.2 471.6 481.1 491.2 497.6 493.1
Technology Demonstration 528.4 501.8 525.4 535.4 545.6 556.0 566.6
SBIR and STTR 227.0 287.0 285.0 290.7 296.5 302.4 308.5
Total Budget 1,100.0 1,425.00 1,4379 1,466.7 1,496.0 1,525.9 1,556.4

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

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.

Space Technology ... e O | =2

EARLY STAGE INNOVATION AND PARTNERSHIPS ..o ST-13
TECHNOLOGY MATURATION ....ooiiiiiiiiiiiiiiiieiiteetieeteieeesaeaaeeeseesesessessssnnssssnnesnnnnnnnes ST-26
TECHNOLOGY DEMONSTRATION ...oooiiiiiiiiiiiiiiiieieiiieieiiieeeeieeseeessaeseenneeesnsennnnnnnnes ST-40
Solar Electric Propulsion (SEP) [Development] ........c.c.ovviiiieiiiiiiiiieeee e ST-42
L 157 N1V I =YY o] o] 41T o R ST-48
Small Spacecraft, Flight Opportunities & Other Tech Demo.........ccccveeiiiiiiiiiiiceen ST-55
SBIRAND STTR .ottt e e esaeeeannssnsnnnnnes ST-66

ST-1



SPACE TECHNOLOGY

FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022) FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Early Stage Innovation and Partnerships 117.5 145.0 155.9 159.5 162.7 169.9 188.2
Technology Maturation 227.1 491.2 471.6 481.1 491.2 497.6 493.1
Technology Demonstration 528.4 501.8 525.4 535.4 545.6 556.0 566.6
SBIR and STTR 227.0 287.0 285.0 290.7 296.5 302.4 308.5
Total Budget 1,100.0 1,425.0 14379 1466.7 1,496.0 1,5259 1,556.4

Change from FY 2022 Budget Request
Percent change from FY 2022 Budget Request

12.9
0.9%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

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.

The Low-Earth Orbit Flight Test of an Inflatable
Decelerator (LOFTID) is a partnership between NASA’s
Space Technology Mission Directorate and the United
Launch Alliance (ULA) and is poised to revolutionize the
way NASA and industry deliver payloads to a planet’s
surface or into orbit, utilizing aerodynamic forces instead
of propulsion. LOFTID is scheduled to launch from
Vandenberg Air Force Base in late 2022. This image
shows LOFTID inflated in Building 1250 at LaRC.

The Space Technology Mission Directorate
(STMD) is dedicated to developing
transformative, crosscutting technologies that
enhance the capabilities and reduce the cost of
NASA, commercial, and other Government
missions. Through STMD, NASA invests in
high-risk, high-reward activities across the
technology development spectrum in
collaboration with the Nation’s aerospace
industry, academia, and small and large
businesses. These technology investments
support and stimulate a robust space economy.

Space Technology investments keep NASA’s
technology pipeline growing with emerging,
innovative technologies that benefit a wide range
of users, ensuring the Nation realizes the full
economic value and societal benefit of these
innovations. STMD's technology portfolio
includes broad technology applications
addressing multiple stakeholder needs and
actively engages them to identify opportunities of

common interest to better leverage Government
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investments. The Industry and Commerce Innovative Opportunity will foster commercial markets through
collaboration by investing in industry-developed space technologies that can advance the commercial
space sector and benefit future NASA missions. And, finally, NASA is actively promoting one of the
Administration’s priorities by encouraging diversity both within the Agency and the larger aerospace
community. STMD promotes innovation within underserved communities by increasing program
participation from women and socially or economically disadvantaged businesses, historically black
colleges and universities (HBCU), and minority serving institutions (MSI) in its programs. NASA utilizes
extensive university research, science, and technology expertise to advance the Agency's missions, while
furthering the career development of the Nation’s next generation of scientists, technologists, and
explorers. STMD has over 500 different academic partners supporting research and technology projects
that foster greater interest in STEM careers and support technological advancement and economic growth.

STMD continues to leverage and diversify its industry partners, creating new ways of engaging and
working with the commercial space industry as a potential user and not just a provider of new
technologies; thereby, enabling and enhancing NASA and commercial mission needs through innovation
and job creation. Additionally, STMD continues to seek recommendations from the National Academies'
Space Technology Industry-Government-University Roundtable (STIGUR) and the NASA Advisory
Council's (NAC) Technology, Innovation, and Engineering (TI&E) Committee, and fosters partnerships
and collaborations by routinely engaging industry and academia through venues such as the Lunar
Surface Innovation Consortium (LSIC), conferences, and symposiums.

EXPLANATION OF MAJOR CHANGES IN FY 2023

Compared to the FY 2022 President's Budget Request, the FY 2023 funding request includes $5 million
to initiate the On-orbit Servicing, Assembly and Manufacturing (OSAM) Consortium consisting of
Government departments and agencies, universities, non-profit research institutions, NASA centers and
mission directorates, and commercial companies. Additionally, this budget provides $15 million for
nuclear propulsion.

RECENT ACHIEVEMENTS

In FY 2021, Space Technology's programs contributed to the development of transformative space
technologies primarily intended to enable NASA’s future robotics, science, and human exploration
missions. NASA’s investments in space technology advanced capabilities for science and exploration and
initiated new prize competitions and partnerships that helped solve complex challenges needed to fulfill
the Agency’s goals in space.

EARLY STAGE INNOVATIONS AND PARTNERSHIPS
Space Technology Research Grants

e The Space Technology Research Grants (STRG) Program continued to challenge the spectrum of
academic researchers to examine the theoretical feasibility of ideas and approaches that are critical to
making science, space travel, and exploration more effective, affordable, and sustainable. In FY 2021,
NASA made 14 Early Stage Innovation awards, six Lunar Surface Technology Research (LuSTR)
awards, six Early Career Faculty awards, and 58 NASA Space Technology Graduate Research
Opportunity awards.
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NASA Innovative Advanced Concepts (NIAC)

NIAC continued to “Change the Possible” in acrospace and aeronautics missions by investing in early
innovative and visionary concept studies. NIAC nurtured visionary ideas that could transform future
NASA missions with the creation of breakthroughs, while engaging America’s innovators and
entrepreneurs as partners in the journey. In FY 2021, NIAC made 23 awards (16 Phase I, six Phase I,
and one Phase III) covering a wide range of disciplines and missions. The awards reflected an influx
of new innovative aerospace concepts where 45.9 percent were new proposals and an increase in
diversity where NIAC solicitations are attracting and engaging more female awardees.

Prizes, Challenges and Crowdsourcing (PCC)

The Prizes, Challenges, and Crowdsourcing (PCC) Program, which conducted and promoted the use
of prize competitions and crowdsourcing as tools to advance NASA research and development,
awarded a total of $3.6 million in cash prizes for FY 2021 and managed 65 active projects to advance
NASA’s mission and enhance connections with the public through open innovation tools and
approaches. PCC received 25,775 solutions through the National Tournament Lab public-facing
challenges, crowdsourcing platform using the internal NASA@WORK, and Centennial Challenges.
PCC is also expanding its digital reach, has 334,000 followers, and is engaging people from across
100 countries and all 50 states.

Technology Transfer

The NASA Technology Transfer (T2) Program executed 211 licensing agreements for technologies
and software, the most the program has ever achieved in a fiscal year. NASA signed 5,184 Software
Usage Agreements. This success can be directly attributed to streamlining and automating processes
like licensing applications to create a more “customer-friendly”” approach to working with the Federal
Government. Also, in FY 2021, T2 held a total of 130 virtual in-reach events, which reached more
than 7,400 innovators.

TECHNOLOGY MATURATION (GAME CHANGING DEVELOPMENT [GCD]
PROGRAM AND LUNAR SURFACE INNOVATION INITIATIVE [LSII])

Since its inception in 2019, the Lunar Surface Innovation Initiative (LSII) has engaged over 400
organizations across 48 states and Puerto Rico to advance the technologies needed to explore the
lunar surface and stimulate economic development.

The Safe & Precise Landing Integrated Capabilities Evolution (SPLICE) project is a suite of precision
landing and hazard-avoidance technologies. Three of SPLICE’s four main subsystems had their first
integrated test flight on a Blue Origin New Shepard rocket on October 13, 2020. Engineers used data
to make slight adjustments to the navigation system before the second flight aboard Blue Origin’s
New Shepard rocket, which occurred on August 26, 2021.

In September 2021, NASA awarded contracts to five companies to mature vertically deployable solar
array systems for the lunar surface under the Vertical Solar Array Technology (VSAT) project, which
aims to support NASA’s long-term lunar surface operations. All five companies — Astrobotic,
Honeybee Robotics, Maxar, Northrop Grumman, and Lockheed Martin — are designing prototype
systems of highly-reliable power sources using tall, vertically-structured solar arrays that will help
prevent loss of power at the lunar poles where the Sun does not rise very far above the horizon.
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The BIG Idea Challenge, a unique collaboration between STMD GCD and the Office of STEM
Engagement (Space Grant Consortium), now in its seventh year, invites university students to tackle
some of the most critical needs facing space exploration and the mission capabilities that could make
new discoveries possible. The challenge provides undergraduate and graduate students working with
faculty advisors the opportunity to design, develop, and demonstrate their technology in a project-
based program over the course of a year-and-a-half. In FY 2021, NASA selected seven university
teams to receive grants (total combined value of nearly $1 million) to develop innovative lunar dust
mitigation solutions. Also, in August 2021, NASA launched the 2022 competition, which invites
students to develop innovative and cost-effective robots that go beyond wheeled rovers capable of
exploring other worlds.

TECHNOLOGY DEMONSTRATION MISSIONS

The Laser Communications Relay Demonstration (LCRD) project successfully launched on the U.S.
Space Force Test Program 3 mission (STP-3) on December 7