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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1994 BUDGET ESTIMATES
GENERAL STATEMENT

The National Aeronautics and Space Administration (NASA) leads the United States®™ preeminent programs in
aeronautics, space exploration, and flight activities for peaceful purposes. Its unique mission of
exploration, discovery, and innovation has preserved the United States as both the leader in world aviation

and as the preeminent spacefaring nation.

The NASA FY 1994 budget request of $15.265 million demonstrates the President™s strong commitment to space
and aeronautics. This budget concentrates on:

o Investing in the development of new technologies including a particularly aggressive program in
aeronautical technology: to improve the competitive position of the United States, through shared

involvement with industry and other government agencies:

o Continuing the nation®"s premier program of space exploration. to expand our knowledge of the solar
system and the universe as well as the Earth. in an effort to understand the nature of global

environmental problems: and

o Providing safe and assured access to space using both the Space Shuttle and Expendable Launch Vehicles.

This budget request strengthens the leadership position of NASA as an innovator and the future
competitiveness of the United States by investing in the scientific and engineering community. NASA has
undertaken a far reaching evaluation of all its activities to search for new ways of doing business and to
find significant savings. Special teams conducted intense reviews of all the Agency®s programs, and the
results of these reviews have been incorporated into the NASA program. In addition, the Presidant has
directed NASA to undertake an intense effort to redesign the Space Station. Funding for the Space Station,
activities which support utilization of the Space Station, and other initiatives to stimulate the
development of new technology is included in the Space Station and New Technology Investments package.
Details of these activities will be provided in June as part of the redesigned Space Station package.
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The Space Science and Applications program is designed to expand our understanding of scientific phenomena,
ranging from the intricacies of the universe to the subtleties of the planet Earth. The FY 1994 budget
provides for a carefully coordinated and logically phased set of research and development activities to:

o Advance our scientific knowledge of Earth and the global processes which shape our environment:

o Explore the solar system using automated spacecraft in conjunction with ground-based observations and
research:

o Expand our comprehension of the universe beyond the solar system using the full range of capabilities
from Explorer spacecraft to the "Great Observatories:

o Increase our knowledge in the life sciences on key issues ranging from human performance and habitation
in space to the basic life processes and the potential of life elsewhere in the universe: and

o Understand and develop the potential benefits of the microgravity environment in materials sciences and
other applications.

The Space Science and Applications program has been restructured into three new organizational elements.
Space Science includes activities related to the exploration of the solar system. our understanding of the
origin and evolution of the universe, the fundamental laws of physics. and the formation of the stars and
planets. Life and Microgravity Sciences includes activities supporting use of the unique environment of
space to increase our understanding of the impact of microgravity on the human body and the behavior of
materials. Mission to Planet Earth includes activities which support increasing our understanding of the
global environment as an integrated system.

Space Science

Development is continuing on the Advanced X-ray Astrophysics Facility (AxaAF) and Cassini missions. The AXAF
and Cassini programs have undergone significant revision to accommodate constrained outysar funding
availability. The AXAF program now includes two missions. AXAF-1 is scheduled for launch on the Space
Shuttle in FY 1998. although NASA is actively pursuing procurement of a Titan IV expendable launch vehicle
for this mission. AXAF-S is scheduled for launch in CY 1999 on a medium-class expendable launch vehicle.
The AXAF-1 will focus on high resolution imaging and dispersive spectroscopy, and the AXAF-S will perform
high spectral resolution spectroscopy. The Cassini spacecraft has been redesigned to accommodate
constrained funding in FY 1993 and a reduced total runout cost, while maintaining the October 1997 launch
date and mission science objectives. Funding is also included to continue development of the Global
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Geospace Science (GGS) Wind and Polar spacecraft. the ongoing Explorer program and the Gravity Probe-B
mission. Funding to provide experiment hardware and research support for a Spacelab visit to the Russian
Space Station Mir. scheduled for 1995. is included. This mission will augment ongoing data exchange on
experimental results from Mir"s long-duration missions. Mission Operations funding will support the Hubble
Space Telescope servicing mission. scheduled for December 1993. and previously launched missions. including
Mars Observer, Galileo. Ulysses. the Cosmic Background Explorer (CoBE), the Extreme Ultraviolet Explorer
(guvE), and the Solar. Anomalous. and Magnetospheric Particle Explorer (sSAM?EX)., In addition, funding for
science data management, archiving and science networking are also provided for under the Space Science
program.

Life and Micronravitv_Sciences

Funding is included for continuing research activities in understanding the response of biological
mechanisms and materials science to weightlessness, and the development of experiment hardware for use on
the Space Shuttle. In Life Sciences, definition and development of experiments and hardware for Spacelab
Life Sciences (3Ls) series and other international flight opportunities will continue. including the 1995
Shuttle/Mir rendezvous mission. A main theme iIn the research conducted in Life Sciences is the use of
gravity as an experimental variable to define the responses of biological systems to a micro- or zero-
gravity environment. Funding is included to expand cooperation with the National Institute of Health (NIH)
in biomedical research programs. Specific research initiatives are under development to expand
participation of the mainstream biomedical community in the NASA Life Sciences program. NASA will have the
lead in joint space flight research activities: NIH will lead in joint ground-based research activities.

Funding for Microgravity research will continue basic and applied research activities as well as the payload
development effort, using Shuttle middeck, Spacelab. and cargo-bay experiments leading to several flights
over the next few years, including the International Microgravity Laboratory (IdL-2) mission, the U.S.
Microgravity Laboratory (uUsML), and the U.S. Microgravity Payload (usMP) series. Funding to support the
mission planning, management, and integration activities are included in this program.

Mission to Planet Earth

NASA is a major participant in the U.S. Global Change Research program. The Earth Observing System (E0S)
and Earth Probes are the major NASA contributions to this program, and remain high priorities. Several
changes have been made to the EOS program to reduce the program®s overall cost, however, no change to the
science objectives of the program have been made. Funding for the Earth Probes, which will address
specific. highly-focused Earth science investigations requiring unique orbits or special sensor
environments, is included. This program includes a Total Ozone Mapping Spectrometer (TOMS) free-flyer
scheduled for launch in 1993. a TOMS instrument which will be launched aboard the Japanese ADEOS mission.
the Scatterometer scheduled for launch in 1995, and the Tropical Rainfall Mapping Mission (Ta¥M) scheduled
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for launch in 1997. In addition. a TOMS instrument was launched aboard a Soviet spacecraft in 1991.
Mission Operations funding is included for the Upper Atmosphere Research Satellite (UARS) data analysis.
which initiated the U.S. Global Change program. Funding is also included for continued development of
Landsat-7. which is being managed by a joint ¥NASA/p0D team. The data provided by Landsat-7 will be an
integral part of the U.S. Global Change program. An active basic research program is also maintained.

Space Trangportation

The Space Transportation program continues safe operation of the fleet of Space Shuttles, accomplishing
seven Tlights during FY 1992. The Space Shuttle Endeavour flew its maiden voyage in May 1992. during which
the Intelsat satellite was retrieved and repaired, and three new spacewalk records were set. Other missions
accomplished during 1992 included two highly successful Spacelab missions focusing on Material Science, the
first dedicated Astrophysics Laboratory (ATLAS-1) flight, launch of a DOD satellite, and the initial flight
of the U.S. ltalian Tether Satellite system.

The Shuttle program has undergone an intense review to reduce costs without sacrificing safety. Management
operations efficiencies and program changes have been incorporated which result in significant savings.
Funding for the highest priority Safety and Obsolescence Upgrade activities is included, as is funding for
high risk Structural Spares items. Funding for the continued development of the Advanced Solid Rocket Motor
is included. The budget provides for conducting eight missions per year as a baseline flight rate. Funding
is included to purchase a docking mechanism from the Russians and make the necessary modifications to the
Shuttle to support the planned rendezvous and docking with the Russian Space Station Mir and to support
missions of up to 30 days.

Aeronautics Research and Technoloav

Aviation in general, and the aeronautics industry in particular, play a major role in supporting the
economic strength, transportation infrastructure and national defense capabilities required for the long-
term well being of the United States. Increased investment in aeronautics research, technology and
facilities, as well as high-performance computing capabilities, is an important element in the President"s
plan to revitalize technology development to strengthen America®s competitive position. The goal of the
Aeronautics program is to conduct aeronautical research and develop technology to strengthen the U.S.
leadership in civil and military aviation. This is accomplished by maintaining a broad-based research and
technology program utilizing advanced facilities. laboratories. computers and technical staff, with
extensive involvement of the U.S. university and industrial sectors.

This budget request maintains a strong commitment to develop a broad technology base in support of the
aviation industry. enhance safety and capacity of the national airspace system. and assure U.S. superiority
for national defense. Funded is including to augment the High Speed Civil Transport (HSCT) program by
conducting research to develop the advanced propulsion, materials. aerodynamics, and flight deck
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technologies that are required to assure future environmental compatibility, as well as economic viability.
Funding is included for the Advanced Subsonic Technology program. This program will conduct advanced
technology for aircraft noise reduction and major aviation system capacity increases through improvements in
terminal area productivity. This program will take advantage of industry and Federal Aviation
Administration (FAA) cooperation to accelerate applications of these advanced technologies to U.S. aircraft
and engine manufacturers and to implement them in the National Aviation System. NASA will also continue as
a full and active participant in the multiagency High-Performance Computing and Communications (HPCG)
program. NASA"s activities are focused on enabling broad advances in aerospace vehicle design. space and
Earth systems science. This approach leverages current NASA leadership. while strengthening the capability
for sustained high-performance computing research.

Transatmospheric Research and Technoloav

Funding i1s included to continue the Transatmospheric Research and Technology program, NASA"s contribution to
the National Aero-Space Plane (NASP) program. The program continues to make significant advances in the
technology base. The technology base includes propulsion, materials and structures, control. and
applications of computational fluid dynamics. High-risk program elements (primarily ascopropulsion) and
hypersonic flight tests of critical technology elements are the near-term focus.

Advanced Concepts and Technoloav

A new organization. the Office of Advanced Concepts and Technology (0AcCT), was established in the fall of
1992 to improve the way in which NASA approaches the development and transfer of advanced technology. as
well as the commercialization of space and space technologies. The process of integrating the activities of
the Space Research and Technology program and the activities of the Office of Commercial Programs, will be
completed in FY 1993.

The Space Research and Technology program develops the technology base on which our current and future
capabilities in space depend. The Research and Technology program is responsive to the strong and
continuing consensus that investments in advanced research and technology are essential to our future
success In space. The program consists of two complementary parts: the Research and Technology (R&T) Base
and the Civil Space Technology Initiative (CSTI). The RrR&T Base serves as the seedbed for new and innovative
technologies and capability enhancement. The CSTI will continue to provide specifically for the development
of selected technologies at larger scale or higher levels of maturity and, as required, in the relevant
environment of space. This will facilitate a more effective technology transfer to the user programs, will
reduce missions costs and increase safety and reliability.



NASA continues its commitment to encourage a healthy and expansive commercial space industry through the
Technology Transfer and Commercial Use of Space programs. The FY 1994 budget request includes funding in
support of the Centers for the Commercial Development of Space (¢cbs) and to support the flight tests
required by CCDS hardware development activities. The Commercial Hiddeck Augmentation Module (CHMAM) will
make its initial flight in FY 1993. providing expanded access to the space environment for experiments
developed by the ¢cpss. Initial flight of the GOMmsrcial Experiment Transporter (COMET) is also planned for
FY 1993.

NASA also seeks to involve the commercial sector in developing the infrastructure for research and working
in space. Through the Technology Transfer program, we enhance and accelerate the application and use of
aeronautics and space technology by the public. private and academic sectors.

Space and Ground Networks, Communications and Data Systems

The FY 1994 budget provides the vital spacecraft tracking. communications, telemetry. command, data
acquisition, communications and data processing support to meet the requirements of all NASA flight
projects. The Second Tracking and Data Relay Satellite System (TDRSS) Ground Terminal (STGT) will be
operational in FY 1994 and work on the upgrade of the current White Sands Ground Terminal will continue.
Launch of the Replacement TDRS (TDRS-7) is planned for 1995 on the Space Shuttle. Funding is included to
procure replenishment TDRS spacecraft that are functionally equivalent to the current spacecraft.

Academic Programs

Science and mathematics achievement is an integral element of the National Education Goals, and NASA®s
Academic program strongly support making U.S. students first in the world in science and mathematics
achievement by the year 2000. NASA"s programs at the pre-college. college. and graduate levels are designed
to capture and channel student interest in science, engineering, mathematics and technology as well as
enhance teacher knowledge and skills related to these subjects. NASA is particularly committed to expanding
the opportunities for women and underrepresented minorities in engineering. science and technologies. NASA
is seeking to expand the future pipeline of workers to reflect the cultural diversity of the United States.
by providing support, through research opportunities and fellowships. to students of underrepresented
populations who are pursuing degrees in engineering and science. Funding is provided to Historically Black
Colleges and Universities and other Minority Universities to allow them to build their research
infrastructure and institutional capabilities. The programs which comprise the NASA education effort are
supportive of national educational reform movements which are seeking to strengthen learning. teaching and
assessment standards.
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Institutional Capability

The NASA institutional capability is the fundamental underpinning for successful accomplishments of the
Nation®s Aeronautics and Space program. This capability is comprised of the people who plan, conduct and
oversee-the research, development and test activities of NASA, as well as the valuable and unique NASA
facilities. The FY 1994 request provides for the necessary facility development and maintenance to support
the NASA program and to support a Full-Time Equivalent (#TE) manpower level of 23.623.

The NASA facilities are unique national resources and are the key to maintaining our Nation"s leadership
position. The maintenance and modernization of these facilities is a high priority to protect the huge
investment the Nation has made in them. The Aeronautical facilities are used not only by NASA but are also
depended on heavily by the DOD and the U.S. industry, and are key to making the industry more competitive.
A significant new initiative is included to expand the National Aeronautics Facilities Upgrade program begun
in FY 1993 to improve the capability of these aeronautics facilities. Funding is also included to support
facilities requirements for the EOS. Space Communications, and Space Flight programs.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FY 1994 BUDGET SUMMARY
(Millions of Dollars)
Budget Plan

QUTLAY

1992 41993
RESEARCH AND DEVELOPMENT 6,827.6 7.089.3
Space station & new technology investments 2,002.8 2,122.5
Space transportation capability development 739.7 649.2
Physics and astronomy 1,036.7 1,103.8
Planetary exploration 534.2 473.7
Life sciences 157.6 140.5
Life & microgravity sciences & applications
Space applications 985.1 1.148.0
Mission to planet Earth
Space research and technology 309.2 272.7
Commercial programs 147.6 164.4
Aeronautical research and technology 788.2 865.6
Transatmospheric research and technology 4.1 --
Safety. reliability and quality assurance 33.6 32.7
Academic programs 66.8 92.9
Tracking and data advanced systems 22.0 23.3
SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS 5.384.8 5,086.0
Shuttle production and operational capability 1,296.4 1,053.0
Shuttle operations 3,029.3 3,016.0
Launch services 155.8 180.8
Space and ground networks. communications & data systems 903.3 836.2
CONSTRUCTION OF FACILITIES 531.4 525.0
RESE AND PROGRAM MANAGEMENT 1,575.8 1.615.0
INSPECTOR GENERAL 139 151
TOTAL BUDGET AUTHORITY 14,333.5 14,330.4

13,959.9 14,077.6

155

15.265.0
14.670.0
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1994 ESTIMATES

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS

(Millions of Dollars)

TOTAL & &D SFC&DC CofF R&PM IG

Fiscal Year 1992
Appropriation P.L. 102-139 14,352,775 6,413,800 5,157,075 525,000 2,242,300 14,600
Appropriation Transfer P.L. 102-139 -- 438,556 227,700 -- -666,256 --
Recissi Jwprsuaot to P L 102-298 -4 050 -4 050 -- -- -- --
Recission Pyrsuaot to P L 102-389 -14 300 -14 300 - - -- -- --
Transfer Betwe . Acco-nts -- -6 400 -- 6 400 - -
Lagse of QY 1992 Uonobligated Funds -911 -- e - - =723
Total Budget Plan 14 333 514 6 827 Q06 S 384 7375 531 400 1 575 859 13,877

Fiscal Year 1993
Appropriation P.L 102-389/p.dget Pl=n 14 330 376 J 089 300 5 086 000 525 000 1 015 014 15,062
Progos»® S~gglemental (4,696) (4,696) - - -- -- --
Total Budget Plan 14 330 376 7 089 300 5 086 000 525 000 1 015 Q14 15,062

Fiscal Year 1994
Appropriation Request/Budget Plao 15 265 Q00 T 712 300 5 316 900 545 300 2 73 000 15,500
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1994 ESTIMATES

SUMMARY OF BUDGET PLANS BY INSTALLATION BY APPROPRIATION

Space Flight Control
and Data Communications

2,876,649
1,554,223
2,988,362
83,040
2,159,455
815,689
685,863
555,682
1,013,649
1,340,658
0

218,744

23,300

1,999,546
1,514,424
2,700,410
92,232
2,248,050
893,509
721,921
844,419
7613
1,120,936
2,300,000

195,040

27,000

1,279,921
1,081,700
1,893,400
41,200
665,723
17713
18,900
201
64,700
161,201
0

1,248,300
1,088,400
1,678,301
37,600
610,121
187,400
22,363
0
46,500
167,015
0

1,311,500
1,077,200
1,839,120
41,500
610,180
185,800
24,000

0

145,700
81,500

0

1,419,927
269,053
962,507

24,069

1,156,939
610.556
427,959
1.970
679,608
875,010

0

1,360,058
267,752
1,005,716
17,157
1,257,313
618.219
437,876
360,611
762,995
1,001,603
0

399.375
212,237
580,633

18,563

1,325,670
695,789
479,342
435,622
409,884
5,176

2,300,000

40,410

31,3%

2.1
1,936

34,175
10,070
62,748
15,470
25,820

570

27,565
5,40
37,810
16.40
45,880
11,920
49,050
22,180
50,260
5,255

245,94
155,464
231.67
14,264
249,989

158,860
172,851
172,326
174,501

14,643
257,846

162,876
179,601
178,334
171,470

261,086

168,557

2847
15.20

169,529
186,617
185,769
179,005

15,062

( {
.
1992
Johnson Space Center .eassssas 2,977,315
Kernnedy Space Center wwsssssss 1,567,295
Marshall Space Flight Center . 3,144,023
Stennis Space Center.......... 96,319
Goddard Space Flight Center .. 21 17.153
Jet Propulsion Laboratory .... 860,69
Ames Research Center sasssssss 646,129
Langley Research Center sssmss 546,385
Lewis Research Center sussssss 930.309
Keadquarters .....ceessssssssss 1,212,738
Space Station ¢ Under Review) 0
Undistributed Construction of
Facilities:
vVarious Locations ...eussess 184,307
Facility PIming
ad Design ..uiianieannans 27,880
Total Budget Plan ........ eees 14,319,637
13,877
14,333,514

14,330,376

15,265,000
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DISTRIBUTION OF FULLTIME EQUIVALENT WORKYEARS BY INSTALLATION

JOHNSON SPACE CENTER
KENNEDY SPACE CENTER
MARSHALL SPACE FLIGHT CENTER
STENNIS SPACE CENTER
GODDARD SPACE FLIGHT CENTER
AMES RESEARCHCENTER
LANGLEY RESEARCH CENTER
LEWIS RESEARCHCENTER
HEADQUARTERS

SUBTOTAL, FULL-TIME PERMAMENTWORKYEARS
OTHER THAN FULL-TIME PERMAMENT WORKYEARS
SUBTOTAL, CEILING CONTROLLED FTE
CORE

GRAND TOTAL, CEILING CONTROLLED FTE

1993 1994
1992 BUDGET CURRENT BUDGET
ACTUAL ESTIMATE ESTIMATE ESTIMATE
3,640 3,631 3,606 3,548
2,543 2,510 2,508 2,467
3,735 3,650 3,660 3,560
221 216 213 211
3,988 3,985 3,954 3,894
2,256 2,225 2,211 2,185
2,946 2,925 2,914 2,869
2,799 2,787 2,757 2,725
1.932 2.006 1,934 1,924
24,060 23,935 23,757 23,383
270 296 232 240
24,330 24,231 23,989 23,623
500 0 0
24,330 24,731 23,989 23,623
AS 11
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1994 ESTIMATES

The FY 1994 multi-year budget estimate is submitted in accordance with the NASA FY 1989 Authorization Law

(P.L. 100-685). The enclosed table contains the budget estimates for FY 1994. along with the Administration®s
projections for 1995 and 1996. The President has directed NASA to undertake an intense effort to redesign the
Space Station. Funding for the Space Station. activities which support utilization of the Space Station, and

other initiatives to stimulate the development of new technology is included in the Space Station and New

Technology Investments package. Details of these activities will be provided in June as part of the redesigned
Space Station package.
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FY 1994 PRESIDENT'S BUDGET

RESFARCH & DEVEI OPMENT

SPACE STATION & NEW TECHNOLOGY INVESTMENTS

SPACE TRANSPORTATION CAPABILITY DEV

PHYSICS AND ASTRONOMY
PLANETARY EXPLORATION

LIFE SCIENCES

LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS
SPACE APPLICATIONS

MISSION TO PLANET EARTH

SPACE RESEARCH AND TECHNOLOGY
COMMERCIAL PROGRAMS

AERONAUTICAL RESEARCH AND TECHNOLOGY (o(?ﬁ
TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY

SAFETY, RELIABILITY AND QUALITY ASSURANCE
ACADEMIC PROGRAMS
TRACKING AND DATA ADVANCED SYSTEMS

SPACE FLIGHT, CONTROL & DATA COMMUNICATIONS

SHUTTLE PRODUCTION AND OPERATIONAL CAPABILITY
SHUTTLE OPERATIONS

SPACE & GROUND NETWORKS, COMMUNICATIONS & DATA SYS
LAUNCH SERVICES

CONSTRUCTION OF FACILITIES
RESEARCH AND PROGRAM MANAGEMENT
INSPECTOR GENERAL

TOTAL

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FY 1994 MLILTI-YEAR BUDGET ESTIMATES
IN MILLIONS OF REAL YEAR DOLLARS

1992
PAST
YEAR
6,827.6
2,002.8
739.7
1,036.7
534.2

157.6

985.1

14,333.5

1993
CURRENT
YEAR
7.089.3
21225
649.2
1,103.8
473.7
140.5
1,148.0
272.7

164.4

865.6
00

32.7

92.9
233

14,330.4

1994
BUDGET
YEAR
7,712.3
2,3000

649.2

1,074.7
557.2

3510
10749

298.2
172.0

1,020.7
80.0

353
745
246

155

15,265.0

1995

ESTIMATE

1,147.3
561.8

3207
1,448.1

3331
1414

1,115.0
385
815

251

5371 .0

1996
ESTIMATE

8,341.3
2,300.0
639.0

1,183.4
492.6

2820
1,508.4

372.1
132.7

1,178.8
100.0

m2






NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT
, FISCAL YEAR 1994 ESTIMATES

GENERAL STATEMENT

The objectives of the National Aeronautics and Space Administration program of research and development are to
extend our knowledge of the Earth. its space environment, and the universe: to expand the technology for practical
applications of space technology: to develop and improve manned and unmanned space vehicles: and to assure
continued development of the long-term aeronautics and space research and technology necessary to accomplish
national goals. These objectives are achieved through the following elements:

SPACE STATION AND NEW TECHNOLOGY INVESTMENTS: A program to provide for a redesigned Space Station. which will
provide significant research capabilities in life sciences and materials science. and a series of new technology
investments to contribute to U.S. scientific, technological and economic goals. The details of this package will
be submitted to the Congress in June.

SPACE TRANSPORTATION CAPABILITY DEVELOPMENT: A program to provide for the development and use of capabilities
primarily related to the Space Shuttle. The principal areas of activity in Space Transportation Capability
Development are efforts associated with the development and operations of the Spacelab system for NASA Shuttle
payloads: engineering and technical base support at the manned NASA centers: payload operations and support
equipment: support for the planned Mir-Shuttle rendezvous and joint Spacelab mission: and advanced programs study
and evaluation efforts.

SPACE SCIENCE: This program conducts a broad spectrum of scientific investigations to advance our knowledge of
the sun, the planets. interplanetary and interstellar space, and the stars of our galaxy and the universe.

LIFE AND MICROGRAVITY SCIENCE: A program to identify and develop the technology for the useful applications of
space techniques in the area of materials process research and experimentation. and to explore the effect of the
zero-gravity environment of space on human physiology.
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MISSION TO PLANET EARTH: A program to provide for the use of space systems. supported by ground-based and
airborne observations. to acquire information which will assist in the solution of Earth resources and

environmental problems.

5pAC3 RESEARCH AND TECHNOLOGY: A program of advanced research and technology development to ensure the
technologies crucial to support current and future capabilities in space are available.

COMMERCIAL USE OF SPACE: A program to encourage increased industry investment and participation in high
technology. space-based research and development. through expanded access to the space environment for experiments
developed by the private sector. and the dissemination of advances achieved in NASA®"s research. technology and
development program to both the public and private sectors.

AERONAUTICS RESEARCH AND TECHNOLOGY: A program to conduct the fundamental long-term research and to develop the
discipline and systems technology required to maintain United States leadership in aeronautics.

SAFETY. RELIABILITY AND QUALITY ASSURANCE: A program to enhance the safety and technical execution of NASA
programs.

ACADEMIC PROGRAMS: This program includes activities to support Agencywide university. minority university, and
elementary and secondary school programs.

TRACKING AND DATA ADVANCED SYSTEM: This program includes activities to perform studies and provide for the
development of systems and techniques leading to improve tracking and data program capabilities.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND DEVELOPMENT
FISCAL YEAR 1994 ESTIMATES

SPACE STATION & NEW TECHNOLOGY INVESTMENTS
3PACE TRANSPORTATION CAPABILITY DEVELOPMENT
PHYSICS AND ASTRONOMY

PLANETARY EXPLORATION

LIFE SCIENCES

LIFE & MICROGRAVITY SCIENCES & APPLICATIONS
SPACE APPLICATIONS

MISSION TO PLANET EARTH

SPACE RESEARCH AND TECHNOLOGY

COMMERCIAL PROGRAMS

AERONAUTICAL RESEARCH AND TECHNOLOGY
TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY
SPACE EXPLORATION

SAFETY. RELIABILITY AND QUALITY ASSURANCE
ACADEMIC PROGRAMS

TRACKING AND DATA ADVANCED SYSTEMS

TOTAL

1992 Budget 1993 Current
Actual =~ Estimate = = Estimate
(Millions of Dollars)

2,002.8 2,250.0 2,122.5
739.7 863.7 649.2
1,036.7 1,113.5 1,103.8
534.2 487.2 473.7
157.6 177.2 140.5
985.1 1,207.1 1,148.0
309.2 332.0 272.7
147.6 171.6 164.4
788.2 890.2 865.6
4.1 80.0 --
(3.5) 31.8 --
33.6 32.5 32.7
66.8 71.4 92.9
22.0 23.2 23.3
6.,827.6 1,731.4 7.089.3

1994
Budget
Estimate
2,300.0
649.2

1,074.7

557.2

351.0

1,074.9
298.2
172.0

1,020.7

80.0

35.3

74.5

7,712.3
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

ResearcH AND DEVELOPMENT
[ ANCLUDING RESCISSION OF FUNDS)]}

For necessary expenses, not otherwise provided for, including re-
search. development, operations, services, minor construction. mainte-
nance. repair, rehabilitation and modification of real and personal
property; purchase, lease, charter, maintenance. and operation of mis-
sion nnd administrative aircraft, necessary for the conduct and sup-
port of aeronautical and space research and development activities of
the National Aeronautics and Space Administration; not to exceed
$35.000 for official reception and representation expenses; and pur-
chase (not to exceed thirty-three for replacement only) and hire of
passenger motor vehicles; [$7,089,300,000] $7.638,300.000, to remain
available until September 30, [1994. Provided, That $2,100,000.000
shall be made available for implementing the restructured. Space
Station Freedom program without substantive deviation from the on-
orbit assembdly sequence outlined by NASA in March 1990, endorsed
by the National Space Council, and confirmed by the Committees on
Appropriations in House Report 102-226: Provided further, That
$391,000,000 shall be made available for the development of the Earth
Observing System (EOS) and EOS Data Information System
(EOSDIS)] 1995.

the amounts made available under this heading in Public Law
102-139,514.300.000 for the Climsat mission are rescinded.] (Depari-
ments of Veterans Affairs and Housing and Urban Development, and
Independent Agencies Appropriations Act. 1893.)

In addition to amounts otherwise available under this
head, and subject to the same terms and conditions,
$74,000,000, for subsomic and bigh-speed research and
technology development Tor whort-haul civil aviation
aircraft, and for the application of high performance
computing and communicatiozs to various national
needs.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT

REIMBURSABLE SUMMARY
(In thousands of dollars)

Budget Plan

1992 1993 1994
Space StatloN. . .uvvvverennnnsssnnnnsssssnnnns 2,417 2,833 440
Space transportation capability development. 78,615 61,509 63,749
Physics and astronomy........cooeuevuernennss 9,170 3.420 5.574
Planetary exploration...........cccvvuvvnnnn 405 461 490

Life SCIENCeS.....iiiiiiiii i iinnnnnnnnns 825 1.007
Life and microgravity sciences and applications 785

Space applicationS......cveeeeennnnnnnnnnnns 435.733 589.472
Mission to planet Earth..................... 373.600
Space research and technology............... 22,324 33,312 34.344
Commercial programs.......ccevvvvnnnnerrnnns 4.637 3,501 3,600
Aeronautical research and technology........ 58.600 74,577 76.889
Transatmospheric research and technology.... 20,050 21,887 22.566
AcademiC pProgramS....vessssssssssssssnnnnnns 246 602 386
Safety. reliability and quality assurance... 647 791 770
Energy technology....vvvvvvvvssrssrnnnnnnnss 19.706 ~19.890 _20.507
L0 L = 653,375 813,262 603, 700
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NATIONAL AERONAUTICS AND SPACE ADMINSTRATION

FISCAL YEAR 1994 ESTIMATES
OISTRIWTIOW OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

.
Johnson Kennedy Marshall Stennis Goddard Jet Ames Langley Lewis
Space Space  Space Flight Space Space FIt Propulsion Research Research Research WASA
Program Total Center Center Center Center Center Lab Center Center Center K

Space Station & New 1992 2,002,745 976,469 87,800 424,375 .- 75 4,089 1455 3,609 307,805 197,068
Technology Investments 1993 2,122 467 946,967 101,200 471,300 P —-- 2,600 1,000 3,500 364,800 231,100
---------------------- 1994 2,300,000 UNDER REVIEY
Space Trans Cap Oev 1992 739,711 282,800 156,400 219,400 16,100 11,800 400 .- 1,000 800 51,011
"""""""""" 1993 649,216 239,600 142,300 188,400 9,600 11,600 cen .-- 1,500 1,100 55,116

1994 649,200 183,800 178,000 196,300 10,400 8,600 400 .- 1,900 1,400 638,400
Physics and Astronomy 1992 1,036,677 14,118 12,231 236,981 I 630,210 36,654 15,788 cen .- 90,695
--------------------- 1993 1,103,860 25 877 13,352 250,148 .- 652 481 44,548 23,701 e - 93,753

1994 1,074,700 12 .- 248,506 .- 653,281 51,751 30,578 —-- . 90,572
Planetary Exploration 1992 534,221 12,900 .- 800 ——- 11,900 399,521 17,100 650 aee 91,350
""""""""""" 1993 473,615 13,700 —-- 1,000 - 24,575 311,400 10,647 713 ee 111,580

1996 557,200 14,100 - 1,200 . 30,300 367,300 22,400 800 ——- 121,100
Life Sciences 1992 157,650 63,500 5,700 .- 100 300 700 63,050 800 200 23,300
------------- 1993 140,550 59,500 4,900 200 600 45 850 600 100 28,800
Life & Microgravity Sci 1994 351,000 118,884 24,758 89,360 --- 300 10,182 31,700- 2,200 36,800 36,816
Space Applications 1992 985,102 2,800 185 49,196 369 461,835 158,550 35,909 30,418 63,619 182,221
------------------ 1993 1,148,022 7,700 219 68,164 436 529,711 183,289 . 42,987 37,904 67,793 209,819
Mission To Planet Earth 1994 1,074,900 --- 254 15,672 508 581,384 182,805 38,932 37,707 1,864 215,774
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NATIONAL AERONAUTICS AND SPACE ADMINSTRATION

FISCAL YEAR 1994 ESTIMATES
DISTRIBUTION OF RESEARCH AND DEVHOPVENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

) ¢ Thousands of Dollars )
Johnson Kennedy Marshall Stennis Goddard Jet Ames Langley Lewis
Space Space Space Flight Space Space FIt Propulsion Research Research Research NASA
Program Total Center Center Center Center Center Lab Center Center Center HQ

Space Research & Tech 1992 309,172 15,090 2,673 25,202 640 21,845 44,186 31,643 55,066 72,939 39,888
--------------------- 1993 272,729 6,550 2,380 20,000 270 16,803 49,450 23,906 47,525 64,703 41,142
1994 298,200 7,700 3,800 23,300 300 23,800 56,700 28 600 50,600 66,300 37,100

Commercial Programs 1992 147,600 44,546 1,120 2,070 5,250 2,752 2,140 1,663 1,283 5,275 81,501
------------------- 1993 164,374 54,314 1,030 2,140 4,785 2,673 1,666 1,725 762 4,346 90,933
1994 172,000 70,065 2,400 2,403 5,835 3,291 2,041 1,345 1,035 3,717 79,868

Technology Transfer 1992 32,500 4,546 320 970 750 1,452 640 763 1,083 775 21,201
1993 29,495 2,495 380 1,000 785 1,298 675 1,225 527 880 20,230

1994 26,900 905 560 1,483 635 1,775 925 1,045 996 1,205 17,371

Commercial Use Of Space 1992 115,100 40,000 800 1,100 4,500 1,300 1,500 900 200 4,500 60,300
1993 134,879 51,819 650 1,140 4,000 1,375 991 500 235 3,466 70,703

1994 145,100 69,160 1,840 920 5,200 1,516 1,116 300 39 2,512 62,497

Aero Research & Tech 1992 788,192 --- .- --- --- 4,100 2,400 259,000 241,000 222,000 59,692
-------------------- 1993 865,587 --- .- --- --- 6,280 2,990 286,317 263,400 254,300 52,300
1994 1,020,700 .- --- --- --- 13,600 3,600 320,000 330,000 289,000 — 64,500

Transatmos Res & Tech 1992 4,136 --- .- 10 --- --- --- 901 2,250 893 82
--------------------- 1993 0 .-- --- --- .- .e- --- --- --- --- ---
1994 80,000 --- --- .-- --- --- .- 4,000 7,000 5,000 64,000
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NATIONAL AERONAUTICS AND SPACE ADMINSTRATION

FISCAL YEAR 1994 ESTIMATES
DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

Johnson Kennedy Marshal l Stemnis Goddard Jet Ames Langley Lewis

Space Space Space Flight Space Space Flt Propulsion Research Research Research NASA

Program Total Center Center Center Center Center Lab Center Center Center Ha
Safety,Reliability & QA 1992 33,600 3,914 1,818 2,636 620 4,268 5,370 150 2,282 4,232 8,310
----------------------- 1993 32,707 2,936 1,101 2,059 713 4,591 3,126 221 2,107 3,982 11,871
1994 35,300 2,140 1,925 1,660 480 2,mM 1,390 350 2,066 4,136 18,382
Academic Programs 1992 66,800 3,790 1,126 1,837 990 1,754 1,146 1,300 3,620 1,845 49,392
----------------- 1993 92,900 2,914 1,270 2,505 1,353 2,026 2,150 1,522 2,600 1,871 74,689
1994 74,500 2,674 1,100 2,232 1,040 1,952 2,020 1,437 2,314 1,667 58,064
Tracking & Data 1992 22,000 --- --- .-- --- 6,100 15,400 .- --- --- 500
Advanced Systems 1993 23,273 --- --- --- --- 6,373 16,400 - .-~ --- - 500
---------------- 1994 24,600 --- --- .-- --- 6,400 17,600 --- --- --- 600
TOTAL BUDGET PLAN 1992 6,827,606 1,419,927 269,053 962,507 24,069 1,156,939 670,556 427,959 341,978 679,608 875,010
1993 7,089,300 1,360,058 267,752 1,005,716 17,157 1,257,313 618,219 437,876 360,611 762,995 1,001,603
1994 7,712,300 399,375 212,237 580,633 18,563 1,325,679 695,789 479,342 435,622 409,884 855,176

NOTE: FY 1994 CENTER DISTRIBUTION DOES NOT REFLECT THE SPACE STATION AND
NEW TECHNOLOGY INVESTMENTS FUNDING CURRENTLY UNDER REVIEU
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1994 ESTIMATES
BUDGET SUMMARY

OFFICES OF SPACE FLIGHT AND SPACE SYSTEMS DEVELOPMENT
SUMMARY OF RESOURCES REQUIREMENTS

1993
1992 Budget Current
Actual Estimate Estimate
(Thousands of Dollars)
Spacelab.....ooviiiiiiiiii i 99.200 122,600 114.459
Upper StageS.....iverierinrinrnnsnnnnnss 41,200 (56.500) (47.700)
Engineering and technical base (ETB) ... 210.800 224,200 214,155
Payload operations and support
eQUIPMENT. . v v vt i iiee e nnnnnnnnns 130,100 153.600 131,500
Advanced pProgramsS.......veeesesssassnns 34,700 57.700 32,897
New launch system (NLS) vvveviernernnnns 28,000 125.000 10.042
Tethered satellite system (TSS) ........ 16,400 3,400 3,400
Research operations support............ 179,311 177.200 142.763
o] =1 [ 739,711 863,700 649,216
Distribution of program Amount By Installation
Johnson Space Center.........coviviunns 282.800 302,400 239,600
Kennedy Space Center..........cvevuuenns 156,400 173,900 142,300
Marshall Space Flight Center........... 219.400 298,000 188.400
Stennis Space Center........cvevevnrnss 16,100 22,900 9,600
Goddard Space Flight Center............ 11,800 9, 900 11,600
Jet Propulsion Laboratory.............. 400 400
Langley Research Center................ 1,000 700 1.500
Lewis Research Center.................. 800 500 1,100
Headquarters.....oovvevnrnnrnnnnnnnnnss 51.011 _55.000 55,116
Lo} =1 [P 739,711 863,700 649.216

1994
Budget
Estimate

139,900
(51,100)
203,400

95,400
60,700

149,800
849,200

183,800
178,000
196.300
10,400
8,600
400
1.900
1,400
68,400
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1994 ESTIMATES

OFFICES ©F SPACE FLIGHT AND SPACE SYSTEMS DEVELOPMENT SPACE TRANSPORTATION PROGRAM

OBJECTIVES AND JUSTIFICATION

Space Transportation Capability Development funds a variety of activities which are needed to fully utilize
the manned transportation program. Major activities include: (1) The Spacelab program: (2) the maintenance
of an Engineering and Technical Base (ETB) at the Kennedy Space Center. the Marshall Space Flight Center,
the Johnson Space Center, and the Stennis Space Center to serve as a source of technical expertise and
capability to support the various projects: (3) Payload Operations and Support Equipment to provide critical
services to NASA payloads: (4) an Advanced Programs activity needed to study. define, and develop
technologies for new capabilities in manned transportation: and (5) funding for Research Operations Support
(ROS) .

Not included in FY 1994 are the Space Shuttle to Space Station mating and iIntegration activities. The scope
and funding for these activities will be driven by the Station redesign effort currently underway. A
revised program plan consistent with the redesign proposal selected will be submitted to the Congress at a
later date.

Beginning In FY 1993. Upper Stage vehicles are included in the Launch Services budget which is managed by

the Office of Space Science. Management of the Solid Propulsion Integrity Program (s?I?) was moved from
Upper Stages to Advanced Programs and is discussed in that section of this narrative.
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SPACELAB

1993 1994

1992 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

(DISAV/=Y [o] o]111] o1 33,200 19.800 8.600 10.100
OperationNS....ceeessssnnnnssssssnnnnnns 66.000 102.800 105.859 129.800
Total..iviiiiii it iiiinnnnnnnnns 99,200 122,600 114,459 139,900

OBJECTIVES AND STATUS

The Spacelab i1s a versatile, reusable facility designed for installation in the cargo bay of the orbiter.
Spacelab can serve as both an observatory and a laboratory, thus giving scientists the opportunity to
conduct a large variety of scientific experiments in the unique environment of space. Ten foreign nations,
including nine members of the European Space Agency (£sA), have participated iIn this joint development
program with NASA. ESA designed, developed, produced, and delivered the first Spacelab hardware, and NASA
then procured an additional set of hardware from ESA under the terms of a ESA/NASA Memorandum of
Understanding and an Intergovernmental Agreement.

There are two basic Spacelab configurations, modules and pallets. However. the hardware can be set up In a
number of different combinations depending on the particular application, including using both modules and
pallets on the same mission. The modules consist of one or two cylindrical shells enclosed by two end
cones. Users may choose either a short module (one cylinder) or a long module (two cylinders) to meet their
particular needs. There are no current plans for a short module. Each module contains a core segment
housing basic subsystems (power. cooling, computers, data handling. =«te¢) and an experiment segment carrying
racks for conducting various experiments. The module is pressurized to allow a "shirt sleeve" working
environment. Easy crew access from the Shuttle middeck during Flight is provided by a pressurized tunnel.
Modules are generally used for life sciences and space processing applications such as the United States
Microgravity Laboratory (usML) and Space Life Sciences (SLS) missions.

Spacelab pallets are unpressurized and consist of multiple segments attached individually to the Orbiter, or

up to three segments attached rigidly to each other, and to the Orbiter, in a continuous train. IT pallets
are flown without a module, essential subsystems can be carried In an "igloo™ which provides a pressurized
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and thermally controlled environment for the subsystem equipment. The i1gloo Is not accessible to the crew
inside the Orbiter. Experiments mounted on a pallet can be controlled from the orbiter cabin, from the
ground. or from a module, if the payload complement contains a module. NASA has developed two principal
versions of the Spacelab Pallet System (sps). One supports missions requiring the use of the Spacelab
computer system and pallet in a mixed cargo configuration like the Atmospheric Laboratory for Applications
and Science (ATLAS) missions. The other version, the Enhanced Multiplexsr/demultiplexer Pallet (EXP).
supports missions such as the Tethered Satellite System (Ts8s), Lidar In-space Technology Experiment (LITE),
and the Space Radar Laboratory (srRL) which do not require the use of the-Spacelab computer system.

Spacelab development funding includes additional hardware to maintain the Spacelab carrier system. ground
support equipment, hardware modifications, hardware acquisition, system recertification, and modified or
improved hardware to expand Spacelab capabilities and ensure Its continued operational availability.

Support software and procedures development, testing, and training activities not provided by ESA. but which
are required for the Spacelab. are also included in NASA’s funding request. Additional Spacelab hardware,
including spare hardware, is being procured from European and U.S. sources as needed to support the flight
manifest.

The Spacelab operations budget includes mission planning. mission integration, and flight and ground
operations. This includes integration of the flight hardware and software, mission independent crew
training, system operations support, payload operations control support, payload processing, logistical
support and sustaining engineering. The Spacelab operations cycle is repeated with each Spacelab flight but
with a different payload complement. This cycle consists of three integration steps. Level IV covers the
integration and checkout of experiment equipment with individual experiment mounting elements like racks and
pallet segments. This activity is normally performed at the Kennedy Space Center (KSC) but is not part of
the Spacelab Operations budget. Level II/III integration then combines and integrates all experiment
mounting elements like racks. rack sets, and pallet segments. which have the experiment equipment already
installed, and checks this out with the Spacelab software. This is done at the KSC and is funded under the
Spacelab Operations budget. Level 1 integration takes the Spacelab and its payload. integrates it with the
Shuttle orbiter. and then checks it out. Level 1 integration is performed by both the Spacelab contractor
and the Shuttle Processing Contractor (spC). The Spacelab budget funds that portion of Level | integration
performed by the Spacelab contractor. The balance is funded in the Shuttle Operations budget.

Spacelab operations also funds smaller, tertiary and secondary payloads like Getaway Specials (GAS). Complex
Autonomous Payloads (CAP). and Hitchhiker payloads. GAS payloads are research experiments which are flown
in standard canisters and can fit either on the sidewall of the cargo bay or go across the bay (GAS bridge).
They are the simplest of the small payloads with limited electrical and mechanical interfaces. To date. 87
GAS payloads have been flown and 33 are in preparation. The CAP missions utilize GAS hardware but are more
complex because they utilize more services such as pointing and crew operations. Ten CAP missions have been
flown and there are 5-10 opportunities per year. The Hitchhiker payloads are the most complex of the
smaller payloads and they provide opportunities for larger. more sophisticated experiments. The Hitchhiker
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is composed of two carriers depending upon whether it is attached to the sidewall or goes across the bay.
During the mission, the Hitchhiker payloads can be controlled using the aft flight deck ¢omputzr/standard
switch panels or on the ground through a Payload Operations Control Center. Five Hitchhikers have been

flown and additional flights are planned in FY 1993 and FY 1994 such as the Super-critical Helium On Orbit
Transfer (SHOOT) experiment. -

Another 1tem funded in Spacelab operations is the Flight Support System (£3S). The FSS consists of three
standard cradles with berthing and pointing systems along with avionics. It is used for on-orbit
maintenance. repair, and retrieval of spacecraft. The FSS was used on Solar Max and Upper Atmosphere
Research Satellite (UARS) and is required for Hubble Space Telescope (H3T) rspaicr/revisit miISSIONS.

In FY 1992 three Spacelab module missions were successfully completed. These were the International
Microgravity Laboratory (IML-1), United States Microgravity Laboratory (U3ML-1), and the partially
reimbursable Japanese Spacelab mission (SL-J). Three additional missions utilized Spacelab and Shuttle
carriers in FY 1992: ATLAS-1. TSS-1. and one Hitchhiker which supported a DOD experiment.

In FY 1993. two Spacelab module missions are planned - the Space Life Science Laboratory-2 (sLs-2), and the
partially reimbursable German Spacelab D-2 mission (sL-D2). In addition. the United States Microgravity
Payload (us¥p-1) has already been flown and an igloo/pallet mission. ATLAS-2, will also be flcwn, Along
with these major missions are numerous smaller Shuttle carriers such as Hitchhikers and Getaway Specials.

In order to support a mid-1995 mission to dock with the Russian Space Station Mir. efforts will be initiated
in FY 1993 to process a long module to be flown on this mission. The effort will be a scaled down version
of a Spacelab Life Sciences flight. This will not only keep costs at a reasonable level and meet the
schedule but will also provide early long duration medical data.

In addition to the support of these missions, analytical and physical integration, configuration management,
and software development for future flights will be conducted. Procurement of spares for both NASA-
developed hardware and for hardware developed by U.S. companies under contract with ESA will continue
throughout FY 1993 and FY 1994 as will operation of the depot maintenance program.

CHANGES FROM FY 1993 BUDGET ESTIMATE

The $8.2 million decrease is the net effect of reducing funding for planned replacements of obsolete
hardware and new hardware acquisitions, identifying operational efficiencies and constraining changes to an
absolute minimum. offset by required increases to support the Mir mission and the redistribution of ROS
funding. Hardware replacement requirements will be continually assessed as manifest changes and operational

experience dictate.
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BASIS OF FY 1994 ESTIMATE

Beginning in FY 1994. development funds are required to perform the required modifications to Spacelab for
Extended Duration Orbiter (EDO) missions of up to 30 days. These modifications. along with those made under
the orbiter budget. would be needed to support Space Station in a man-tended mode as-well as for operations
in the orbiter on a standalone basis. This will provide an extended stay in space and allow a greater
return on scientific experiments. These modifications include a high rate multiplexer upgrade and a video
analog switch. The high rate multiplexer upgrade is needed to provide redundancy so that the payload data
is protected against potential single point failures that might occur during these extended missions. The
video switch is another added redundancy so that the video can be maintained. Other changes include
modifications to the tunnel between the Space Shuttle and the Spacelab. an additional nitrogen tank.
additional stowage, and other minor items. Spacelab development funding in FY 1994 will also continue to
fund replacement of obsolete hardware so that current capabilities can be maintained.

FY 1994 operations funds reflect the program requirements to conduct Spacelab missions consistent with the
budget manifest. Missions to be flown in FY 1994 include USMP-2. SRL-1. ATLAS-3. the International
Microgravity Laboratory (IML-2), and the Lidar In-space Technology Experiment (LITE-1). Two new missions have
been added to the Spacelab manifest since the previous budget. They are the Spacelab module mission to the
Russian Space Station Mir and the Materials Science Laboratory (MSL-1) scheduled for launch in FY 1995 and

FY 1997 respectively.
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BASIS OF FY 1994 FUNDING REQUIREMENT

UPPER STAGES

1993 1994
1992 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
Development vuveevvreennrnnnssannsnnnnns
Procurement and operationS............. 41.200 (56,500) (47.700) (51.100)
Total cvvvvviii i iiiiieennnnnnnnns 41,200 (56,500) (47_700) (51,100)

Beginning in FY 1993. Upper Stage vehicles are funded within the Launch Services budget under the Office of
Space Science. The Solid Propulsion Integrity Program (SPIP) is funded under Advanced Programs beginning in
FY 1993.
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BASIS OF FY 1994 FUNDING REQUIREMENT
ENGINEERING AND TECHNICAL BASE

1993 1994

1992 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Research and test support.............. 137.100 148,000 156.600 165,400
Data systems and flight support........ 18,200 17.300 9.400 --
Operations SUPPOrt......cccveeuueeenn. 40.000 42.900 32,955 22,500
Launch systems support..........c.evuuun _15.500 _16.000 _15.200 _15.500
Total.....civiiiiiiiiii e 210.800 224,200 214,155 203,400

OBJECTIVES AND STATUS

The Engineering and Technical Base (ETB) provides basic engineering and technical capabilities to support
the NASA mission assigned to the programs carried out by the manned space flight centers. The centers are:
Johnson Space Center (Js¢) including White Sands Test Facility (WSTF), Kennedy Space Center (xs¢), Marshall
Space Flight Center (MSFC), and the Stennis Space Center (sSscC). It provides engineering and technical
capabilities that can be utilized by project offices to carry out unique, R&D and analytical tasks. The
tasks of any particular project would not justify investment in the facilities and personnel needed to
undertake this r&D, but the requirements of a number of projects. combined with NASA®"s overall goal of
enhancing U.S. aerospace technology. support the requirements for this capability. Additional unique
requirements beyond the basic ETB functions of Research and Test Support, Operations Support, and Launch
Systems Support are funded by the benefiting programs.

Research and Test Support funds the following activities:

- Personnel and materials needed to operate the engineering and science laboratories at JSC and MSFC.
These laboratories do a variety of research in disciplines related to space Tlight, including life
sciences. materials, manufacturing technology, propulsion systems. and life support systems. At JSC.
this line supports work in altitude and vacuum chambers. materials testing labs. and a variety of
other labs and simulators used to test and to gain understanding of how the space environment affects
humans and hardware. JSC also funds testing at wSTF's propulsion test stands. At MSFC. the labs*
research and test activities focus on propulsion systems materials. production processes. and
environments. MSFC is working on applications of materials such as aluminum-Iithium to launch
vehicles, and has developed new manufacturing processes such as bonded-platelet combustion chambers.

MSFC labs are also Investigating spacecraft structures and avionics.
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) £Q4) oversight at JSC. MSFC. and KSC.
The fundlng supports an |ndependent staff at all three centers to review space Tlight programs and
ensure that the Agency"s strict SRMCQA requirements are being met. In addition, KSC does analysis on
the technical Tfoundations needed to ensure that safety. reliability. and quality are engineered into
current and future-space vehicles. This RCD also helps to ensure that NASA"s SRMCQA oversight is
based on sound techniques and analysis.
- Super Comouter (Class VI) operations at JSC and MSFC. These computers support a wide variety of
engineering and technical research done in NASA"s labs and iIn other labs associated with the Agency.
The Class VI systems are used for modeling in the analysis of space flight environments and dynamics
in order to improve our understanding of how getting to and living in space affects humans, other
biological forms, materials, propulsion systems, avionics. and structures.

- Operation OF MSFC's Technology Test Bed (TT8). The TTB is a highly instrumented platform to assess
technology advances in liquid rocket engines. Starting in FY 1994. the TTB will be funded here rather
than in the Space Shuttle Main Engine budget because this is a multi-program facility which supports a
wide range of liquid rocket engine research. The TTB is used to provide a basic understanding of
internal environments in large liquid rocket engines to help develop health monitoring and
instrumentation systems to allow safer operation of future engines. and to test new developments in
turbomachinery designs and materials.

The Data Systems and Flight Support budget line covers the JSC ADP operations. equipment, and supplies
associated with Center"s Information System and Network. Central Computer Facility, and the Integrated
Software Technology Laboratory (ISTL). As a result of the phase-in of restructuring of the Agency"s
institutional budgets in FY 1993. part of the data systems and flight support was transferred to Research
and Test Support and to benefiting programs within Research and Development.

Operations Support provides funds for maintenance and repair of the specialized equipment in the labs and
test stands at MSFC. WSTF. and SSC. Examples of these include propulsion test stands and cryogenic
facilities at MSFC and WSTF. Operations Support also funds engineering laboratory capabilities at SSC and
the information resources management support at Headquarters.

Launch Systems Support covers scientific. engineering. and technical capabilities at the KSC which are
focused on technologies to improve launch and payload processing. For example. the instrumentation and
hazardous gas detection lab develops and tests new hazardous material and contaminant detection techniques
as well as other improved sensors and instruments to aid in monitoring payload and launch preparations. The
fiber optics and communications lab researches enhancements to the data. audio, and video links between KSC
facilities. The Launch Equipment Test Facility (LETF) simulates launch events and conditions in order to
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test and qualify new launch support equipment. The robotics lab i1s seeking ways to apply robotics to
payload and launch processing. In addition to these R8D efforts, KSC support also provides launch site
users with crucial services such as instrument calibration, Non-Destructive Evaluation (:g), and chemical
sampling and analysis.

CHANGES FROM FY 1993 BUDGET ESTIMATE

The decrease of $10.Omillion to ETB in FY 1993 incorporates a general-Congressional reduction of $10.0
million. The general reduction will be achieved through operational efficiencies identified by the Centers
including the consolidation of ADP and 3$rM&Qa support contracts, improvements to management processes for
documenting and tracking contractor performance, and elimination of repetitive operations in all functions.
Adjustments were made to reflect a realignment of content to phase-in the Agency®s institutional restructure
in FY 1993.

BASIS OF FY 1994 BUDGET ESTIMATE

The FY 1994 estimate incorporates the completion of the restructure process in the ETB functions and reduces
funding 3 percent below the FY 1993 level. This request will provide minimal support to the ETB
infrastructure and will optimize the capabilities in place to support the NASA mission carried out by the
Space Flight Centers. The activities previously discussed will be continued.

In Research and Test Support at JSC key facilities like the Electronic Systems Test Laboratory (gSTL) and
the Crew Systems Laboratory will be supported. The ESTL will continue to provide a controlled. calibrated
radio frequency environment for performing detailed functional performance evaluations of spacecraft
communications equipment. The crew systems lab will continue to provide testing for the flight environment
pressures for training flight crews in the operation of the extravehicular mobility unit. Funding will
continue to enhance the computational capabilities at JSC and MSFC utilizing the Class VI super computers
for solving complex main engine three dimensional dynamics modeling and complex structural analysis.
Independent 3rM&QA oversight is provided at JSC. KSC. and MSFC. ADP hardware and software support for
laboratory operations at JSC is funded here. Also in FY 1994. the Technology Test Bed (TTB) program will be
funded iIn this budget line.

FY 1994 operations funding in ETB will continue to provide technical support at MSFC. WSTF. and SSC. At
MSFC. examples include photographic mission imaging support to laboratory functions of processing original
still negatives and motion picture film and instrumentation services. Additional examples include:
documentation repository for reproduction and microphotography operations related to handling engineering
drawings and associated documents and specifications: certification of pressure vessels and systems. valve
and component refurbishment: design, development. fabrication and installation of custom products such as
space hardware shrouds, thermal blankets, wind shields, and clean room wall coverings: chemical analysis of
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gases and fluids for tests: and maintenance and repair services for over 30.000 items of RDT&E equipment.
At WSTF. the FY 1994 request supports the maintenance and operations of seven propulsion test stands and
laboratory operations such as the test chambers and its supporting data acquisition and control systems
(DACS). At SSC. laboratory capabilities for calibration. gas and materials processing, non-destructive
evaluations, and fluid component processing will be continued. Headquarters information resources
management capability is continued in FY 1994.

As a result of the restructuring of Agency"s institutional support in 1994, all of data systems and flight
support was transferred to Research and Test Support and to the benefiting programs.

The launch systems support at KSC will maintain scientific. engineering. and technical operations. The
technical laboratories calibrate test equipment, review instrumentation reliability data, identify new
equipment and measurement technologies. and develop software programs to control standalone and automated
calibration. These laboratories also perform non-destructive evaluations including radiography inspection,
ultrasonic testing, penetrant testing. and other inspection techniques. Engineering laboratories supported
include instrumentation and hazardous gas detection. fiber optics and communications. and the expert systems

laboratory. All of these laboratories help to fulfill XSC's role as the NASA space vehicle checkout and
launch control center.
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BASIS OF FY 1994 FUNDING REQUIREMENT
PAYLOAD OPERATIONS AND SUPPORT EQUIPMENT

1993 1994
1992 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)
Payload operationS:::s«ereeverusnerans 108,000 131,300 109,200 74,800
Payload support equipment .. ... uuuann _22.100 22 300 22 .300 20,600
L0} =Y 130,100 153,600 131.500 95,400

OBJECTIVES AND STATUS

The objectives of the Payload Operations and Support Equipment budget are to provide payload services which
are required beyond the standard Shuttle services for NASA missions. and to provide reusable support
equipment for all payload operations. Optional services include items like: (1) retrieval services. analysis
for rendezvous, and proximity operations. (2) special thermal analysis. (3) any modifications to ground
facilities particularly in the Shuttle Mission Simulator (SMS) above the standard service. (4) extra shifts
required in the Shuttle Engineering Simulator (SES) or any other facilities to satisfy the customer
requirements. (S) payload related Extravehicular Activity (EVA) above the standard service, (6) special
training or use associated with operation of the Remote Manipulator System (RMS), (7) special services
between the Payload Operations Control Center (POCC) and the Mission Control Center (MCC)., and (8) any
special analysis, testing. or other service not normally included in the standard Shuttle service. Also
included is the development of an external airlock. This airlock will be a structure that will be used on
0V-104 to support docking with the Russian Mir in 1995. While the inside airlock for 0V-104 will be
retained for this mission, having external airlocks is an operational requirement for Space Station because
it frees up space in the crew compartment and thus enhances longer stay-times on-orbit. In addition, it
provides increased payload performance by reducing weight. Payload operations also provides for the
maintenance and operation of the Payload Processing Facilities (PPFs) at the launch site and payload-unique
hardware to interface with the standard Shuttle payload accommodations.

Payload support equipment estimates reflect the development. testing. and delivery of payload accommodation
equipment and capabilities common to multiple NASA missions. A major category is the communications
equipment necessary for payload data transmission during ground processing and checkout. This includes
fiber optic cabling and an upgraded operational intercom system in the industrial area at the KSC to provide
increased flexibility and quality of data transmission among the various payload facilities.

Orbiter/payload interface hardware for Hitchhiker, cargo bay cabling, modified aft flight deck panels, and

associated displays and controls is also included.
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CHANGES FROM FY 1993 BUDGET ESTIMATE

Payload operations and support equipment has decreased $22.1 million from the budget estimate. The primary
reason is the reassessment of Space Station integration tasks. EMU requirements and orbiter power
conversion units are examples of tasks which are being temporarily suspended pending the outcome of the--

station redesign effort. Partially offsetting this decrease are increases due to the addition of the
external airlock.

BASIS OF FY 1994 ESTIMATE

In FY 1994 payload operations funding will continue to support payload services and mission unigque
integration for scheduled NASA missions. Major NASA missions receiving support in FY 1994 include Atlas-3.
Spacehabs 2 and 3. HST Servicing Mission (HST-SM-1). International Extreme-UV Far-UV Hitchhiker (IEH),
IML-2_. SRL-1. USMP-2. and the Cryogenic Infrared Spectrometer Telescope for Atmosphere (Christa-Spas 01).

The Space Shuttle to Space Station mating and integration activities. which were previously budgeted in
FY 1993. are not included in FY 1994. The scope and funding for these activities will be driven by the

Station redesign effort currently underway. Once the redesign studies are complete. these requirements will
be better defined and presented at a later date.
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BASIS FOR FY 1994 FUNDING REQUIREMENT
ADVANCED PROGRAMS

1993 1994

1992 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Advanced transportation........cuueeess 14,900 20,300 9,500 18,400
Advanced operationS...cceerrvsnsnansnss 8,200 12, 100 5,400 12,400
Advanced space SYyStemS.....evvrrsssnnss 11,600 13,300 10,297 18,300
Solid propulsion integrity

program (SPIP) .iuuiucervvnncnssnnnnns 10.100)* 12.000 7.700 11.600
110 ) - 1 34.700 57,700 32.897 60,700

"Included in Upper Stages prior to FY 1993.
OBJECTIVES AND STATUS

Advanced programs conducts concept feasibility studies. selected systems definitions and preliminary design
(Phase B) studies, and undertakes related high leverage advanced development activities. These provide the
necessary technical and programmatic data needed to identify evolving space transportation and systems
requirements and to evaluate new technical capabilities. Activity is focused in four areas: (1) Advanced
Transportation. (2) Advanced Operations. (3) Advanced Space Systems. and (4) the Solid Propulsion Integrity
Program (SPIP) .

Advanced transportation activities include both concept studies and advanced development. Studies define
flight systems concepts and options for human transportation, heavy lift launch vehicles, and advanced upper
stages to satisfy near-term and longer range Agency space transportation requirements in sufficient detail to
select cost effective pathways and guide technology. Near-term candidate systems under consideration include
advanced boosters. personnel launch systems. and cargo transfer and return vehicles. More advanced concepts
include fully reusable two-stage and single stage vehicles. The advanced development program focuses on
demonstration and application of promising technologies to existing or new flight programs. Two major
projects in this area are: the development and testing of electromechanical actuators. and the development of
manufacturing techniques for aluminum lithium alloys.
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The advanced operations program continues the pursuit of its goal of reducing the cost of ground and mission
operations of the Space Shuttle through the introduction of advanced technologies into the operations
environment. Estimated cost savings forecasted by the introduction of advanced operations projects into Space
Shuttle mission operations in FY 1992 amounts to almost $5.0 million in annual savings through reduced
manpower for mission operations computer support, orbiter process scheduling, and Space Shuttle software
verification. Other advanced operations projects will significantly reduce the cost of producing replacement
thermal protection tiles for the orbiter, training astronauts for the Spacehab missions, and scheduling Space
Shuttle mission simulations.

The advanced space systems program includes concept definition and flight experiments in the following areas:
system enabling flight demonstrations. orbital debris studies, and tether applications. Flight demonstrations
also provide training for young NASA engineers and managers with early hands-on flight hardware experience.
Successful flight demonstrations have been accomplished this past year with the Global Positioning System and
Fluid Acquisition and Resupply Flight experiments. The orbital debris program is directed at measuring the
orbital debris environment. developing debris growth mitigation measures, and enhancing spacecraft protection
and survivability. NASA has continued to conduct measurements of the 1-10 cm debris population at Space
Station/Space Shuttle altitudes. By the end of 1992. some 1230 hours of debris environment observations have
been completed. reducing the uncertainty In that environment from some 300 percent to approximately 57
percent. The two Small Expendable Deployer System (SEDS) fTlight deployers and instrumented end masses as
well as the ?lasma/Motor Generator Flight hardware will enable the demonstrations of tether initiated
deployment as secondary payloads using the Delta II expendable rocket in mid FY 1993.

The Solid Propulsion Integrity Program (SPIP) was established in 1985 to enhance the nation®s engineering data
base for solid rocket motors in order to Improve their success rate. Improved reliability is coming about as
a result of developing and validating data bases and engineering tools for motor design, margins and
performance analysis, reproducible fabrication and processing, verification, and by improving the culture
across the nation®s solid rocket motor infrastructure.

CHANGES OM _FY 1993 BUDGET ESTIMATE

The current estimate reflects a net reduction of $24_.8 million. This change i1s composed of a $25.0 million
reduction iIn program content and a $0.2 million transfer due to the redistribution of ROS funds. The content
reduction was accommodated by eliminating studies on the New Launch System (NLS), and significantly reducing
ongoing activities in the following areas: support of advanced development activities: ground and flight
operations studies: reduced SPIP nozzle, bondlins and verification testing work: and deferral of several
flight experiments.
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BASIS OF FY 1994 ESTIMATE

In FY 1994, major program emphasis will continue to be placed on concept definition, system definition. and
advanced development activities for advanced space transportation. advanced operations. advanced space
~gystems, and SPIP. The FY 1994 funding request restores some of the program content originally planned in
FY 1993 but deferred in order to accommodate the FY 1993 funding level.

Advanced transportation efforts will focus on developing a deeper understanding of concepts based on current
technology which could replace or augment the Space Shuttle early next century. These studies will supplement
and substantiate the trades and recommendations of the 1993 Access to Space Report. The increase from FY 1993
levels will allow continuation of advanced development efforts on electromechanical actuation.
aluminum-l1thium manufacturability. and initiation of vehicle health management. These technologies provide
promise for direct infusion into current launch vehicles and will be needed to ensure that future vehicles
will be operationally efficient, more reliable, cost effective, and provide improved performance margins.

Advanced operations efforts will continue to identify and demonstrate technologies which will improve
efficiency. flexibility, and reliability of current and future space transportation systems. The selective
application of expert systems, automation, and other technologies to labor-intensive and hazardous operations
are included in advanced operations studies. Launch processing systems, mission control applications. flight
planning, training, simulation and other environments will be targeted to demonstrate emerging technologies
for improving ground and flight operations cost efficiencies. The requested level is significantly higher
than current levels in FY 1993 iIn order to restart many of these advanced development projects that provide a
significant return on investment.

Advanced space systems emphasis will be placed on the demonstration of transportation related flight systems.
Flight Experiments, such as the Superfluid Helium On-Orbit Transfer (SHOOT) Demonstration and the Dexterous
End Effector. will demonstrate enabling technologies in the space environment. Critical tether-related
enabling technologies will be demonstrated using the Small Expendable Deployer System during FY 1994. Orbital
debris activities will be focused on characterizing changes in the orbital debris environment as a function of
time and establishing measures for mitigation of debris growth trends and spacecraft protection techniques.
The increase from FY 1993 levels includes increases for orbital debris studies, initiation of a ground-based
automated rendezvous and docking advanced development program, and attaining a sufficient level of flight
demonstrations.

The SPIP will focus on nozzles. bondlines. verification testing, and on infusing technology engineering
results and cultural changes into flight programs. In FY 1994. the program will continue to sustain the
NASA/industry team and infrastructure across the U.S. solid motor community with steady advances in
engineering data bases, analytical tools for design. fabrication and verification.

Additional Advanced programs activities are being considered for inclusion in the New Technology Investment
package to be defined in June.
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BASIS OF FY 1994 FUNDING REQUIREMENT

NEW LAUNCH SYSTEM (WLS)

1993 1994
1992 Budget Current Budget

(Thousands of Dollars)

New launch system (NLS) .....vcvivnennnn 28.000 125,000 10,042
OBJECTIVES AND STATUS

The NLS was to be a joint program with the DOD to develop a new family of launch vehicles. The goal of the
program was to greatly improve national launch capability with reductions in operating costs and improvements
in launch system reliability. responsiveness, and mission performance. Several NLS configurations with a
range of capabilities were studied and an evolutionary path would have been maintained to support growth
versions and technology improvements. The initial efforts were focused on developing the Space Transportation
Main Engine (STME) since this was the common element of all configurations.

CHANGES FROM FY 1993 BUDGET ESTIMATE

The current FY 1993 budget reflects a reduction of $115.0 million. This budget reduction terminates the
effort on the NLS while retaining options to develop the STHE and/or examine alternative engine technologies
until national decisions are made regarding launch vehicles and the role NASA would take iIn engine
development.
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BASIS OF FY 1994 FUNDING REQUIREMENT
TETHERED SATELLITE SYSTEM

1993 1994
1992 Budget Current Budget

(Thousands of Dollars)

Tethered satellite system (TSS) ........ 16,400 3,400 3,400

OBJECTIVES AND STATUS

The Tether mission was flown on STS-46 in August 1992. Resources remaining from FY 1992 and FY 1993 will be
used to do required post-mission analysis, Tlight anomaly testing and analysis, post-flight refurbishment,

modifications to fix hardware problems. to place the hardware in storage. and to perform a feasibility study
on the reflight of the Tether. At this time. no further Tether missions are manifested.
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BASIS OF FY 1994 FUNDING REQUIREMENT
RESEARCH OPERATIONS SUPPORT

1993 1994
1992 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Research operations support............ 179.311 177,200 142,763 149,800
OBJECTIVES AND STATUS

Research Operations Support (rRoS) funding provides vital support to the civil service workforce and to the
physical plant at the centers and at NASA Headquarters. This funding supports the basic core administrative
functions such as personnel, payroll, accounting, procurement. and legal counsel. It also supports
centerwide services for civil service staff, such as mail. telephones. janitorial services. transportation,
medical (other than astronaut). security, and fire protection as well as maintenance of roads, grounds, and
all requirements of administrative buildings. Funding to support activities which directly benefit the NASA
programs are included in the program budgets.

CHANGES FROM FY 1993 BUDGET ESTIMATE

In FY 1992. establishment of the ROS was initially accomplished by transferring funds contained in the
Operation of Installation account in the Research and Program Management appropriation to the Research and
Development and Space Flight, Control, and Data Communications appropriations. During FY 1993. a more
detailed examination of activities supported by ROS funding was conducted by the program offices to identify
support directly related to program activities. Funding for activities dedicated to a single programn was
transferred to the benefiting program. The decrease of $34.4 million reflects the transfer of $20.0 million
consistent with a phase-in of restructuring activity and a reduction of $14.4 million consistent with
Congressional action that reduced ROS funding.

BASIS OF FY 1994 ESTIMATE

The FY 1994 estimate is based on the completion of restructuring of the ROS budget in FY 1993. In addition,
reductions have been implemented which reflect NASA®"s _internal commitment to holding down costs iIn all areas
and NASA"s response to the recent executive order mandating reductions in administrative expenses. As such,
it reflects the minimum funding to support administrative and facility maintenance requirements at the NASA
centers and NASA headquarters. This includes administrative services that support civil service employees.
facility maintenance, maintenance of roads, grounds, and requirements of administrative buildings.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1993 ESTIMATES

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE SCIENCE AND APPLICATIONS

Physics and astronomy........

Planetary exploration-«...-..

Life SCIeNCeS . v ivurvnrnnrnnsnnns

Materials processing in space

Life and microgravity sciencesS.........

Earth science.....vvevverunrnnss

CoOmMMUNICAtIONS s esrsrsnsnnnnnnnns

Information systemg:=+rrrss=----
Research operations support..

Mission to planet earth......

Budget Plan

1992

Actual
1,036,677

534.221
157,650
120,800

725.393

20,000
35,000

83,909

nlld 620

1993
Budget Current
Estinate Estimate
(Thousands of Dollars)
1,113,500 1,103,860
487,200 473,615
177,200 140, 550
195,300 172,934
868,500 863.848
4,600 4.986
40,700 36,193
98,000 70,061
22282000 2..806.047

1994
Budget
Estimate

1.074.700

557.200

351,000

3,057,800
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SPACE SCIENCE AND APPLICATIONS PROGRAM RESTRUCTURING

Beginning in FY 1994. the Office of Space Science and Applications program has been reorganized into three
separate program offices -- the Office of Space Science, the Office of Life and Microgravity Sciences and
Applications, and the Office of Mission to Planet Earth. The following program alignment has been budgeted
as part of this reorganization.

Space Science supports the Physics and Astronomy and Planetary Exploration development, basic research and
mission operations/data analysis programs as in previous years. It also includes the science data
management, archiving and computer networking activities supporting the National Space Science Data Center
(NSSDC) and NASA Science Internet, which had previously been budgeted under Space Applications - Information
Systems. In addition, the Exobiology research program has also been transferred to Planetary Exploration to
more accurately reflect the nature of the research conducted under this program. Shuttle/Spacelab Payload
Mission Mangement and Integration, previously budgeted under Physics and Astronomy. has been transferred to
Life and Microgravity Sciences and Applications.

Life and Micronravitv Sciences and Applications combines NASA®"s Life Sciences and Materials Processing
programs together with their supporting Spacelab management function. Materials Processing, previously
funded under Space Applications, has been renamed Microgravity Research, and remains a distinct element
within the new structure. The addition of the Shuttle/Spacelab Payload Mission Mangament and Integration,
which has been transferred from Physics and Astronomy. serves to consolidate the on-orbit research in these
disciplines together with their associated space access infrastructure.

Mission to Planet Earth (MTPE) encompasses most of the activities previously funded under Space
Applications. This includes: the Earth Science program: Information Systems functions which support MTPE
(the NASA Center for Computational Science (NCCS) at the Goddard Space Flight Center and the supercomputing
facility at the Jet Propulsion Laboratory): the Advanced Communications Technology Satellite (ACTS) program:
and the Research Operations Support (ROS) program. which supports the basic core administrative functions
at NASA"s Goddard Space Flight Center and Headquarters. Elements previously included in Space Applications
which are transferred into other program elements include the Materials Processing program (to Life and
Microgravity Science and Applications). the space science data center activities associated with Information
Systems (to Space Science). and the Search and Rescue program. which has been transferred to Commercial Use
of Space to better take advantage of technology advancements.

An accompanying budget crosswalk displays the restructured elements.
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SPACE SCIENCE & APPLICATIONS
FY 1994 Congressional Budget Crosswalk
(Dollars in Millions)

Physics & Planetary Life Space

TOTALS Astronomy Exploration Sciences Applications
0ld Structure 3,058.9 1,165.9 546.7 154.4 1,191.9
New Structure 3,058.9
SPACE SCIENCE 1.631.9
Bhysics & Astronomy 1,074.7
Programs that did not change 1,048.2 1,048.2
Information Systems 26.5 26.5
Rlanetary Exploration 557.2
Programs that did not change 430.8 430.8
Research & Analysis 126.4 115.9 10.5
L1W AND MICROGRAVITY SCIENCE AND APPLICATIONS 351.0
Shuttle/Spacelab Payload Msn. Mgmt. & Int. 117.7 117.7
Life Sciences Research & Analysis 49.2 49.2
Life Sciences Flight Experiments A7 A7
Microgravity Research & Analysis 18.4 18.4
Microgravity Flight Experiments 71.0 71.0
MISSION TO PLANBT EARTH 1,074.9
Programs that did not change 1,074.9 1,074.9
COMMERCIAL USE OF SPACE 1.1
Search & Rescue 1.1 1.1
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1994 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE SCIENCE

SUMMARY OF RESOURCES REQUIREMENTS

1992
Actual

Advanced x-ray astrophysics facility
development......covviiiriinnnnnenns 150.740
Gravity probe-b development............ --
Global geospace science................ 75.300

Shuttle/spacelab payload mission

management and integration.......... 78.000
Payload and instrument development..... 118.300
Explorer development................... 109.100
Mission operations and data analysis... 375.200
Research and analysis.................. 69.937
Suborbital program........cveevieennnsns 60,100

Information SystemS......ccvivvuiennenns --

1,036,677

Distribution of Program Amount bv Installation

Kennedy Space Center...........ouueees. 12,231
Johnson Space Center........ccvvvievnenn 14.118
Marshall Space Flight Center........... 236.981
Goddard Space Flight Center............ 630,210
Jet Propulsion Laboratory.............. 36,654
Ames Research Center.........cvevvuvnnss 15,788
HeadquartersS......oeeeennnnnnnnnnnnnnns 90.695

Total .o ee e 1,036,677

Budget
Estimate

Current
Estimate

(Thousands of Dollars)

174.000

60.100

101,100
78.200
112,500
440.900
81,400
65,300

1.113.500

S ———

17,659
16.927
261,577
668,680
51.558
24,413
72.686

1,113,500

168, 337
1.900
72,647

94,018
99,340
115,832
415,385
71.558
64,843

1.103.860

e ———

13,352
25,877
250.148
652.481
44,548
23,701

93,753

1.103.860

e ———

1994
Budget
Estimate

260.300
40,000
13,300

(117,700)
53.400
123,300
416,200
72,200
69,500
26.500

1,074,700

12
248,506
653.281

51,751
30,578
90.572

1,074,700

PHYSICS & ASTRONOMY
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1994 ESTIMATES

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY
OBJECTIVES AND JUSTIFICATION

Two programs are supported by funds provided under Physics and Astronomy: the Astrophysics program.
dedicated to the study of the origin of the universe, fundamental laws of physics. and the nature and
evolution of galaxies. stars, and planets: and the Space Physics program. dedicated to the study of cosmic
ray plasmas, solar plasmas. and the Earth®"s and other planets® ionospheres and magnetospheres. Each program
conducts development, operation, and research activities in their respective science disciplines.

The objectives of the Astrophysics program are to contribute to our understanding of the origin and
evolution of the universe by studying astrophysical phenomena. These include large-scale structures such as
galaxies, galactic clusters, and interstellar medium: and stellar objects such as quasars, neutron stars.
pulsars, and black holes. Study of these phenomena contributes to knowledge about the formation of
astrophysical objects and systems, as well as about the fundamental laws of physics. In addition to its
astronomy missions, the Astrophysics program also supports a limited number of initiatives related to
relativity science.

Astronomical observation from space allows observations to be conducted without being obscured or distorted
by the atmosphere. Many infrared wavelengths are obscured and some wavelengths. such as x-ray and
ultraviolet, cannot be observed from the surface of the Earth at all. Resolution of visible wavelengths is
also improved when observed from space.

The objectives of the Astrophysics program are accomplished using a mixture of large multi-instrument
observatories, medium- to small-sized Explorer spacecraft. instruments and payloads to be flown on
international and U.3. -sponsorsd satellites and shuttle/Spacelab Flights, and airborne astronomy missions.
Recently launched and currently operated spacecraft of the Astrophysics program include the Cosmic
Background Explorer (COBE. 1989). the Hubble Space Telescope (HST, 1990), the Compton Gamma Ray Observatory
(CGRO, 1991), and the Extreme Ultraviolet Explorer (EUVE. 1992). Recent Spacelab missions include the
Astro-1 (1990), an astrophysics portion of the Atmospheric Laboratory for Applications and Science
(ATLAS-1. 1992). and the Diffuse X-ray Spectrometer (DxS, 1993). NASA also supported the deployment and
operation of the international Roentgen Satellite (ROSAT. 1990).
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The attention of NASA"s Space Physics program is upon naturally-occurring plasmas. the physical state of
99 percent of the universe. Relatively cool plasmas in the planetary ionospheres. the hot plasma of the
sun, Earth"s and other planets®" magnetospheres. and galactic cosmic-ray plasma are all the focus of study
supported by the Space Physics program.

Flight programs of the Space Physics program are concentrated on the sun. the heliosphere of naturally
occurring plasmas which it generates, and its impact-on and relationship to the magnetic, electrical, and
atmospheric systems of the Earth. Study of Earth"s nearby space environment has revealed a dynamic and
complex system of plasmas interacting with the magnetic fields and electric currents surrounding our planet.
This region. comprising the magnetized solar-wind plasma plus the perturbation in the heliosphere caused by
the presence of the magnetic Earth. is the region defined as the geospace.

Medium-size satellites. Explorer spacecraft, instruments flown on international satellites. balloons. and
brief sounding rocket experiments are used to observe and to provide in-situ measures of the geospace. In
addition. operation of the Ulysses satellite, and other planetary missions which have exited the solar
system. is performed under this program®s sponsorship. Studies performed by this program provide crucial
details across a range of astronomical, Earth, and basic science disciplines.

Space Physics missions undertaken recently include the Combined Release and Radiation Effects Satellite
(CRRES, 1990), the Solar, Anomalous. and Magnetospheric Particle Explorer (SAMPEX. 1992). space physics
instruments on the ATLAS-1, 1992 Spacelab mission. and the international Solar-A/Yohkoh (1991) and Geotail
missions (1992).

The Astrophysics program is currently developing the Advanced X-ray Astrophysics Facility (AXAF). the
Gravity Probe-B (GP-B) relativity experiment. the X-ray Timing Explorer (XTe), the Fast Auroral Snapshot
Explorer (FAST). and the Submillimeter Wave Astronomy Satellite (SWAS). The medium-sized Advanced
Composition Explorer (ACE). previously funded under Other Explorers, will transition into development in
FY 1994.

The AXAF. approved by Congress in FY 1989 as a demonstration of mirror fabrication and testing, has
proceeded with science instrument development, continued fabrication and test of its large grazing incidence
mirrors. and early design of spacecraft. telescope. and mirror-assemblies. Following a restructuring of
this system in 1992. AXAF is now composed of two satellites to be launched in 1998 and 1999. Together, the
two satellites will provide high resolution imaging and both wide-band and narrow-band coverage of the x-ray
spectrum. necessary for both cataloging study and specific investigation of the composition and nature of
galaxies. stellar objects, and interstellar phenomena, and the study of basic issues in theoretical physics.
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The GP-B is a unique test of Einstein"s general theory of relativity. After a lengthy period of science
definition, technology demonstration. and design and test of prototypical components, GP-B has been judged
to be ready to begin development for flight. Ongoing development of the Shuttle Test of Relavity Experiment
(STORE). an in-flight demonstration of GP-B instrument performance funded under Payload and Instrument
Development. will continue to support theGP-B satellite development program.

The XTE. SWAS. FAST. and ACE are all funded under the Explorer program, NASA selects Explorer missions to
conduct investigations of an exploratory or survey nature, or to achieve specific objectives which do not
require the capabilities of a large spacecraft or observatory. The SWAS and FAST are classified as Small
Explorers (SMEX).

Ongoing development of systems needed for modification and repair of the Hubble Space Telescope is also
supported under the Physics and Astronomy program. A modified science instrument. corrective optics for
three other instruments, two new solar arrays, and other subsystems are in development for the December 1993
servicing mission. Other development work related to future servicing missions and to ongoing improvement
of ground systems is also supported.

Currently. the HST can resolve spatial features by a factor of ten better than ground-based optical
telescopes. or objects as dim as the 24th magnitude. Full capability to observe objects from the 25th to
the 28th magnitude, originally planned for Hubble. will be restored by the 1993 servicing mission with the
Wide Field/Planetary Camera II (WF/PC II) instrument and the Corrective Optics Space Telescope Axial
Replacement (COSTAR) system. This increased capability will allow extended use of the Faint Object Camera
(FOC) and Faint Object Spectrograph (F0S) and improved use of the Goddard High Resolution Spectrometer
(GHRS). Future enhancements of HST will extend the system®"s coverage into the infrared and greatly enhance
the spectral resolution. efficiency, and sensitivity of HST's ultraviolet coverage. These improvements will
allow astronomers to address basic questions concerning the origin. evolution. and disposition of galaxies.
quasars. clusters. and stars. allowing us to increase significantly our understanding of both the early and
present universe.

The Space Physics program is currently developing two satellites under the Global Geospace Science (GGS)
program and several instruments and spacecraft subsystems under the Collaborative Solar Terrestrial Research
(COSTR) program. COSTR instruments and subsystems will be used on several international satellites. These
two NASA programs represent the U.S. contribution to the International Solar Terrestrial Physics (ISTP)
program, a broad initiative to conduct advanced observations and study of the sun and Earth®"s geospace.
Under this program, satellites are being developed by NASA and the European Space Agency (ESA), plus one
satellite already produced by the Japanese Institute of Space and Aeronautical Science (ISAS).

NASA"s two GGS spacecraft. Wind and Polar. together with Japan®s Geotail which was launched in 1992 and
other Earth observing and near-Earth satellites. will make the first coordinated geospace measurements of
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the interaction between the Earth®s magnetic field and plasma from the sun. and the transfer of mass,
energy. and heat to the Earth system. Wind will study this transfer at the head of the geospace. Polar at
Earth"s poles, and Geotail at a point where the Earth"s magnetic region tails away.

NASA*s COSTR program will provide instruments and subsystems for the European Solar and Heliospheric
Observatory (50H0) and four Cluster spacecraft. in addition to the support already provided for the Japanese
Geotail spacecraft launched in 1992. 30HO will measure the interior dynamics. magnstic Ffield structure, and
output of the sun. Cluster will conduct special 3-dimensional studies of isolated regions within the solar
wind and geospace to provide an in-situ metric of plasma flow. Together. the ISTP program will provide a
comprehensive understanding of the sun-Earth interaction and its coupling to Earth"s climate.

The Astrophysics and Space Physics programs also support the development of a number of instruments and
payloads to be used on international satellites or on Spacelab missions. Launch services. scientific
guidance. and ground operations support are sometimes linked to NASA®"s contribution to these programs.

During the past several years. suborbital observation from balloons. sounding rockets. and high-flying
aircraft took on increased significance. This enhanced effort will continue to provide observations and
instrument development opportunities for research groups. Furthermore. increased emphasis will also
continue in the research and analysis (R&A) and the mission operations and data analysis (MO&DA) areas in
order to maintain a vital research base.

Both the Astrophysics and Space Physics programs rest on a solid basis of supporting research and new
technology development. research. and theory-building. Research teams at NASA centers and at universities.
industrial laboratories, and other government laboratories are supported. The scientific information
obtained and the technology developed in this program are made available to the scientific communities and
the general public for application to the advancement of scientific knowledge, education and technology.

Shuttle/Spacelab mission management and integration of Spacelab payloads to be flown aboard the Shuttle,
which also has been supported under NASA"s Physics and Astronomy program. will be transferred beginning in
FY 1994 to the Life and Microgravity Sciences and Applications program.



BASIS OF FY 1904 FUNDING REQUIREMENT
ADVANCED X-RAY ASTROPHYSICS FACILITY DEVELOPMENT

1993 1994
1992 Budget Current Budget
(Thousands of Dollars)

AXAF spacecraft.....cvvvvinennrrnnnnnns 136.940 148,000 147.337 218.000
Instruments. . ... ..oo..oaLial.o.. —13.800 26,000 —21.000 -42.300
B 0] = 1 150,740 1/4_000 168,337 260,300
Mission operations and data analysis... (3.300) (14,900) (14,900) (11,600)
Upper StageS.....eeeerennnnnnnnnnnnnnns (8.000) (8,000) (16,100)

OBJECTIVES AND STATUS

The Advanced X-ray Astrophysics Facility (AXAF) will provide new observations and insights into studies of
the age and evolution of the universe and its objects: the composition of the universe and its galactic and
extra-galactic objects and systems: and fundamental laws of particle physics, plasma physics. and
theoretical physics. X-rays. which are invisible from the Earth"s surface, are produced iIn settings where
temperatures reach millions of degrees. where particles are accelerated by gravity to nearly the speed of
light, and where magnetic fields are more than a trillion times that of the Earth. X-rays are emitted as
the result of highly energetic cosmic events, including stellar and galactic explosions, accretion of matter
onto compact objects (such as neutron stars and black holes). and in the presence of high temperature gases.
These are conditions under which the fundamental nature and relationship of energy and matter can be
examined.

AXAF will allow scientists to study quasars. the most distant. luminous. and powerful objects in the
universe. AXAF. a follow-on to NASA"s High Energy Astronomy Observatory (H240-2), the Einstein Observatory.
which operated from 1978 to 1981. will allow both deeper and broader search for these objects.

AXAF will also examine the hot remnants of supernovas. explosive ends of stars®™ lives which will have been
unobservable in other galaxies prior to AXAF: contribute to the calculation of the mass-of the universe
(since x-ray emission of interstellar medium and stellar phenomena is not correlated with visible emission):
and study the mysterious phenomena of the x-ray burster and the diffuse x-ray background observed in the
universe.
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Finally. combining measurements of AXAF and of the microwave irradiance of galactic clusters will yield a
10-fold increase in the precision of the Hubble constant. This constant is the mathematical factor used to
relate the observed distance of objects from the Earth to the speed at which the universe is expanding.

AXAF uniquely combines opportunities for traditional cataloguing. study, and cosmological interpretation of
astrophysical phenomena with laboratory-like examination of basic issues in theoretical physics.

1992 was a year of progress and achievement for the AXAF program. Having completed the first flight mirror
pair in September 1991. as a part of the Congressionally-directed mirror demonstration program, design and
development of telescope assembly and spacecraft components began in earnest. Development of science
instruments and continuing mirror fabrication was performed concurrently with a reexamination of the program
in 1992.

In order to improve the ability of the program to respond to future financial pressures, AXAF was
restructured into two separate, specialized spacecraft. AXAF-1. a five-year mission to be launched in 1998.
will focus on high-resolution imaging and low-resolution grating spectroscopy from high-Earth orbit.

AXAF-S. a three-year mission to be launched a year later, will perform high-spectral resolution spectroscopy
of high-energy x-ray sources from low-Earth orbit. The original AXAF was conceived as a Shuttle-
serviceable. 15-year mission. Both near-term peak funding and long-term operations costs led to this

restructuring.

The imaging mission (AXAF-1) will use four nested high-resolution cylindrical mirrors, reduced from the six
nested pairs proposed for the original AXAF. Although this will reduce the effective imaging area of the
observatory, the reduction is offset by the higher viewing efficiency of the high-Earth orbit. The imaging
mission will carry two of the original AXAF instruments. the AXAF CCD Imaging Spectrometer (ACIS) and the
High Resolution Camera (HRC), along with two transmission gratings. Overall, this mission will offer an
observing efficiency comparable to that of the original AXAF. and retains most of the scientific
capabilities, including the ability to measure the important iron line complexes at about six
kiloelectronvolts. The latter is an important measure of AXAF. since iron is the most abundant of the heavy
elements in the universe and is easily recognized in the x-ray spectrum.

The high-energy spectroscopy mission (AXAF-S) will carry the cryogenically-cooled X-Ray Spectrometer (XRS).
A medium-size spacecraft and lower spatial resolution mirror assembly will be used to perform this narrow-
band spectroscopy mission. This facility will be launched into a low-Earth orbit selected to simplify
thermal control of the cryogenically-cooled instrument. The Marshall Space Flight Center will perform as
the spacecraft developer for AXAF-S.
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The high, elliptical orbit of AXAF-1 from which observation can be performed more efficiently, combined with
the dedication of separate spacecraft to AxAF's critical high-resolution imaging and narrow-band
spectroscopy missions. insure that the original science goals of AXAF remain intact. AXAF-I's grazing:
incidence mirrors. a nested assembly of cylindrical shapes that range from .4 to 1.2 meters in diameter,
will provide a factor of two increase in effective imaging area, eight times the angular resolution, and
twice the spectral range of HEAO-2.

This set of attributes, combined with advanced coatings which increase the reflectivity of the mirrors,
means that AXAF-1 will provide a factor of 100 increase in imaging sensitivity for point sources and that
AXAF-1 and -$ together will reap substantial increases both in high-spatial resolution and high-spectral
resolution spectroscopy compared to HEAO-2.

This budget submission assumes that AXAF-1 will be launched aboard the Space Shuttle, requiring an inertial
upper stage and an integral propulsion system to achieve a high elliptical orbit. NASA is currently seeking
a proposal for a Titan IY/Cantaur System which would be used to launch AXAF-1. This configuration will
allow AXAF-1 to be placed in a high circular orbit which will improve its observing efficiency. AXAF-S is
to be launched aboard a Delta 11 launch vehicle.

CHANGES FROM FY 1993 BUDGET ESTIMATE

Congressional action reduced AXAF development funding by $7.5 million in FY 1993. This change reduced the
amount of near-term financial resiliency that is available in the program, but current work on the
spacecraft. instruments. and mirror assembly can remain on schedule. Funding allocations among the
spacecraft and instruments reflects current planning for the restructured program.

This adjustment is partially offset by a $1.8 million increase due to the redistribution of Research
Operations Support (Ros) funding.

BASIS OF FY 1994 ESTIMATE

FY 1994 constitutes the first year in which significant reductions to the AXAF funding profile will take
effect. Preliminary Design Reviews (pDR) will be conducted mid-summer for AXAF-S and for AXAF-1 science
instruments. Critical Design Audit of the AXAF-1 mirror assembly will also occur early in the year.
Fabrication of the AXAF-1 mirrors will continue at the Hughes-Danbury Optical Systems contractor through
FY 1994. leading up to mirror coating activities which will be performed throughout FY 1995. Design of the
AXAF-1 optical bench and spacecraft system will occur throughout-out the year under the direction of the
prime contractor (TRW, Inc.).

AXAF-S will conduct fabrication of parts and assemblies concurrently with design activities. A system-level
PDR is scheduled for July 1994.
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GRAVITY PROBE-B DEVEI OPMENT

1993 1994
1992 Budget Current Budget

(Thousands of Dollars)

Gravity probe-b development............ - - 1,900 40,000

OBJECTIVES AND STATUS

After a lengthy period of science investigation and technology demonstration. Gravity Probe-B (GP-B) is
scheduled to begin development in FY 1993. Using four nearly-perfect spheres spinning at 10,000 rpm.

GP-B will measure two predicted relativistic effects in the Earth"s gravitational field. Although other
tests have been performed of Einstein®s general theory since it was developed in the early 20th century,
none of these tests have provided an unambiguous verification of the theory. Having received the support of
the Space Studies Board of the National Research Council since the early 1980"s. GP-B is believed to provide
such a test and add to the precision with which general relativistic effects are measured.

General relativity. as opposed to Einstein®s special theory of relativity. addresses the effects of the
gravity which emanates from large bodies of mass on the space-time continuum. The special theory was a more
limited interpretation of how physical measures of space and time are distorted by the relative speeds at
which objects or systems move in relationship to one another. This interpretation of experimental evidence
about the constancy of the speed of light led to reinterpretations of the amount of energy resident in the
physical mass of objects. The general theory extended the special theory in addressing how this distortion
may produce the force of gravity.

Results of the GP-B experiment promise to affect the study and interpretation of black holes. gquasars. and
other astrophysical systems. More importantly. this unique experiment will test a basic theoretical
interpretation of the forces of nature which is at odds with the implications of quantum mechanical theory.
The GP-B experiment is thereby thought to provide a pathway to a grand unification theory of the forces of
nature.

This test of the general theory requires advanced applications in superconductivity, magnetic shielding, precision
manufacturing. spacecraft control mechanisms, and cryogenics. The GP-B spacecraft will employ super-precise quartz
gyroscopes (small quartz spheres machined to an atomic level of smoothness): coated with a super-thin film of
superconducting material (needed to be able to "read-out™ changes in the direction
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of spin of the gyros); encased in a ultra-low magnetic-shielded, supercooled environment (requiring a
complex process of lead-shielding. a large supercooled dewar. and a sophisticated interface among the
instrument®s telescope. the shielded instrument probe, and the dewar); and maintained with a level of
instantaneous pointing accuracy of 20 milliarcseconds (requiring precise star-tracking. a "drag free"
spacecraft control system. and micro-precision thrusters).

The combinarion OF these technologies will enable GP-B to measure (1) the distortion caused by the movement
of the Earth"s gravitational field as the Earth rotates west to east; and. (2) the distortion caused by the
movement of the GP-B spacecraft through the Earth"s gravitational field south to north. to a level of
precision of .2 milliarcsecond per year, the width of a human hair observed from 50 miles.

Demonstration of many of these technologies has already been performed by Stanford University in
collaboration with the Lockheed Palo Alto Research Laboratory (LPARL). Following NASA®"s 1984 review of the
status of the GP-B experiment, NASA directed Stanford University to focus on ground test verification of
GP-B technologies, augmented by the Shuttle Test of Relativity Experiment (STORE) prior to start-up of a
GP-B flight program. Since then. prototype gyroscopes. telescope assemblies. a flight-like probe which
surrounds the instrument and telescope, and a laboratory version of a dewar have been subjected to a first
round of laboratory testing. Many subcomponent technologies have been designed and evaluated leading up to
this initial verification test.

Development of prototype instrument, telescope, and dewar systems. leading to completion of ground
verification testing in 1996. will continue as the program transitions to new start activities. Transition
to flight article development will begin in FY 1993 following selection of a spacecraft manufacturer.

Under a unique arrangement, GP-B is to be managed by staff of Stanford University, which includes university
researchers. professional managers, doctoral candidates. and other student researchers. Close technical
collaboration with LPARL for GP-B probe and dewar development and testing will continue. Satellite
integration will be performed by a spacecraft manufacturer to be selected under a competitive procurement
sponsored by Stanford University. NASA®"s Marshall Space Flight Center will provide technical and managerial
support of the Stanford University project and arrange for GP-B launch services and satellite operations.

CHANGES FROM FY 1993 BUDGET ESTIMATE

In accordance with Congressional direction. $27.0 million was provided for the G?-B/STORE program. $1.9
million has been provided for initiation of GP-B development in FY 1993. which will enable a spacecraft
contractor selection and tests of flight gyroscopes to be conducted. The remainder has been applied to
STORE activities which is budgeted in Payload and Instrument Development.
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BASIS OF FY 1994 ESTIMATE

In FY 1994. GP-B design activities will begin in earnest. Following selection of a spacecraft contractor in
late FY 1993. spacecraft design activities will begin. A spacecraft Preliminary Design Review (PDR) is
scheduled to occur in 1995. Development of a flight unit instrument, telescope assembly. probe. and dewar
will also commence. leading up to PDR's for the telescope, probe. and dewar in 1994 and 1995. Total
development cost of the GP-B is estimated to be $400-440 million, excluding launch vehicle and mission
operations/data analysis costs.
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BASIS OF FY 1994 FUNDING REQUIREMENT
GLOBAL GEOSPACE SCIENCE

1993 1994
1992 Budget Current Budget
Actual =~ Estimate =  Estimate =  Estimate
(Thousands of Dollars)
Global geospace SCIeNnCe.....vovvvnnssnn 75.300 60,100 72.647 13,300
Mission operations and data analysis... (2,500) (16,000) (2,000) (11,100)
Launch vehicles.....ooiiiiiiiininnnnnns (28.200) (15,600) (3,700) (8,600)

OBJECTIVES AND STATUS

Global Geospace Science (GGs) is part of the United States™ contribution to the International Solar
Terrestrial Physics (ISTP) program. This program is an international. multi-spacecraft, collaborative
science mission designed to provide the measurements necessary for a new and comprehensive understanding of
the interaction between the sun and the Earth. GGS will allow the United States to become a full partner in
the ISTP program, reinforcing our commitments to international cooperation and maintaining a leadership role
in solar-terrestrial physics.

The GGS is a complementary science mission to the Collaborative Solar Terrestrial Research (COSTR) program
under which NASA provides instruments and launch support in exchange for access to science data in a
cooperative effort with the European Space Agency (Esa) and the Japanese Institute of Space and Aeronautical
Science (ISAS). The combined ISTP program will include eight spacecraft: two U.S. spacecraft, Wind and
Polar: five ESA spacecraft, including the Solar and Heliospheric Observatory (S0H0) and four Cluster
spacecraft: and one ISAS spacecraft, Geotail. Launch of this suite of systems began in 1992 with the
successful launch of Geotail and will be completed in 1995.

The GGS spacecraft will combine their measurements with the Geotail satellite and other Earth observing satellites
as the first phase of the ISTP program. The two U.S. spacecraft will use a total of nineteen instruments to make
simultaneous measures of the interaction of the solar wind with the Earth"s magnetic field, both at the head of the
field and as the field surrounds the Earth. GGS will provide the first coordinated geospace measurements of these
key plasma source and storage regions, perform multi-spectral global auroral imaging. and provide multi-point study
of the Earth"s magnetic response to the solar wind. The GGS mission will enhance understanding of how energy and
matter from the sun influences Earth®"s geospace and atmosphere. contributing to assessments of the relationship of

RD 3-12



the sun to the Earth"s climate. GGS spacecraft contract award was completed in FY 1989. as was final
confirmation and initiation of instrument development activity. Wind instruments have completed delivery:
mechanical and electrical integration is continuing. Polar instruments are scheduled for delivery in early
CY 1993. Wind is scheduled for launch in February 1994; Polar launch is scheduled for May 1994.

CHANGES FROM FY 1993 BUDGET ESTIMATE

Funding is increased by $11.8 million to support additional requirements due to schedule delays. The launch
dates for the Wind and Polar missions have been revised to February 1994 for Wind and May 1994 for Polar.

An additional increase of $0.7 million is due to the redistribution of Research Operations Support (ROS)
funding.

BASIS OF FY 1994 ESTIMATE

FY 1994 funds will be required to complete development of the Wind and Polar spacecraft, instruments and
ground system, and to support activities through 30 days after launch. The Wind spacecraft is scheduled for
environmental testing from early 1993 through the summer. After a period of instrument refurbishment,
launch preparations are to begin in December 1993.

Polar is scheduled to enter its test program in June 1993 and to complete testing in October. Instrument
refurbishment, reintegration. and retest are to precede the beginning of launch preparations in April 1994.
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PAYLOAD AND INSTRUMENT DEVELOPMENT

1993 1994
1992 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Shuttle test of relativity experiment.. 27,200 25,100 2+400
Collaborative solar terrestrial

FeSEArCN s v et en s ansansanansnnsnns 62,500 50.300 50,812 25,100

Tethered satellite system.............. 3.300 3.300 1,500 --

Astrophysics payloads............ooutt. 23.700 23.700 20,728 24.300

Space physics payloads................. —1.600 —900 —1.200 -1 600

Total cv-vvervnernncnncrnncsnnnnns 118300 22,200 99 340 53_400

OBJECTIVES AND STATUS

Instrument development activities support a wide range of instrumentation. Funds are included for early
test, checkout. and design of instruments for long-duration free-flying missions, Shuttle-supported
missions. and international flights of opportunity.

The Shuttle Test of Relativity Experiment (STORE). which will provide in orbit testing of GP-B instrument
performance, will continue towards its flights aboard the Shuttle in 1995 and 1997. This Shuttle flight
article will be used to demonstrate the suspension and high-rate spin properties of high-precision quartz
gyroscopes in a low-gravity environment. These gyroscopes constitute the science instrument to be used in
the Gravity Probe-B (Gp-B) spacecraft.

The Collaborative Solar Terrestrial Research (COSTR) program, in conjunction with NASA’s development of the
GGS spacecraft. represents the U.S. contribution to the International Solar Terrestrial Physics (ISTP)
program. Whereas the GGS program will deploy and operate two U.S. satellites. COSTR provides

U.S. instruments for flight aboard foreign spacecraft. The latter include the Solar and Heliospheric
Observatory (SOHO). four Cluster spacecraft provided by the European Space Agency (ESA), and the Geotail
mission developed by Japan. Geotail was successfully launched in July 1992 and its operation is nominal.
The European SOHO and Cluster missions are scheduled for launch in 1995.

The Tethered Satellite System (Ts3) was flown aboard the shuttle in July-August 1992. The TSS science
program was an international cooperative project with the Italian government. Data analysis activities
related to TSS science instruments provided by the U.S. will cease after FY 1993.
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Funding for Astrophysics payloads supports development of several instruments designed for flight on the
Space Shuttle, including the Orbiting and Retrievable Far and Extreme Ultraviolet Spectrometer (ORFEUS) and
Interstellar Medium Absorption Profile Spectrograph (1vaes), to be flown on the German-U.S. Shuttle Pallet
Satellite (SPAS. 1993); ASTRO-2 (1994), a reflight of the ultraviolet portion of the ASTRO-1 (1990) mission;
and the Infrared Telescope in Space (IRTS. 1995). a joint u,.S.-Japanes2 mission which will be launched on an
expendable launch vehicle and recovered by the Shuttle.

The ORFEUS/IHAPS, which is scheduled to fly aboard the Shuttle in the summer of 1993. will explore the
character of extreme and far ultraviolet sources, study the composition and distribution of matter in the
neighborhood of the sun, and perform direct observations of the interstellar medium. ASTRO-2 will perform
far ultraviolet spectroscopy. broad-band ultraviolet imaging and ultraviolet polarization studies of
galactic and stellar phenomena. Integration and test is underway for the IRTS mission, which will survey
the sky for cool galactic and intergalactic phenomena across a broad range of the infrared spectrum.

The Astrophysics program also supports a number of ongoing international and U.S. development projects.
These include the High Energy Transient Experiment (HETE. 1994). a small satellite for study of gamma-ray
burst phenomena in multiple wavelengths: ground-based support for Japan®s Very Long Baseline Interferometry
Space Observatory Program (VSOP. 1995) and Russia®s RADIOASTRON (1997) program: the Stellar X-ray
Polarimeter (SXrp) instrument to be flown on Russia®s Spectrum-X-Gamma (S$XG, 1995) mission: U.S. cooperation
on the Infrared Space Observatory (130, 1995). a European follow-on to the Infrared Astronomical Satellite
(IRAS, 1983): and portions of two instruments to be flown on Europe®s X-ray Spectroscopy Mission

(XMM, 1998).

The HETE is being managed by the Massachusetts Institute of Technology. As part of its innovative
management activities. the university team has obtained an inexpensive satellite from industry, reduced
management overhead, relied exclusively on mature technologies. and used contributions from international
partners, This mission is to provide information about the precise location of gamma-ray bursters and
spectral analysis of these and other high energy transient phenomena.

The VSOP and RADIOASTRON will provide the highest resolution images of radio sources ever obtained. NASA is
providing scientific guidance. ground processing hardware. and construction of four ground stations (called
NASA*s Space Very Long Baseline Interferometer (SVLBI) subnet) to support both missions. With its extremely
long baselines, VSOP and RADIOASTRON will explore very small radio sources with high angular resolution,
thereby achieving higher resolution of active galactic nuclei and compact radio sources than can be achieved
on the ground.

The SXRP instrument will complement other instruments on the Russian SXG mission, providing low resolution
polarization data across the x-ray spectrum. Europe®s IS0 is an observatory with a projected life of
18 months that will provide infrared data for studies of star formation. of other infrared objects and

galaxies, and of the infrared background.
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The European Space Agency (8sa) < satellite is a medium resolution system using highly sensitive
instruments providing broad-band study of the x-ray spectrum. This important mission will combine
telescopes with heavily nested grazing incidence mirrors and a focal length greater than 7.5 meters with

3 imaging array instruments and two reflective grating spectrometers. The X is to have a design life of
10 years.

Space Physics payloads funding will be used to analyze data from instruments flown on the Atmospheric
Laboratory for Applications and Science (ATLAS-1, 1992) Shuttle mission through 1993. FY 1993 Astrophysics
payload funding will also be used to study this mission®s results and the results of the ASTRO-1 mission.
The small level of continuing funds for Space Physics payloads will be used to develop instruments for
future flight opportunities.

CHANGES FROM 1993 BUDGET ESTIMATE

In accordance with Congressional direction, STORE was funded at $27 million in 1993. $1.9 million of those
funds were applied to a new separate line for the start of the GP-B science program.

Also. $3.0 million was transferred from Payload and Instrument Development to Shuttle/Spacelab Mission
Management and Integration for preparation for the ASTRO-2 flight in 1994. A reallocation of $0.3 million
from the TSS program to Space Physics payloads was made to complete ATLAS-1 data analysis activities. In
addition. $1.5 million was transferred from the TSS program to the GGS development program. These
adjustments are increased by $0.5 million due to the redistribution of Research Operations Support (rROS)
funding.

BASIS OF FY 1994 ESTIMATE

In FY 1994. work will continue on STORE towards its initial launch in 1995. Environmental testing of the
STORE flight unit is to be performed in FY 1994.

The COSTR program will provide continuing support for development of the joint ESA-U.S. SOHO and Cluster
missions. Flight model instruments for Cluster and SOHO are to be delivered during CY 1993 and integration
and checkout activities will occur in Europe prior to launch in 1995.

Under Astrophysics payloads. FY 1994 funding will support data analysis of the 1993 DXS Shuttle payload
mission. Support is also provided in FY 1994 for ASTRO-2 Shuttle payload development and conduct of science
activities for the 1994 mission. Preparation for the Japanese IRTS mission. which will be returned by the
Shuttle in 1995. will also be underway.

RD 3-16



Payloads for other U.S. and international missions scheduled to be under development in FY 1994 include the

HETE and SXG missions. both scheduled for launch in FY 1995.
the IS0 mission and for ongoing preparation for the Japanese and Russian radio astronomy missions.

component design and fabrication will continue for the XMM mission.

Support will also be provided in FY 1994 for

Early
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BASIS OF FY 1994 FUNDING REQUIREMENT
EXPLORER DEVELOPMENT

1993 1994

1992 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Extreme ultraviolet explorer........... 6. 600 -- -- --
Explorer platform..........ccvvievunnnn 11,350 -- -- --
X-ray timing explorer.................. 47.400 65.100 65,651 45,600
Advanced composition explorer . . = . . -- .. . 28,000
Small explorers....oeeeiiiiinninnnnnnss 33,654 35.000 36,397 39,400
Other explorers.......cvvviivinnnnnnnns 10.096 12.400 13.784 10,300
Total.....coviiiiii e 109,100 112,500 115.832 123.300

OBJECTIVES AND STATUS

Past Explorers have discovered radiation trapped within the Earth"s magnetic field, investigated the solar
wind and its interaction with the Earth, studied upper atmosphere dynamics and chemistry, mapped our galaxy
in radio waves and gamma-rays, and determined properties of the interstellar medium through ultraviolet
observations. Explorers have performed active plasma experiments on the magnetosphere. made in-situ
measurements of the comet Giacobini-Zinner. and completed the first high-sensitivity, all-sky survey in the
infrared, discovering over 300.000 sources.

Recent missions include the 1992 launch of Extreme Ultraviolet Explorer (EUVE) and the first Small Explorer
mission, the SAMPEX.

The X-ray Timing Explorer (XTE. 1996) and two Small Explorer missions are currently under development. The
latter are the Fast Auroral Snapshot Explorer (FAST. 1994) and the Submillimeter Wave Astronomy Satellite
(SWAS. 1995).

The XTE will use three instruments to conduct timing studies of x-ray sources. An comprehensive record of
the source of x-rays with varying intensity over time, characterization of those attributes, and study of
compact x-ray emitting objects such as binary stellar masses will be performed by XTE. FAST will provide
high resolution data on the Earth®"s aurora and how electrical and magnetic forces control them. The flow of
electrons. protons, and other ions will be studied with greater sensitivity and spatial discrimination and
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faster sampling than ever before. using five small instruments. FAST data will be integrated with the
results of other Earth observing satellites and ground observations. SWAS will provide discrete spectral
data for study of the water, molecular oxygen, and carbon monoxide in dense interstellar clouds, the
presence of which is related to the stability of these clouds.

The Advanced Composition Explorer (ACE. 1997) will initiate development in FY 1994. This space physics
mission will use nine instruments to study the composition of the solar corona, interplanetary and
interstellar media, and galactic matter across a wide range of plasma phenomena. The instruments include
six high-resolution spectrometers. designed to improve the collecting power of previous systems, to study
the mass and charge of plasma phenomena. Three other instruments will provide measures of the lower energy
phenomena related to the solar wind.

NASA"s Explorer program also provided telescope mirrors and instrument components for the Japanese Astro-D
mission. Astro-D. which was successfully launched on February 19. 1993. will observe x-rays from cosmic
sources with emphasis on moderate-resolution imaging and broad-band spectroscopy.

The mid-sized Far Ultraviolet Spectroscopic Explorer (FUSE. 2000) mission is still in the