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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1995 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 role as both a leader in world
aviation and as the preeminent spacefaring nation.

The NASA budget request of $14.300 million has been restructured in FY 1995 into four appropriations:

Human Space Flight - providing funding for the Space Station and Space Shuttle programs, including
flight support for cooperative programs with Russia:

Science, Aeronautics and Technology - providing funding for NASA"s research and development
activities, including all science activities. global monitoring, aeronautics. technology investments.
education programs, mission communication services"and direct program support:

Mission Support - providing funding for NASA"s civil service workforce, space communication services.
safety and quality assurance activities, and maintenance activities for the NASA institution.

Inspector General - providing funding for the manpower and support required to perform audits and
evaluations of NASA"s programs and operations.

This budget request reflects the President®s strong commitment to space and aeronautics. It also signals a
continuing commitment by NASA to conduct its activities in the most efficient and effective manner. to be
aggressive in pushing the entire community involved in NASA®s programs to gain the maximum value from every
dollar spent. NASA was actively involved in the National Performance Review (¥NPR), and is proceeding to
implement the recommendations of the NPR. both as they relate specifically to NASA and to the federal
government in general. A strengthened program management system has been implemented which will focus senior
management attention on program performance. The FY 1995 budget request signals a new way of doing business
in all aspects of NASA"s program planning and execution.

The FY 1995 budget request concentrates on:

- Implementing a fundamentally expanded program of human cooperation in space, combining the efforts of
Europe, Japan. Canada, Russia, and the United States in a broad range of human space activities:
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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, and understand the nature of global environmental
problems: and.

- Investing in the_development of new technologies, particularly in aeronautics. to strengthen the
leadership position of the United States as an innovator and to ensure the future competitiveness of

the Nation.

This budget has been formulated with the imperative of conserving the financial resources of the Nation by
making difficult decisions concerning the priorities of the Nation"s space and aeronautics program. The
resulting budget supports a program which will encourage innovation, return valuable scientific results.
strengthen the research capabilities of the nation, and benefit the United States taxpayers and also demand
strict accountability for results. The five year budget plan for NASA requires continuing, significant
reductions in the cost of executing programs and supporting activities funded within all appropriations.
NASA is committed to reducing program overhead and eliminating activities with only marginal benefit.
Savings generated by these actions will be applied to enable a more robust NASA program.

The NASA budget has been restructured to consolidate funding for human space flight activities. for science.
aeronautics and technology activities, and for the basic support of NASA programs into separate
appropriations. This new budget structure will provide a focused discussion of space activities, and
provide a framework for policymakers to emphasize program priorities.

HUMAN SPACE FLIGHT

This new appropriation encompasses all the human space flight activities, including development of the Space
Station and the safe and efficient operation of the Space Shuttle. An intensive redesign of the Space
Station was conducted in 1993. During that review, the possibility of including Russia as a partner in the
program was examined. The partners of the international Space Station, led by the United States, extended
an invitation to Russia to join them in the development of the space-based. orbiting laboratory. and an
unprecedented agreement was reached with Russia to become a partner in the effort to produce an
international Space Station. Russia brings extensive experience in long-term space habitation. which
includes expertise on the effects of long-duration space flight on humans and experience in the design and
operation of space stations. The opportunity to conduct cooperative missions of several months on the
Russian Mir Space Station will provide valuable experience and test data which will greatly reduce the risks
associated with the construction and operation of the international Space Station. The participation of
Russia in the Space Station program will advance the space programs of both the United States and Russia and
benefit the aerospace industries of both countries.
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The transition to the redesigned Space Station program is being completed. A new management structure has
been put in place which establishes a clear line of management responsibility and accountability. The new
design maximizes the use of the previous Space Station Freedom design, and preserves the modular approach to
development and assembly. The civil service workforce supporting the program is being reduced, reflecting
the reduction in management layers incorporated into the program management structure. A Systems Design
Review on the redesigned Space Station is scheduled for March 1994. An integrated schedule, incorporating
the development of the United States and Russian hardware elements, is being finalized which will result in
a total assembly schedule for the program. The Russian contributions to the program will include
transportation services. a service module, a "tug module"™ for early station attitude control and ceboost,
and a crew rescue vehicle for rescue and crew rotation. The contributions of the Japanese, European and
Canadian partners remain the same as previously planned.

Funding is included to implement an expanded program of cooperative efforts with the Russians which
encompass early use of the Space Shuttle and Russian Mir Space Station. In October 1992. the United States
and Russia agreed to cooperate in a limited number of joint space flight activities involving exchange of
visits by United States astronauts and Russian cosmonauts to the Mir and on the Space Shuttle. In
December. 1993. the United States and Russia expanded the scope of this agreement to include four or more
U.S. astronaut flights on the Mir station for a total on-orbit stay time of approximately 24 months and up
to ten Shuttle flights to Mir between 1995 and 1997. Funding is included to support the mission planning.
development of the experiment hardware, and procurement of the Shuttle hardware to enable docking of the
Space Shuttle to the Mir station. Funding is also included for a fixed-price contract with the Russian
Space Agency for $100 million for each fiscal year. between FY 1994 and FY 1997. This contract will provide
for delivery of hardware elements and services in support of the U.5.-Russian cooperative activities. which
are currently being defined.

The Space Shuttle continues to provide several unique capabilities to the United States space program. In
1993. seven missions were conducted, including the highly-successful repair of the Hubble Space Telescope.
That mission included a record number of hours of extravehicular activity, which will also prove highly
beneficial in planning future spacecraft repair missions and assembly of the Space Station. Eight Shuttle
missions are planned for each of FY 1994 and FY 1995. and will feature Spacelab flights focusing on
Materials Science, Astrophysics, Earth Sciences and Life Sciences.

The Space Shuttle program continues to aggressively search for ways to reduce costs without sacrificing
safety. Contractor manpower levels supporting the preparation of payloads, mission planning. and hardware
processing activities will be reduced, The program also incorporates a revised role and responsibilities for
NASA civil servants. with less reliance on support contractors in given areas where it is appropriate for
NASA civil servants to move into a "“hands-on' role. Funds are included to continue the implementation of
high-priority safety and performance upgrades to the Shuttle initiated in previous years. Spacelab flights
will continue through 1997. Beginning in FY 1995. future Spacelab-type missions will be transitioning for
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deployment on the redesigned Space Station. As a result of the Russian cooperative program and the
opportunities for long duration flights on Mir. there is a greatly reduced justification for the Space
Shuttle/Spacelab stand-alone long-duration capability. Accordingly, NASA is proposing the termination of
the Long Duration Orbiter development.

SCIENCE., AERONAUTICS AND TECHNOLOGY

Space Science

The Space Science program is designed to expand our scientific understanding as we move away from the Planet
Earth. This ranges from understanding the origin and evolution of the universe. to the nature and evolution
of galaxies, stars and planets, to the makeup and dynamics of the different layers of space plasmas which
make up 99 percent of the universe. Each program conducts development. operation and research activities in
their respective science disciplines.

Development activities continue on the Advanced X-ray Astrophysics (AXAF) and Cassini missions. [In 1992.
the AXAF mission was restructured into two smaller missions: AXAF-1. which focused on high resolution
imaging and dispersive spectroscopy, and the AXAF-S which focused on high spectral resolution spectroscopy.
AXAF-1 is proceeding on its development schedule, with launch on the Shuttle scheduled for FY 1998. The
Congress directed in the FY 1994 HUD-VA-Independent Agencies Appropriations Act (P.L. 103-124) that activity
on AXAF-S be terminated, and to pursue flight of the X-Ray Spectrometer (XRS) instrument aboard the Japanese
Astro-E mission. Due to the lack of detailed definition or the U.S. involvement. a specific funding request
has not been made in this budget The funding provided for this purpose in the FY 1994 appropriation is
being applied to study instrument modifications and spacecraft interfaces. The joint. U,S.-Japan studies
include assessments of scientific merit, amount of U.S. funding required, and development schedules. IT.
upon completion of these studies, the joint program is determined to be scientifically meritorious and
programmatically feasible, NASA will provide the results to the Congress and propose appropriate changes to
the FY 1995 budget request.

The Cassini mission will continue the United States®™ leadership position in planetary exploration by
conducting extensive investigations of Saturn. its rings, and its satellites. In an effort to reduce total
program costs and improve mass and schedule margins, the program was restructured in 1992. Despite
significant changes to the spacecraft design, the science payload remains essentially intact. Development
activities are currently underway with the launch scheduled for October 1997 aboard a Titan IV launch
vehicle. The Magellan spacecraft has mapped approximately 99 percent of the surface of the planet Venus to
a ground resolution of about 150 meters. The spacecraft successfully completed an aerobraking experiment to
circularize its orbit in the summer of 1993. and is currently collecting high resolution gravity data from
this new orbit. Extensive data processing and analysis of existing radar data sets are underway as well.
Mission operations are planned for termination by the end of FY 1994. The planet Mars has been a primary
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program focus due to its potential for previous biological activity and for comparative studies with Earth.
The Mars Observer mission was launched in September 1992 and arrived at Mars in August 1993. Unfortunately.
communications with the spacecraft were lost just prior to orbit insertion. Funds are included to initiate
the Mars Surveyor program, a series of small missions designed to resume the detailed exploration of Mars.

Funding is also included to continue development of two missions initiated in FY 1994. the Mars
Environmental Survey (MESUR) Pathfinder.and the Near Earth Asteroid Rendezvous (NEAR) missions. These
missions are the first two Discovery missions that will demonstrate the viability of low-cost, quick design-
to-flight planetary missions. A Discovery mission development cost (phase C/D through launch plus 30 days)
must be within $150 million (Fy 1992 $) and must launch within three years from start of development. MESUR
Pathfinder will provide information on the atmosphere and surface characteristics of Mars. NEAR will
conduct a comprehensive study of the near Earth asteroid 433 EROS. Both missions are planned for launch on
Delta II expendable launch vehicles. MESUR Pathfinder is scheduled for launch in December 1996: NEAR is
scheduled for launch in February 1996,

Funding is also included to continue development of the Relativity Mission, which combines two previously
separate programs. the Gravity Probe-B mission and the Shuttle Test of Relativity Experiment. The Global
Geospace Science spacecraft, Wind and Polar, are scheduled for launch in FY 1994. Current indications are
that the launch of Polar. and possibly Wind. could slip into FY 1995. Upon completion of this assessment,
the agency will determine what additional funding is required in FY 1994 and FY 1995. The Explorer program
continues to support the X-ray Timing Experiment and the Submillimeter Wave Astronomy Satellite, both
scheduled for launch in 1995. Development of the Advanced Composition Explorer was initiated in FY 1994 in
preparation for launch in 1997.

The Hubble Space Telescope (HST) Servicing Mission in December 1993 restored the capabilities of the HST to
the original design specifications, and the HST is now able to see ten times farther than before the optical
correction was made. This has increased the field of objects available for study by 1,000 times. Mission
Operations funding will support the science investigation teams for HST and the preparations for future HST
servicing missions planned for 1997 and 1999. Mission Operations and Data Analysis (M0&DA) Funding will
also support development of unique ground systems elements of the AXAF program. final preparations for
Galileo's arrival at Jupiter in December 1995. and continued data and analysis activities for the Compton
Gamma Ray Observatory mission, the Extreme Ultraviolet Explorer mission and other missions. The Research
and Analysis (R&A) program provides ongoing support for basic and applied research. new technology
development and theory-building at NASA centers. universities. industrial laboratories. and other government
laboratories, Advanced studies will also continue to define technical and scientific requirements for
future space science missions.

Funding for science data management. archiving and science networking are also provided for under the Space
Science program. Due to Agency budget constraints, the FY 1995 budget request in several of these areas has
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been held to the FY 1994 level, i.=., without provision for inflation, and in other areas has been reduced
below the FY 1994 level. Some activities will be reduced or possibly terminated. An assessment of overall
program requirements is currently underway to assess priorities and determine candidates for reduction or
termination.

Life and Microaravitv 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 and Space Station. In Life Sciences. definition and development of experiments and
hardware for the Spacelab Life Sciences (SLS) series and other international flight opportunities will
continue, including the design and development of payloads for the joint program with Russia which focus on
understanding biomedical problems associated with long-duration missions and other microgravity and
biotechnology research. A main theme in 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 for the development and utilization of Space Station-based experiment facilities is included in this
budget. Continued emphasis is placed on cooperation with the National Institutes of Health (NIH) 1in
biomedical research programs. Specific research initiatives are under development to expand participation
of the mainstream biomedical community in the NASA Life Sciences program.

Funding for Microgravity research will continue basic and applied research activities as well as the payload
development effort, using Shuttle middeck, Spacelab, Mir, and cargo-bay experiments. A series of future
flights is planned over the next several years which will provide opportunities for evolving microgravity
experiments from short- to long-duration periods of on-orbit operations. Preparation for the advent of
Space Station operations will intensify in FY 1995, with substantial work planned for the initiation of
payload facility development, integration, training and operations activities.

Mission to Planet Earth

NASA is a major participant in the U.S. Global Change Research program. The Earth Observing System (E0S)
program and Earth probes are major elements of this program, and will contribute an understanding of the
global climate system. The Eos will provide long-term data sets for use in modeling and understanding
global processes, and the first EOS satellite, AM-1. 1is scheduled for launch in mid-1998. The Earth probes
will provide data in specialized areas, such as tropical rainfall, ocean wind speed and direction, and
global ozone concentrations. There are three Earth Probes currently under development. The Tropical
Rainfall Measurement Mission (TRMM) spacecraft is scheduled for launch in 1997 by a Japanese launch vehicle.
The NASA Scatterometer (NSCAT) is scheduled for launch on the Japanese Advanced Earth Observing System
(ADEOS) Satellite in 1996. The Total Ozone Mapping Spectrometer (TOMS)Scatterometer program includes a set
of instruments which will be flown in 1994. 1996 (also on the ADEOS satellite) and will be available for a
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flight opportunity in 1998. The EOS Data Information System (EOSDIS) will provide the processing, storage,
and distribution of the EOS science data and resulting scientific products. Development of the EOS. EOSDIS
and Earth Probes is a high priority of NASA, and funding is included to support the first EOS spacecraft,
AM-1, the Earth Probes under development, and the EOSDIS. The budget estimates assume some delay in the
EOS-PM and Chemistry spacecraft development schedules. In part, this reflects the delay in the procurement
schedule for the common spacecraft bus. The EOS-PM and related spacecraft bus detailed definition phase was
extended to permit further consideration of spacecraft configurations compatible with a medium-class
expendable launch vehicle. [IT this approach is determined to be technically feasible and consistent with
EOS program requirements, it could result in reduced funding estimates for for launch vehicles and a revised
cost and schedule plan. The current program schedules and funding plans assume a larger spacecraft platform
and commensurately sized ELV. Also included is funding for development of the first Space Station attached
payload in Mission to Planet Earth. the Stratospheric Aerosol and Gas Experiment III (SAGE-111). Consistent
with the new budget structure, the budget request for the Science, Aeronautics and Technology appropriation
includes funding to continue construction of the Earth Systems Science Building, which will house civil
service, contractor, and visiting science personnel conducting global change and Earth science research
using EOS.

Consistent with fiscal constraints, the budget provides for the highest priority operation, data analysis
and supporting research activities of the Mission to Planet Earth program. The budget also provides for
continued land remote sensing program activities, with a revised approach to the Landsat program under
consideration.

Aeronautical Research and Technology

The Aeronautics Research and Technology program provides a broad foundation of advanced technology to
strengthen the United States leadership in aviation, an industry which plays a vital role in the economic
strength, transportation infrastructure and national defense of the United States. NASA"s unique research
capabilities contribute to the strengthening of America®s aviation industry in many ways, and the FY 1995
program continues important investments required to pursue the high leverage technologies required to
support both the subsonic and high-speed civil transport economic viability. These investments are
essential to the technology to ensure U.S. leadership for a future high-speed civil transport and to address
the important capability and capacity issues associated with future subsonic transport aircraft. Funding is
also included to continue NASA"s leadership role in the multi-agency High Performance Computing and
Communications (HPCC) program. The NASA HPCC program is focused to enable broad advances in aerospace
vehicle design, Earth and space systems science research. access to databases of remote sensing images and
K-12 science education. Funding for Hypersonics Research has been transferred from the Research and
Technology Base and consolidated in the Systems Technology Program budget to focus the program on
development of the key enabling technologies for hypersonic air-breathing aircraft. Funding appropriated in
FY 1994 for the National Aerospace Plane is not included in this program. Funding for the program support
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activities of the Research and Technology Base has been reduced to meet overall Agency budget levels:
however, the budget request still supports a strong and challenging fundamental foundation for future
aviation advances. Most of the FY 1994 funds for wind tunnel facilities will be made available in FY 1995
for the definition of requirements and design. in collaboration with industry. of new or drastically
modified wind tunnels.

Advanced Concepts and Technoloav

The implementation of the new Office of Advanced Concepts and Technology (OACT) is complete. and the
programs of the Space Research and Technology budget and the Commercial Programs budget have been merged.
This new office will lead NASA"s efforts to support the development and application of technologies critical
to the economic, scientific. and technological competitiveness of the U.S. and to promote U.S. industrial
preeminence through strengthened linkages between the private sector and NASA technology efforts. The
Advanced Concepts and Technology budget is organized around areas of customer focus: advanced space
transportation. spacecraft and remote sensing. space communications. space processing, technology transfer.
and flight programs. The technology programs which support each of these areas include a range of
technology efforts from near-to mid- to longer-term durations. Each program also involves balanced
participation by NASA field centers. universities. and industry. including the Centers for the Commercial
Development of Space.

The budget request for OACT in FY 1995 will support continued efforts to aggressively pursue the transfer of
technology from NASA to the private sector. Funding is included to continue two programs initiated in FY
1994 as part of the President®s New Technology Investments. The Advanced Small Satellite Technology program
is focused on efforts to develop and apply advanced miniaturization technology for small spacecraft. This
program is conducted in partnership with industry, universities, and other government agencies. with a
significant focus on proactive technology transfer. The second initiative. the Industry Technology Program.
will support technology development and application projects which support high-risk and high pay-off
opportunities that demonstrate strong potential for commercial benefits.

Funding for Advanced Space Transportation includes efforts previously distributed in several programs,
including the Solid Propulsion Integrity Program (SPIP). the Advanced Launch Technology effort and the
Advanced Programs. The Administration is presently conducting an interagency review of the National Space
Launch policy to determine a future course of action for supporting near-. mid-, and long-term space launch
requirements. This review will be conducted during the first half of 1994. The NASA program plan and
budget for Advanced Space Transportation research and technology development activities will be altered
consistent with the policy determinations of the Administration and will be submitted to the Congress in
accordance with established procedures.
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Academic Pronrams

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 actively involved in the activities
of the National Science and Technology Council/Committee oOn Education and Training (CET). This budget
request supports the milestones outlined in the CET Strategic plan.

NASA has made a major commitment to playing a leadership role in strengthening the capabilities of minority
universities to compete for "mainstream” federal research funding. The FY 1995 budget request for the
Minority University Research and Education program will enable NASA to significantly increase its efforts to
strengthen the research infrastructure of the Historically Black Colleges and Universities and Other
Minority Universities. particularly Hispanic-Serving Institutions.

Mission Communication Services

Beginning in FY 1995. NASA®"s communications program will be split between in the Science. Aeronautics and
Technology and the Mission Support appropriations. Support which is most directly related to NASA"s science
and aeronautics programs, including ground network support. mission planning for robotics spacecraft
programs. suborbital mission support. and support to aeronautics test programs, is included in the Science.
Aeronautics and Technology appropriation. Funds are included in this budget to operate and sustain NASA"s
Deep Space Network, Wallops Flight Facility (and subsidiary facilities). and the Western Aeronautical Test
Range which provide support for NASA®s robotic science. aeronautics and suborbital programs: and the
Spaceflight Tracking and Data Network.

MISSION SUPPORT

Safety. Reliabilitv _and Qualitv Assurance

NASA is committed to providing leadership in quality management of science and engineering programs. The
Office of Safety and Mission Assurance (0S&MA) 1S responsible for the development and implementation of risk
management practices and Safety, Reliability and Quality Assurance (SR&QA) practices into all NASA
activities. The funding requested in FY 1995 will continue a wide range of activities underway through
which SRCQA practices are integrated into the earliest phases of development for space and aeronautics
programs. The OSCMA will continue to focus on the Agency"s complex software requirements. as it begins
operation of the Independent Verification and Validation (IV&V) Facility in West Virginia. This facility
will provide leadership in the research and development of software IV&V techniques and standards.
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Space Communication Services

Consistent with the new appropriations structure. funding for the operation. sustainment. and replenishment
of NASA"s Space Network is now funded in NASA"s Mission Support appropriation. This program supports the
operation of the Tracking and Data Relay Satellite System, the ground terminals at White Sands. New Mexico.
and the NASA Control Center at Goddard Space Flight Center. Funds for services provided to non-science
users of the TDRSS are included under this program. The NASA Communications (NASCOM) system and the Program
Support Communications Network (PSCN) are also funded by this appropriation. Completion of the F-7
spacecraft, and the initiation of procurement activities for the Replenishment TDRS spacecraft (F-3 through
F-10) are expected to occur in FY 1994. FY 1995 funding provides for start of the development contract for
the Replenishment TDRS spacecraft in FY 1995. The Second TDRS ground terminal is scheduled to hegin
operations in Spring 1994. Funding is included to continue the upgrade of the White Sands Ground Terminal,
which is scheduled for completion in 1995.

Research and Program Management

The NASA workforce is the foundation underpinning the successful achievement of NASA®"s goals. Funding for
the salaries, travel support and other personnel expenses for the entire NASA workforce is included.
Consistent with the new appropriations structure, funding for support activities to the NASA workforce and
physical plant identified as Research Operations Support has been transferred into the Mission Support
appropriation and included in Research and Program Management (R&PM) .

Legislation is proposed in the President®s Budget Request to cover a shortfall in the rR&PM appropriation
caused by the implementation of locality pay and by the delay in enactment of buyout authority. The
rescission of $95.0 million appropriated in FY 1994 to Research and Development/Space Flight. Control and
Data Communications is proposed to enable a supplemental appropriation for FY 1994 of $60 million in R&PM.
This supplemental appropriation is required to avoid the extended furlough of the entire NASA workforce.
Rescission of the greater amount of funds from the Research and Development and the Space Flight, Control
and Data Communications appropriations is required to keep the supplemental action outlay neutral.

Construction of Facilities

Funding is included for discrete projects to repair and modernize the basic infrastructure and institutional
facilities, the minor repair, rehabilitation and modification of existing facilities. minor new consruction
projects, environemtnal compliance and restoration activities, the design of facilities projects, and the
advanced planning related to future facilities needs. Funding for the construction of programmatic
facilities has been moved to the appropriate program budgets, consistent with the new appropriations
structure.
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NATIONAL AERONAUTICS & SPACE ADMINISTRATION

FY 1995 BUDGET SUMMARY
(IN MILLIONS OF REAL YEAR DOLLARS)

BUDGET PLAN

1993 1994

HUMAN SPACE FLIGHT 6.672.0 6,069.7
SPACE STATION 2,162.0 1,937.0
RUSSIAN COOPERATION 79.5 170.8
SPACE SHUTTLE 3,988.2 3,549.3
PAYLOAD AND UTILIZATION OPERATIONS 442 .3 412.6
SCIENCE. AERONAUTICS AND TECHNOLOGY 4,908.7 5,847.3
SPACE SCIENCE 1,510.4 1,721.9
LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS 407.5 515.3
MISSION TO PLANET EARTH 936.3 1,024.5
AERONAUTICAL RESEARCH AND TECHNOLOGY 769.4 1,102.2
ADVANCED CONCEPTS AND TECHNOLOGY 464.9 495.3
LAUNCH SERVICES 180.8 313.5
MISSION COMMUNICATION SERVICES 546.5 589.1
ACADEMIC PROGRAMS 92.9 85.5
MISSION SUPPORT 2,727.2 2,619.0
SAFETY, RELIABILITY AND QUALITY ASSURANCE 32.7 34.3
SPACE COMMUNICATION SERVICES 333.7 2144
RESEARCH AND PROGRAM MANAGEMENT 2,171.4 2,148.2
CONSTRUCTION OF FACILITIES 189.4 222.1
INSPECTOR GENERAL 146 15 4
TOTAL BUDGET AUTHORITY 14.322.5 14,551.4

TOTAL OUTLAYS 14,304.3 14,201.0

J9o5q
5,719.9

1,889.6
150.1

3,324.0
356.2

5.901.2

1,766.0
470.9
1,238.1
898.5
608.4
340.9
481.2
97.2

2.662.9
38.7
268.9
2,220.3
135.0
16 0

14.300.0
14,459.0
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1995 ESTIMATES

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS
(Thousands of Dollars)

TOTAL R&D SFC&DC COF R&PM

FISCAL YEAR 1993

APPROPRIATION P.L. 102-393/BUDGET PLAN 14,330,376 7.08%,300 5,086,000 525.000 1,615,014

APPROPRIATION TRANSFER P.L. 103-50 --- 5,000 -5,000
RESCISSION/SUPPLEMENTAL PURSUANT
TO P.L. 103-50 -7,200 -27.200 20,000
LAPSE OF FY 1993 UNOBLIGATED FUNDS -649 -178
1,634,836

TOTAL BUDGET PLAN 14,322,527 7,094,300 5,058,800 520.000

EISCAL YEAR 1994

APPROPRIATION P.L. 103-124/BUDGET PLAN 14,551,399 7,529,300 4,853,500 517.700 1,635,508
[-145,000] (-88,000]) (-32,000) (-25,000]

PROPOSED RESCISSION
{60,000]

PROPOSED SUPPLEMENTAL

(60.0001

TOTAL BUDGET PLAN 14,551,399 7,529,300 4,853,500 517,700 1,635,308

15,062

471

14,591

15,391

15,391

O
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1445 ESTINATES
SUNMARY OF BUDGET PLANS BY INSTALLATION 8Y APPROPRIATION

........................................................

..............................................................................................................................................................................

Science, Aeronauties

Tota! And Techaolegy Human Space Flight Nission Suppert
1993 1994 1995 1993 1994 1995 1993 1994 1995 1993 1994 1995

Jehasen Space Center ......... 2,847,646 2,144,385 1,494,171 167,812 174,744 188,266 2,324,400 1,608,900 1,454,400 350,434 355,716 356 ,505
Space $ti Program Office...... 0 1,280,046 1,334,707 0 0 0 0 1,254,700 1,313,000 0 25,346 26,707
Kennedy Space Center ......... 1,564,725 1,421,490 1,414,021 37,495 38,476 45,724 1,250,200 1,101,500 1,106,600 277,030 281,014 261,698
Marshall Space Flight Center . 3,104,652 2,775,037 2,655,706 412,920 536,456 548,712 2,316,600 1,843,700 1,724,500 375,132 344,381 377 494
§teanis Space Center.......... 85,065 83,224 74,663 8,691 11,104 15,337 41,000 27,400 22,600 35,374 44,720 36,726
Beddard Space Flight Center .. 2,271,186 2,214,876 2,456,420 1,66%,133 1,708,094 1,886,378 14,404 8,400 4,800 590,653 447 882 560,742
Jet Propulsien Laboratory .... 807,176 1,013,046 1,083,545 778,524 491,466 1,054,685 1,500 100 0 27,152 21,030 23,410
Ames Research Center ......... 700,018 707,674 640,317 475,145 484,571 454,418 7,200 5,700 6,100 217,673 217,408 224,794
Langle]\& Research Center ...... 543,598 704,518 690,051 312,313 471,576 456,212 3,400 300 0 227,885 232,642 233,834
Lewis Research Center ........ 1,002,633 921,434 781,841 388,804 568 525 539,075 364,204 110,300 7,000 244,624 243,109 235,816
Kladquacters oo, 1,340,126 1,283,453 1,078,997 §57,889 855,778 767,388 344,100 108,200 70,900 338,137 314 475 300,709
Proposed Supplemeatal ......... 0 -60,009 0 0 0 0 0 0 0 0 -60,000 0
Undictributed Construetion of

Facilities:

Various Locations .......... 14,811 14,285 8,955 ] 0 0 ] ] 0 14,811 14,285 8,455

Facility Planning

and Desiga ............... 23,380 32,000 10,000 0 0 0 0 0 0 23,300 32,000 10,000

Total Budget Plas ............ 14,307,936 14,536,008 14,284,000 4,008,726 5,847,300 5,001,200 6,672,000 6,068,700 5,719,900 2,727,210 2,619,008 2,662,900
Inspecter Geaeral............. 14,591 15,30 16,000 - --- --- ---
Total Ageney.................. 14,322,521 14,551,309 14,300,000
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCQ) YEAR 1995 FST MATSS

The FY 1995 multi-year budget estimate is submitted) in accordance with the NASA FY 1989 Authorization Loy
(P.L. 100-685). The enclosed table contains the b-dget estimates for FY 1995, along with the

Administration's projections for 1996 and 1997. FOr comparison purposes, FY 1993 and 1994 have been
restrpctured to reflect the new aggrogrieti structwre.

N
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NATIONAL AERONAUTICS & SPACE ADMINISTRATION

FY 1995 MULTI-YEAR BUDGET ESTIMATES
(IN MILLIONS OF REAL YEAR DOLLARS)

FY 1995 PRESIDENT"S BUDGET

HUMAN SPACE FLIGHT

SPACE STATION

RUSSIAN COOPERATION

SPACE SHUTTLE

PAYLOAD AND UTILIZATION OPERATIONS

SCIENCE, AERONAUTICS AND TECHNOLOGY

SPACE SCIENCE

LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS

MISSION TO PLANET EARTH
AERONAUTICAL RESEARCH AND TECHNOLOGY
ADVANCED CONCEPTS AND TECHNOLOGY
LAUNCH SERVICES

MISSION COMMUNICATION SERVICES
ACADEMIC PROGRAMS

MISSION SUPPORT

SAFETY, RELIABILITY AND QUALITY ASSURANCE
SPACE COMMUNICATION SERVICES

RESEARCH AND PROGRAM MANAGEMENT
CONSTRUCTION OF FACILITIES

INSPECTOR GENERAL

TOTAL

1993
PAST
YEAR

6.672.0

2.162.0
79.5
3.988.2
442 .3

4,908.7

1,510.4
407.5
936.3
769.4
464 .9
180.8
546.5

92.9

2,727.2
32.7
333.7
2,171.4
189.4

146

14.322.5

1994
CURRENT
YEAR

6.069.7

1,937.0
170.8

3,549.3
412.6

5.847.3

1.721.9
515.3
1,024.5
1,102.2
495.3
313.5
589.1
85.5

2.619.0
34.3
214.4
2.148.2
222.1

154

14,551.4

1995
BUDGET
YEAR

5,719.9

1,889.6
150.1
3.324.0
356.2

2.901.2

1,766.0
470.9
1,238.1
898.5
608.4
340.9
481.2
97.2

2.662.9

38.7
268.9
2,220.3
135.0

16.0

1996 1997
EST EST
5,594.6 5,533.6

1,833.6 1,782.0
129.2 111.8
3.295.7 3,316.5
336.1 323.3

8 5,996.7

1.694.4 1,512.0
527.4 545.6
1,271.1 1,308.2
939.3 1.018.8
631.3 692.3
317.1 301.9
486.6 499.9
111.7 118.0

2.810.0 2,952.7

38.8 39.0
350.3 449.9
2,250.0 2,278.7
170.9 185.1

16.5 170

14,300.0 14,400.0 14,500.0
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

BUDGET SUMMARY
(DOLLARS IN MILLIONS)

FY 1994
PY 1993  AMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
RESEARCH AND DEVELOPMENT 7.094.3 7,690.4 -161.1 7.529.3
SPACE STATION 2,122.5 1,946.0 1,946.0
SPACE TRANSPORTATION CAPABILITY DEVELOPMENT 649.2 705.0 -42.4 662.6
SPACE SCIENCE 1,577.5 1,700.0 71.9 1.771.9
LIFE AND MICROGRAVITY SCIENCE 139.5 470.0 6.3 476.3
MISSION TO PLANET EARTH 1,154.0 1,112.9 -44.5 1,068.4
ADVANCED CONCEPTS AND TECHNOLOGY 437.1 521.4 -88.7 432.7
AERONAUTICAL RESEARCH AND TECHNOLOGY 865.6 1,020.7 -13.7 1,007.0
TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY 0.0 80.0 -60.0 20.0
SAFETY, RELIABILITY AND QUALITY ASSURANCE 32.7 35.3 -1.0 34.3
ACADEMIC PROGRAMS 92.9 74.5 11.0 a5.5
TRACKING AND DATA ADVANCED SYSTEMS 23.3 24.6 24.6
SPACE _FLIGHT. CONTROL AND DATA COMMUNICATIONS 5.058.8 5.333.8 -480.3 4.853.5
SHUTTLE PRODUCTION 1,053.0 1,189.6 -154.5 1,035.1
SHUTTLE OPERATIONS 2,999.9 3,006.5 -262.9 2,.743.6
LAUNCH SERVICES 180.8 316.9 -3.4 313.5
SPACE COMMUNICATIONS 825.1 820.8 -59.5 761.3
CONSTRUCTION OF FACILITIES 520.0 550.3 =326 517.7
RESEARCH AND PROGRAM_MANAGEMENT 1,634.8 1,675.0 -39.5 1.635.5
INSPECTOR GENERAL 14 6 15.5 =01 15.4
TOTAL 14,322.5 15,265.0 -713.6 14,551.4
e — F——————————
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
CHANGES FROM FY 1994 BUDGET ESTIMATE TO FY 1994 CURRENT ESTIMATE

INITIAL OPERATING PLAN
(Dollars in Millions)

RESEARCH AND DEVEL OPMENT

FY 1994
FY 1993 AMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
Space StationN......covvrevnrennrrnnrrnnnnnns 2122.5 19480 = 1046.0
Development ...ouveiinrinnrranrrennrnnnsnns 1909.0 -28.0 1881.0
Science and UETIIZatioN .o v it v e e nenrnns 32.0 28.0 60.0
Assured crew rescue vehicle .....vvvvivennn 5.0 -- 5.0

CHANGE FROM FY 1994 BUDGET ESTIMATE

Funding for the Space Station remains at the requested level of $1.946.0 million. Within this funding
level. $28 million has been reallocated from Development to Science and Utilization. Of this amount.

$21 million has been allocated for payload user support and major payloads development has been increased by
$7 million, reflecting the most current estimate of funding for major payloads and utilization support.

This allocation of science and utilization funding is a change from the information submitted with the

FY 1994 initial Operating Plan. This allocation increases the funding for payload development by $5 million
to ensure timely provision of Space Station payloads and decreases the funding for utilization support
consistent with current estimates for those requirements.
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EFY 1994

FY 1993 AVENDED BUDGET CURRENT

ACTUAL ESTIMATE CHANGE ESTIMATE

, Space transportation capability development. 649_2 705.0 42.4 662_6

Spacelab .....viiii i i e s 114.4 139.9 -7.1 132.8

Engineering and technical base ............ 214 .2 203.4 -23.0 180.4

Payload operations ........cvovvvvvnnnnnnnnns 131.5 125.4 -25.0 100.4

Advanced programs .....eeverrsrrrrrrrsnnnns 32.9 60.7 -23.4 37.3

Advanced launch technology ................ -- 25.8 -5.8 20.0

Research operations support ............... 142.8 149.8 -15.5 134.3

Russian-US activities .........oevviernnnnn -- -- 50.0 50.0
Advanced propulsion technology ............ 10.0

Tethered satellite system.........coevvvnn 3.4 0 7.4 7.4

CHANGE FROM FY 1994 BUDGET ESTIMATE

The net reduction of $42.4 million reflects reductions directed by Congress in Advanced Programs

(-$35 million), Payload Operations and Support Equipment (-$25 million). Research Operations Support

(-$15.2 million), Advanced Launch Technologies (-$5.8 million) and Engineering and Technical Base

(-$5 million). In addition, funding for Engineering and Technical Base is further reduced by $18 million as
part of the overall Agency reduction of $50 million for support service contractors directed by Congress.
Offsetting these reductions. funding increases directed by Congress are reflected for the Single Stage
Centaur (+$10 million), the Solid Propulsion Integrity Program (S?IP) (+$1.6 million) and to expand joint
U.S./Russian space activities (+$50 million). [In addition $7.4 million has been reallocated from the
Spacelab budget to support the Tethered Satellite System reflight mission.

Funding for Spacelab is reduced a net of $7.1 million. This reflects the reduction of $8.1 million. of
which $7.4 million will be reallocated to the Tethered Satellite System (TSS) reflight mission. The $8.1
million reduction is achieved by reducing planned replacement of obsolete hardware and deleting the planned
modifications for long duration Spacelab flights. This reduction will be offset by the reallocation of $1.0
million to support the pallet for the TSS reflight mission planned for early 1996.

Funding for Engineering and Technical Base is reduced by a total of $23.0 million. This reflects a general
reduction of $5 million consistent with Congressional direction and an additional reduction of $18 million
as part of the agency reduction allocated to Space Transportation Capability Development for support service
contractors. These reductions will be achieved through reduced support to Class VI computer operations,
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reduced Funding for planned ADP equipment purchases and operations. and reduced levels of science and
engineering lab support.

Funding for Payload Operations is reduced $25.0 million, reflecting the $25 million reduction directed by
Congress. [In addition, $12 million has been reallocated within Payload Operations to initiate development
of a fiber optics cabling system to replace the cable harnesses in the payload bay of the orbiter. This
will increase the lift capability of the Shuttle thereby enhancing its ability to support Space Station
assembly, especially for high inclinations. These reductions will be achieved by reducing allowances for
manifest variation and rephasing optional services for NASA payloads.

Funding for Advanced Programs is reduced $23.4 million. This reflects a general reduction of $35 million
offset by an increase of $1.6 million for the Solid Propulsion Integrity Program (SPIP), and an increase of
$10 million for the potential development of a single engine version of the Centaur upper stage. These
changes are consistent with Congressional direction. The increase in SPIP funding will result in additional
bondline and nozzle resolution activities. including improved material characterization testing and
verification capability development. The general reduction will be achieved by significantly reducing
planned activities in all areas of advanced studies. and represents a reduction of nearly 50 percent from
current levels. Advanced Transportation tasks in vehicle health management will be deleted while work in
aluminum-lithium alloys and electro-mechanical actuation (EtAs) will be severely scaled back. Work in
Advanced Operations which represented investments in Shuttle flight and ground processing to reduce costs by
introducing new technologies will be significantly reduced. New flight demonstrations which allow new
technologies and techniques to be proven out in a space environment will be postponed. Within Advanced
Programs, $1.5 million has been identified to complete a study by a consortium of private sector propulsion
companies to identify the technologies required for United States leadership in commercial launch vehicles.
Consistent with Congressional direction, $10 million has been identified for the potential development of a
single engine version of the Centaur upper stage. These funds will not obligated until the multiyear
funding plan and schedule of annual performance milestones have been provided the Committees, consistent
with the direction in the Senate report.

Funding for Research Operations Support (ROS) is reduced a total of $15.5 million primarily reflecting

Congressional direction. This reduction will be accommodated by reducing support for facility operations
support, ADP and telecommunications support and other Center administrative support.
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FY 1994
FY 1993 AMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
» SPACE SCIENCE. .. .vvviiiiiiiannnnnnnnsannnnss 1577.5 17000 71.9 1771.9
US/Russian cooperative activities......... - - 50.0 50.0
Physics and astronomy ....................... w 1074.7 -7.1 1067.6
Advanced x-ray astrophysics facility...... 168.3 260.3 19.0 241.3
Global geospace science ..........vvuuunnn 72.6 13.3 -- 13.3
Relativity mission development ........... 1.9 40.0 2.4 42 .4
Shuttle/spacelab payload .................. 94.1 -- -- --
Payload and instrument development ........ 99.3 53.4 6.1 59.5
Explorer development ........c.ccvvviinnnnnns 115.8 123.3 -- 123.3
Mission operations and data analysis...... 415.4 416.2 4.5 420.7
Research and analysis .........ccevviinnnsn 71.6 72.2 -1.1 71.1
Suborbital program ........cceciiiiiiinnnnnn 64.8 69.5 -- 69.5
Information systems ..........ccvvvvvennnnns 26.5 -- 26.5

CHANGE FROM FY 1994 BUDGET ESTIMATE

The net reduction of $7.1 million reflects Congressional direction. Funding for the Advanced X-ray
Astrophysics Facility (AXAF) is reduced $19 million: funding for support service contractors is reduced
$5.3 million as part of the overall agency reduction of $50 million for support service contractors directed
by Congress. These reductions are partially offset by funding additions of $15.8 million for Mission
Operations and Data Analysis (M0&DA) and $1.0 million for a study of the feasibility of establishing a
national institute of space science within NASA. $0.4 million is transferred to Space Science Information
Systems from Mission To Planet Earth (MTPE) Information Systems. In the FY 1994 appropriation, Congress
directed NASA to cease work on the AXAF-S spacecraft and to investigate the potential for flight of the
X-Ray Spectrometer (XR3) instrument on Astro-E. a future Japanese mission. Consistent with the direction.
the program has taken the necessary actions to terminate the AXAF-S mission. As part of a joint U.S.-
Japanese cooperative effort. FY 1994 funds are being used to examine the technical, schedule and fiscal
requirements for flying XRS aboard the Astro-E mission.

Although current funding for the Global Geospace Science (GG3) program is adequate to support the scheduled
launches of Wind in the Spring of 1994 and Polar in the Summer of 1994. the prime contractor®s schedule
performance warrants concern as to whether these launch dates will be met. The program is under review to
assess the situation and, it is likely that additional FY 1994 funds will be required.
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A new program element entitled Relativity Mission Development has been established, and includes funds for
the Gravity Probe-B (GP-B) and the Shuttle Test of Relativity Experiment program. The STORE program has
focused on technology development and studies for a future GP-B mission. FY 1994 GP-B development funds are
budgeted at $40 million. The $2.4 million which was included for STORE activities in Payload and Instrument
Development are transferred to this new program element. resulting in a consolidated budget of

$42.4 million.

Payload and Instrument Development is increased a net of $6.1 million. This reflects additional funding for
the Collaborative Solar Terrestrial Research (COSTR) program ($6.1 million) and the Tether Satellite System
(T83) reflight mission ($2.4 million) offset by the transfer of funds for the STORE mission addressed above.
Funding for the COSTR and 7SS is reallocated from the $22.5 million added by the congress to the Space
Science program for Mission Operations and Data Analysis activities. A portion of the $22.5 million
augmentation had been intended by Congress for Hubble Space Telescope (HST) Operations and Servicing.
Funding for HST Operations and Servicing has been augmented by $15 million of prior year funds resulting
from the recent settlement between the U.s. Department of Justice and the Hughes-Danbury Optical Systems
Corporation relating to the claim of defective workmanship in production of the main mirror of the HST. The
additional requirement of $6.1 million for the COSTR program is due to problems experienced during
qualification of the Multi-Anode Microchannel Array (MAMA) detectors. $2.4 million is also included in
Payload and Instrument Development to support reflight of the TSS in 1996. Funding for this activity was
not included in the 7Y 1994 budget request. Additional funds are required in FY 1994 for refurbishment.
planning and scientific support for this unique engineering and scientific demonstration. Funding for the
TSS Reflight mission is also included in the Space Transportation Capability Development budget.

Funding for ¥0&DA is increased $4.5 million. This increase reflects an allocation of $7.3 million of the
total increase of $22.5 million in Space Science M0&DA directed by Congress. These funds will be used to
support ongoing activities in the Space Physics M0&DA program. This increase is partially offset by a
decrease to the HST Operations and Servicing of $2.8 million as part of the reduction of $50 million
directed by Congress for support service contractors.

Funding for Research and Analysis is decreased a net of $1.1 million. Space Physics Supporting Research and
Technology (SR&T) is reduced $2.1 million as part of the reduction in funding for support service
contractors directed by Congress. This reduction has been offset by the addition of a $1 million study
directed by Congress on the merits of establishing a national institute of space science within NASA.

Funding for Information Systems is unchanged: however, reallocations within the program have been made.
When the Office of Space Science and Applications was recently reorganized. the Information Systems program
was split between the Office of Space Sciences (0SS) and the Office of Mission to Planet Earth (OMTPE). The
Supercomputing and the NASA Center for Computational Science (NCCS) programs are now managed by OMTPE. while
the remainder of the program is to be managed by 0OSS. When the funds were reallocated between the two
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program offices, ROS funding associated with the program was not distributed accordingly. Therefore. a $0.4
million transfer from OMTPE to 0SS is required to properly reflect the new program structure. This increase
is offset by an reduction of $0.4 million for support service contractors. as part of the overall Agency
reduction.

FY 1994

FY 1993 AMENDED BUDGET CURRENT

ACTUAL ESTIMATE CHANGE ESTIMATE

Planetary exploration ----------------------- 473.7 625.3 29.0 654.3
CaSSINT vuvennrrnnnrennrsnnnsnnnssnnnsnnnns 205.0 266.6 -- 266.6
MAFS '94 .iiiiiiiiiarnarnarnesnannnnanannns 3.5 3.5 -- 3.5
DISCOVENY | ittt i eieennn, .- 68.1 59.3 127.4
Mission operations and data analysis ...... 163.5 160.7 19.0 141.7
Research and analysis ..........covvvinnnnnn 101.7 126.4 11.3 115.1

CHANGE FROM FY 1994 BUDGET ESTIMATE

This increase reflects Congressional direction to initiate development of the Near Earth Asteroid Rendezvous
(NEAR) mission (+$64.3 million), reduce funding for Mars Observer M0&DA (-$24 million) and terminate the
High Resolution Microwave Survey (HRMS) program (-$11.3 million). Other changes consistent with
Congressional action include a reduction to support service contractors funded within M0&Da (-$1.7 million)
and allocation of a portion of the Congressional MO&DA augmentation to extend Magellan operations (+$6.7
million). In addition, the Mars Environmental Survey (MESUR) Pathfinder Microrover development ($5million)
has been transferred to the Office of Advanced Concepts and Technology (OACT).

Funding for the Discovery program is increased a net of $59.3 million, representing the net effects of
adding the $64.3 million directed in the Conference report for NEAR and transferring $5 million to OACT for
development of the MESUR/Pathfinder microrover. Launch of NEAR is targeted for February 1996 aboard a Delta
launch vehicle.

Planetary M0&DA 1s reduced a net of $19 million. This reflects Congressional reductions in Mars Observer
(-$24 million) and funding for support contractors (-$1.7 million). offset by increased funding of $6.7
million for Magellan extended mission operations. The reduction in funding for support contractors will
require termination of Voyager Neptune data analysis by mid-FY 1994 (-$1.4 million) and deferral of planned
activities in Planetary Flight Support (-$0.3 million). The additional funding in Magellan operations will
extend mission operations through the second half of FY 1994. The spacecraft successfully completed an
aerobraking experiment in FY 1993 which circularized the orbit, and continues to acquire global high
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resolution gravity data. Consistent with Congressional direction, $10.3 million of Mars Observer M0&DA
funds have been retained for a Mars Orbiter mission in 1996. designed to acquire much of the data which was
to have been obtained by the Mars Observer. NASA will forward a plan for the use of these funds and the

unearned orbital performance fee as soon as possible.

Funding for Research and Analysis is reduced $11.3 million consistent with Congressional direction to cancel
the High Resolution Microwave Survey (HRMS) program. The $1 million provided in FY 1994 is sufficient to
cover the minimum legal requirements for program termination. However. additional funding is required to
ensure that the existing hardware is adequately documented and prepared for storage in proper working
condition. This will preserve the hardware for potential use by other users. and facilitate the use of this
technology for other applications. To this end, up to $1 million of FY 1993 Planetary Research and Analysis
(R&4A) Tunds will be used. Within the REA budget, $2 million has been allocated to support the release of
Phase A study contracts for spacecraft design options in support of a potential Mars Observer recovery

mission.
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FY 1994

FY 1993 AVMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
, Life and microgravity sciences and

appl ications .............................. 120 0 4Z0.0 M 476.3
LiTe SCIENCES vuvvvviiinninnrsnrnnnnnnnnnss 139.5 188.9 0.7 188.2
Research and analysis ........ccvivennnnns 52.9 49.2 5.9 55.1
Flight experiments .........ccvvvvvevnnnns 86.6 139.7 -6.6 133.1
Microgravity research .........cvvivvvnnnss (173.9) 163.4 132 176.6
Research and analysis ...........ccvuuunn (17.9) 18.4 -- 18.4
Flight experiments .......ccvovvvvvnnnnnns (156.0) 145.0 13.2 158.2

Shuttle/spacelab payload mission management
and Integratlion......cceviiinnnnnnnnnnnns (94.1) 117.7 -6.2 111.5

CHANGE FROM FY 1994 BUDGET ESTIMATE

The net increase of $6.3 million reflects Congressional direction, and is the result of the addition of

$15 million for NASA/National Institute of Health (NIH) collaboration. offset by reductions in funding for
Flight Experiments ($5.2 million), Mission Management ($-5.0 million), and support contractors (-$5.0 million).
In addition, funding for the Life Support Program ($6.5 million) has been transferred from the Office of
Advanced Concepts and Technology to the Office of Life and Microgravity Sciences. The objective of the Life
Support Program is to create a stronger technology base in advanced life support systems. extravehicular
activity, and human factors engineering. The approach will be to develop coordinated, cooperative solutions
between NASA, universities and industry. By making the activities of this program more relevant to NASA®"s near-
term missions, success with this element will reduce the U.S.'s long-term reliance on non-U.S. technologies.

The augmentation of $15 million for the NASA/NIH collaboration will be directed at the discipline of
Biotechnology. It will be focused on supporting the research activities selected in response to the
NASA/NIH Biotechnology NASA Research Announcement (NRA) ($12 million) as well as activities in support of the
NASA/NIH Biotechnology Technology Transfer ($3 million). The NRA will be done in collaboration with the
National Institute for Allergies and Infectious Diseases and the National Cancer Institute, and will fund 30
additional Principal Investigators in the area of biotechnology. The NASA/NIH Biotechnology Transfer will
be a joint Cooperative Agreement to exploit the Bioreactor cell culture apparatus for colon. breast, ovarian
and liver cells and explore the utilization of cell culture-specific bioreactors in research hospitals
within the United States.

CHG-9



The $5.2 million reduction in Life Sciences Flight Experiments will be achieved through reducing Spacelab
program activities and associated base support as well as deferring specific mission activities. The
reduction of $5 million in Spacelab Mission Management will be accommodated by deferring the planned buildup
in systems engineering manpower in support of FY 1994-1995 planned missions, in an effort to more
efficiently conduct these activities. The reduction of $5 million in funding for support contractor
manpower will be achieved by accelerating cost saving measures planned for initiation in FY 1995.

FY 1994

FY 1993 AMENDED BUDGET CURRENT

ACTUAL ESTIMATE CHANGE ESTIMATE

Mission to planet Earth, . . ................. 1,154.0 1,112.9 L4 5 1,068.4

Earth observing system ......c.vecevrnnnness 263.8 322.7 -3.9 318.8

Earth observing system data information

SYSEeM. ittt iiiiinn s anninna s 130.7 182.7 5.5 188.2

Earth probes ......ccoviiiiiiiiiiiiiininnnns 99.4 97.3 -0.9 96.4

Payload and instrument development ........ 35.4 22.9 -- 22.9

ACTS development ......cvviiiinrrrrennnnns 4.0 3.0 -- 3.0

Applied research and development .......... 339.5 417.3 -42.1 375.2

Research operations support ............... 70.1 67.0 -3.1 63.9
Materials processSing ....eeevrrrrrrrrrrrnss 173.9
Information SyStems ....cevvvrivnnnnnnnnnss 36.2
Search and resCue .......vvvvivnnnnnnnnnnss 1.0

CHANGE FROM FY 1994 BUDGET ESTIMATE

The reduction of $44.5 million reflects a reduction of $36.1 million as the result of specific Congressional
direction, an additional reduction of $8 million as part of the total Agency reduction of $50 million for
Support Contractor manpower and the aforementioned transfer of $0.4 million to Physics and
Astronomy/Information Systems.

Funding for the Earth Observing System is reduced $3.9 million, $1.9 million for the support contractor
reduction and $2 million for the reduction directed by Congress. accommodated by reducing program
flexibility. Funding for the Earth Observing System (E03S) Data Information System (EOSDIS) is increased
$5.5 million, the net effect of reducing support contractors by $1.5 million and the increase of $7 million.
consistent with Congressional direction, to augment program reserves for the development of the EOSDIS Core
System. Funding for Earth Probes is reduced $0.9 million for the support contractor reduction. Funding for
Applied Research, Data Analysis (AR&DA) and Related is reduced $42.1 million, $3.7 million for the support
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contractor reduction. an additional $38.0 million consistent with Congressional direction as specified
below. and transfer of $O.4million to Physics and Astronomy/Information Systems. The amount requested for
the Consortium for International Earth Science Information Network (CIESIN) has been reduced $13 million,
the impact of which will be mitigated by the availability of unobligated FY 1993 funds. Funding for the
Landsat program has been reduced $5 million. This reduction effects the ability of the program to respond
to technical or schedule difficulties that may arise in the planned development activities associated with
NASA"s responsibility to develop the Landsat ground system. The $20 million in the budget request for the
Science Data Purchase program was deleted by Congress.

NASA will continue the Optical Transient Detector (0TD) activity initiated in FY 1993 under Ar&DA and for
which FY 1994 funds were requested under the Science Data Purchase program. The OTD will provide early
acquisition of science data to support research in determining global distribution of lightning and its
effects on climate change. The OTD will also be a pathfinder for commercial remote sensing applications of
lightning data. NASA has reallocated $3.25 million from within Mission to Planet Earth, ar&DA for this
activity.

Funding for Research Operations Support is reduced $3.1 million, which will be accommodated through reduced
institutional support available at Headquarters and the Goddard Space Flight Center.
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FY 1994

FY 1993 AMENDED BUDGET CURRENT

ACTUAL ESTIMATE CHANGE ESTIMATE

Advanced concepts and technology............ 437.1 521_4 33 7 4232.7
Space transportation .....ceeervnnnnssssnns 87.8 84.6 -12.8 71.8
Spacecraft and remote sensing ........cuuu. 140.8 166.0 -10.0 156.0
Advanced smallsat cuivvviirrrnssnsnnnnnnnnns -- 30.0 -17.5 12.5
Space commUNICATIONS vvuvaesrrnnnnnsssnnns 32.1 30.3 0.7 31.0
Space ProCesSSING «vvvvrerrrsrssnnnnnnnnnnns 31.9 29.7 -13.2 16.5
FIIght programs .....vvvvsvsssssssssnnnnnns 115.0 132.7 -35.3 97.4
Technology transfer .......coeivvinninnnnss 29.5 28.1 -0.3 27.8
Industry technology program ...........uu.. -- 20.0 -0.3 19.7

CHANGE FROM FY 1994 BUDGET ESTIMATE

Beginning in FY 1994. the Space Research and Technology program and Commercial Programs have been combined
to form the Office of Advanced Concepts and technology.-

The total reduction to Advanced Concepts and Technology of $88.7 million reflects Congressional direction as
well as funding reallocations between program offices. Reductions taken consistent with Congressional
direction include: general reductions of $28.7 million for Space Research and Technology and $8.4 million
for Commercial Programs: the Commercial Middeck Augmentation Module (CMAM) (-$21.5 million): the Commercial
Experiment Transporter (COMET) (-$10.1 million): and Swmallsat (-$17.5 million). The CMAM contractor
Spacehab. and NASA have rescheduled the Spacehab launch schedule and resolved the funding shortfall
resulting from the Conference action. The reduction in FY 1994 has been offset by a commensurate increase
in the FY 1995 request for CMAM. A reduction of $5 million is included as part of the general Agency
reduction of $50 million directed in the Conference Report for Support Service manpower. and is allocated
throughout the program. In addition, $6.5 million is transferred to the Office of Life and Microgravity for
the Life Support Program. Consistent with Congressional direction, funding is increased for the Advanced
Communications Technology Satellite (+$2.5 million). The funding“also reflects the transfer from Space
Science for the development of the microrover for the MESUR/Pathfinder mission (+35 million) and provision
for artificial intelligence and software reuse activities in conjunction with the Department of Defense
(+$1.5 million).

The general reduction directed to Space Research and Technology will be accommodated by reducing activities

in Space Transportation (-$11.4 million). Spacecraft and Remote Sensing (-$13.6 million). Space
Communications (-$1.4 million) and Flight Systems (-$2.3 million). In Space Transportation, all NASA work
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in chemical upper stages will be terminated, including an effort to develop a tsstbed which was to be used
by industry and NASA as part of a long-term effort to develop component and system level technology for cost
effective. reliable and operable upper stage propulsion systems. The reduction in Spacecraft and Remote
Sensing will be accommodated by deleting ongoing efforts planned to support future commercial and NASA
missions in Space Science and Earth applications. Some activities planned in the Science Sensors and
Instrument Systems Program will be deleted or delayed. These technology development efforts are closely
planned with technology teams made up from the NASA offices representing these science disciplines.
Extensive replanning will be conducted with these representatives to ensure the technology program pursued
is supportive of the customers® needs. The general reduction directed to Commercial Programs will be
allocated against the Centers for the Commercial Development of Space (CCDS) and the supporting programs.

FY 1994

FY 1993 AMENDED BUDGET CURRENT

ACTUAL ESTIMATE CHANGE ESTIMATE

Aeronautical research and technology:«-««««-- 865.6 1.020.7 =37 1,007.0

Research operations support ............... 148.8 143.5 6.7 136.8

Research and technology base .............. 436.5 448.3 4.0 444 .3

Systems technology programs ............... 280.3 428.9 =30 425.9

High performance computing..........evu.n 30.4 65.6 -- 65.6

Materials and structures... ... ........... 36.6 25.7 -- 25.7
Rotorcraft.....covviiviiiniinrannnnnnnnns 7.0
High-performance aircraft................ 12.1
Advanced propulsion........ccvveeeeinnnns 16.9

Numerical aerodynamic simulation......... 47.9 49.1 -1.0 48.1

High-speed research..........vvviienenans 117.0 187.2 10.0 197.2

Advanced subsonic technology............. 12.4 101.3 -12.0 89.3

CHANGE FROM FY 1994 BUDGET ESTIMATE

The reduction of $13.7 million reflects a net reduction of $7.7 million consistent with specific
Congressional direction, and the additional reduction of $6.0 million as part of the total agency reduction
of $50 million for Support Contractor manpower. These reductions will be accommodated through reductions to
the Research and Technical (R&T) Base (-$5 million) and the Numerical Aerodynamic Simulation program (-$1.0
million). and will be achieved by eliminating support service manpower for the lowest priority tasks at
Headquarters and the Research Centers. The reduction to the R&T Base includes a $1 million set-aside for an
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assessment of whether a National Institute for Aeronautics should be established within NASA, consistent
with Congressional direction.

Within the R&T base. we have identified $5 million to foster the technological changes necessary for
increasing the global competitiveness of the U.S. rotorcraft industry through the coming decade. This
effort. referred to as the Rotorcraft Industry TEchnology (RITE) program. will involve the triad of
government. industry. and academia in an unique and innovative partnership. The program will rely heavily
on the proactive participation of the industry in the research programs implemented through two institutes.
The two institutes will be headed by NASA employees and located at academic sites in the southwestern and
northeastern U.S. The program®s uniqueness will be reflected by the degree of industry control in
identifying and selecting the tasks to be undertaken in the program. the matching of government funds by
industry participants. and the disposition of the intellectual property.

Funding for High Speed Research has been increased $10 million as directed by Congress. This funding will
be utilized to both accelerate and expand high priority needs in the individual technology areas and related
integration efforts. Ildentification, ranking and selection of these needs is now underway. and involves
strong participation by our industry partners to achieve a consensus on the most productive and efficient
application of this funding.

Funding for Advanced Subsonic Technology (4ST) has been reduced $12.0 million consistent with Congressional
direction. In addition to amounts already planned. additional AST funds have been allocated to take
advantage of the current aircraft sales market in replacing the current Transport Systems Research Vehicle
(TSRV). This aircraft is currently the oldest flying B-737 aircraft and can no longer support research in
advanced flight deck and flight controls. The plan is to replace the current TSRV with advanced flight deck
and flight controls. The plan is to replace the current TSRV with a B-757, at a cost of $24 million over
three years, FY 1994-1996. This upgrade is critical to the Terminal Aero Productivity element of the AST
program and will be used to flight test and evaluate. in conjunction with FAA and U.S. industry. technology
and procedures to achieve increased capacity in the terminal area during poor weather conditions. In
addition, the TSRV is an important asset in support of the fly-by-light/powar-by-wire element of the AST.
The general reduction, as well as the reallocation of funds for the TSRV upgrade, will be accommodated by
reducing funding for three AST program activities - the Enhanced Vision System Technology. the Environmental
Research Aircraft and Remote Sensor Technology activity, and the Sixty (60) Atmosphere Combuster Test Rig.
This funding reduction will delay for one year the initiation of development activities planned for FY 1994.

Funding for Research Operations Support is reduced $6.7 million consistent with Congressional direction.

This reduction will be accommodated by eliminating low priority institutional activities at the Aeronautical
Research Centers.
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FY 1994

FY 1993 AMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
Transatmospheric research and technology.... 0.0 80.0 -60.0 20.0

CHANGE FROM FY 1994 BUDGET ESTIMATE

This reduction is consistent with Congressional direction. This funding will be applied directly to the
program to complete the National Aero-Space Plane (NASP) technology development phase. which features the
upcoming Concept Demonstration Engine (CDE) test series. NASA is working with the Department of Defense to
formulate a successor hypersonics research and development program.

FY 1994
FY 1993 AVENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
AcademicC ProgramS.....ceeessrsesnsrsnnnrsnns 92.9 74.5 11.0 85.5

CHANGE FROM EY 1994 BUDGET ESTIMATE

This increase of $11.0 million is consistent with Congressional direction. Of this amount. $3.0 million
will be used to augment the scope of the overall education technology program, and $8.0 million will
increase the level of funding for Minority University Research. The latter amount will be applied as
follows: Historically Black Colleges and Universities (HBCU) will be increased by $5 million to increase
funding at HBCUs currently receiving very little NASA funding. and to initiate pilot Mathematics. Science
and Technology Teacher and Curriculum Enhancement programs in a few HBCUs: Other Minority Universities will
be increased by $2.5 million to augment NASA®"s Hispanic Institution Initiative. This includes funding for
Institutional Research awards. Faculty research awards, and Math, Science and Technology Teacher awards. In
addition, consistent with Congressional direction, NASA will work with the National Science Foundation to
enhance the strategic planning and capabilities of a small number of HBCUs: $0.5 million is planned for this
effort.
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FY 1993
ACTUAL

Spfety, reliability & quolits wssyreonce .... 32.7

CHANGE FROM FY 1994 BUDGET ESTIMATE

( ¢
FY 1994
AMENDED BUDGET CURRENT
ESTIMATE CHANGE ESTIMATE
35 3 -10 34.3

The current FY 1994 estimate reflects a $1.0 oillion reQuction in sggort contrpctor Rwo®ing, as gort of the

overall reduction directed by Congress.

Trocking ond Yota oQvonced systems.......... 23 3

24.6
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SPACE FLIGHT CONTROL, AND DATA SOMMUNICATIONS

FY 1994

FY 1993 AVMENDED BUDGET CURRENT

ACTUAL ESTIMATE CHANGE ESTIMATE

Shuttle produCtion......ccevieiernennnnnnss 1.053.0 1,189.6 -154.5 1,035.1
Orbiter operations capability ............. 297.0 297.2 -69.8 227.4
Propulsion Systems ......ccceevnnnnnnnnnnns 293.4 297.9 30.1 328.0
Advanced solid rocket motor (ASRM) ........ 195.0 280.4 100.7 179.7
Launch and mission support ................ 178.1 173.9 -14.1 159.8
Safety and obsolescence .........vveveeunnnn 89.5 140.2 -- 140.2

CHANGE FROM FY 1994 BUDGET ESTIMATE

This net reduction of $154.5 million reflects Congressional reductions of $217.4 million, partially offset
by the addition of $62.9 million to accommodate new requirements.

In Orbiter. the structural spares program has been terminated consistent with Congressional direction. The
remaining amount of $5 million will be used for termination costs. An additional reduction of $39.8 million
has been incorporated based on a reassessment of anticipated orbiter modifications and change traffic. The
modifications to support the first flight to the Russian Mir to support a June 1995 docking remain
unchanged. Although the funding for the Long Duration Orbiter has not changed, the program is currently
evaluating the requirements for the capability based on the configuration for the Space Station.

In Propulsion, total funding is increased $30.1 million. $60 million has been reallocated to support
development of a Super Lightweight External Tank utilizing an aluminum-lTithium alloy.

Funding for the Advanced Solid Rocket Motor is reduced a net of $100.7 million. This reflects the reduction
of $180.4 million directed by Congress. offset by reallocation of $79.7 million in order to accommodate the
additional funding of $179.7 million required to cover termination costs. In response to discussions with
the Thiokol Corporation, the manufacturer of the redesigned Solid Rocket Motor (RSRM). about the use of
facilities at the Yellow Creek, MS site, we have initiated a study with Thiokol to investigate the
feasibility of performing RSRM and other solid rocket motor nozzle manufacturing and RSRM nozzle
refurbishment at Yellow Creek. Our preliminary assessment indicates a funding requirement of approximately
$13 million in FY 1994. consistent with Thiokol capitalizing facilities modifications and equipment
procurement. NASA considers the Thiokol proposal meritorious because it is consistent with the Agency"s
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desire to upgrade the RSRM manufacturing processes, it enables some return on the Government®s investment in
the Yellow Creek site. and it mitigates the economic impact on the region from the termination.

In addition, funding for other Propulsion activities has been reduced $43.1 million. due to reduced
requirements for materials procurement in the Solid Rocket Booster, less than anticipated Space Shuttle Main
Engine attrition needs and a reduction in support activities.

Funding for Launch and Mission Support has been reduced $14.1 million. reflecting the general reduction of
$5 million directed by Congress and an additional reduction of $9.1 million. This total reduction is
accommodated by rephased aircraft modifications and lower than planned costs for the Launch Processing

System upgrade at the Kennedy Space Center.

Funding for Safety and Obsolescence is unchanged. Consistent with Congressional direction. no ,funds are
included for initiating development of the alternate fuel pump: however we are concerned that its deferral
delays the availability of a critical safety enhancement to the Shuttle system and impacts the planned block
change for the main engines. The delay will also increase the total cost.

FY 1994
FY 1993 AVENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
Shuttle operationS.......coiviiiiiinnnnnnnns 2,999.9 3,006.5 -262.9 2,743.6
Flight operations .......ceeevvvnnncrnnnnns 7471 767.8 -93.7 674.1
Flight hardware .........cccoiiiiiiiinnnnnas 1.387.1 1,364.6 113.0 1,251.6
Launch and landing operations ............. 690.a 696.4 -56.2 640.2

Research operations support ............... 174.9 177.7 177.7

CHANGE FROM FY 1994 BUDGET ESTIMATE

This reduction of $262.9 million reflects a Congressional reduction of $200 million as well as an additional
$62.9 million to offset the additional funding requirements discussed above. Reductions have been made in
each of the budget elements. although an unresolved shortfall of $59.1 million still remains. The program
will continue to assess our requirements and cost performance during the year to insurs -adequate resources
are available, and keeping the Congress apprised of our progress.

The reduction in Flight Operations of $78.7 million is achieved through reductions in operations and
training and engineering support manpower. Flight Hardware funding is reduced $83.0 million due to the
restructuring of the External Tank contract, reduced levels of engineering support manpower and other
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efficiencies. Launch and Landing Operations is reduced $42.1 million based primarily on limiting overtime
at the launch site.

EFY 1994
FY 1993 AMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
LaunCh SerVICES..uivieriennrnnrnnrnnrnnnnrns 180.8 316.9 -3.4 313.5

CHANGE FROM FY 1994 BUDGET ESTIMATE

This net reduction of $3.4 million reflects the Congressional general reduction of $10.0 million offset by

the addition of $6.6 million for initial launch vehicle support for the NEAR mission, scheduled for launch

in February 1996. The general reduction will be accommodated by reductions in funding for the AXAF-1 upper
stage (-$7.5 million) and medium expendable launch vehicle sustaining support (-$2.5 million).

FY 1994
FY 1993 AVENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
Space commUNICATIONS. . uuvvrrrennnnnrrrennnns 825.1 820.8 -50_5 761_3
Space network .....cvviiiiiiiiiiiiiianaans 227.1 173.9 60.4 113.5
Ground NEEWOrK ..vvvvvveinnnnnnrrnssnnnnnns 306.6 316.3 -5.0 311.3
Communications and data systems ........... 291.4 330.6 5.9 336.5

CHANGE FROM FY 1994 BUDGET ESTIMATE

Congressional action reduced this account by $59.5 million, reflecting deletion of funding, without
prejudice, for the Tracking and Data Relay Satellite (TDRS) Replenishment (-$48 million). a general
reduction of $11 million. and a specific reduction of $0.5 million for Mars Observer tracking support. In
addition to those actions, internal allocation of $11.0 million has been made within the program to
consolidate funding for program support activities.

The general reduction of $11 million has been accommodated through reductions to the Space Network, Ground
Network. and Communications and Data Systems budget elements. The Conference Report included direction to
reduce funding for Space Communications activities at Headquarters and ground terminal operations by

$8.6 million. A plan is in place to eliminate nearly all support activities at-Headquarters. and funding
for these activities has been reduced $3.6 million. To avoid any adverse impact to the NASA Ground Terminal
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operations. however. the remaining $7.4 million of this general reduction has been accommodated in
reductions described further.

In Space Network, there is a net funding reduction of $60.4 million. Funding for the TDRS Replenishment
program is reduced $45.4 million. The requested funding for this activity of $48 million was not included
in the Conference Report, although the Report indicated a reprogramming request would be entertained. By
the end of the decade. many of the initial TDRS satellites will have exceeded their expected lifetimes.
Replenishment spacecraft are needed in orbit to sustain space network operations for existing spacecraft.

In order to ensure that new spacecraft are available beginning in 1999. release of a Request for Proposal
(rep) for the Replenishment TDRS spacecraft is scheduled for early 1994. $2.6 million has been included to
support the procurement activities. Funding for the Second TDRS Ground Terminal (STGT)/White Sands Upgrade
(WSUG) program is reduced $8.7 million as part of the total reduction for Space Communications based on
rephased program requirements, consistent with the July 1993 Project Status Report. These changes reflect a
redistribution of program reserves based on a recent assessment of the program. Total expected costs for
the STGT/WSUG program remain unchanged at $575 million. Funding for other Space Network program elements is
reduced $6.3 million. This reduction reflects the transfer of funding for program integration activities
into Communications and Data Systems (-$9.8 million) offset by an increase of $3.5 million for software
enhancements to the Network Control Center for operation of more than three TDRS satellites.

In Ground Network, funding is reduced $5.0 million. This reflects the reduction of $0.5 million for Mars
Observer support, the transfer of $1.2 million for program integration activities into Communications and
Data Systems and an additional reduction of $3.3 million as part of the general reduction directed by
Congress. In addition, funding has been reallocated to meet several program requirements which have
emerged. $7.6 million has been reallocated to fund the modifications of two 34-meter antennas transferred to
NASA by the U.S. Army. These antennas will augment the current 34-meter capability at Goldstone to
accomplish the Galileo encounter at Jupiter. $5.8 million has been reallocated to support tracking
requirements for inclusion of the NASA Scatterometer instrument on the Japanese ADEOS mission. To meet
these new requirements, as well as accommodate the $3.3 million general reduction. all program flexibility
will be eliminated and contractor support of the Deep Space Network, the Spaceflight Tracking and Data
Network program and the ground network will be reduced.

In Communications and Data Systems, funding is increased a net of $5.9 million. This reflects changes due
to the consolidation of program integration activities as well as a general reduction, accommodated by
reductions primarily to communications. data capture and data processing functions. In addition,

$4.3 million has been reallocated to begin consolidation of the Spacelab data processing activities at the
Marshall Space Flight Center. To accommodate this reallocation, planned equipment purchases for the NASCOM
and PSCN will be deferred and operations support reduced.
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EY 1994

FY 1993 AMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
, CONSTRUCTION OF FACILITIES. ... . vvvivvvvrnnss 520.0 550.3 -32.6 517.7

CHANGE FROM FY 1994 BUDGET ESTIMATE

This reduction is consistent with Congressional direction and reflects the termination of the ASRM program.
Consistent with Congressional direction. no funding is included for the Neutral Buoyancy Laboratory at the
Johnson Space Center. However, a review of the technical and schedule readiness of this facility will be
undertaken by an independent panel composed of outside experts to establish the technical requirements and
readiness of this project. A similar evaluation for the Earth Systems Science Building being planned for
the Goddard Space Flight Center is planned.

FY 1994
FY 1993 AMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
RESEARCH AND PROGRAM MANAGEMENT .. ........... 1,635.0 1,675.0 -39.5 1,635.5
Personnel and related cost. ... ....cvvuvnns 1,587.8 1,623.5 34.0 1,589.5
Travel voiii ittt s et et et nanraranas 47.2 51.5 -5.5 46.0

CHANGE FROM FY 1994 BUDGET ESTIMATE

The reduction of $39.5 million reflects Congressional direction. which assumed NASA would achieve sufficient
retirements to achieve an end-of-year full time equivalent (FTE) level of 22,900. These reductions appeared
attainable prior to the imposition of the requirement to implement the locality pay increase ($45.6 million)
and the failure of the Congress to enact legislation to incentivize employees to retire. We have placed
into effect severe internal expenditure constraints and hiring limitations. consistent with striving to
minimize the impacts of implementing the statutory pay increase and achieving the total FTE employment
ceiling of 22.900. Legislation is proposed in the President®s budget request to rescind $95.0 million in
other accounts and make supplemental appropriations of $60.0 million to this account to meet the additional
funding requirements from implementing locality pay and offsetting higher salary and benefits costs due to
the greatly reduced rate of attrition.

CHG-21



FY 1994
FY 1993 AMENDED BUDGET CURRENT
ACTUAL ESTIMATE CHANGE ESTIMATE
, INSPECTOR GENERAL...... it tieenesnncncnncns 151 15 § -01 15 4
CHANGE FROM FY 1994 BUDGET ESTIMATE
activities

This reduction reflects Congressional direction and will Qe accommodateQd Ty reQucing grogram
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Special Issues /




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1995 ESTIMATES
ANALYSIS OF NASA/RUSSIAN COOPERATIVE MIR PROGRAM

FY 1993 FY 1994 EY 1995
(Thousands of dollars)
HUMAN SPACE FLIGHT

Russian cooperation. .......ueeeeecesnnnssennns 79,500 170,800 150.100
(Russian sUPPOrt) ccvvvvrrennnrrnnnnnrnnnnannss -- (100,000) (100,000)
(Shuttle/spacelab SUPPOIE) . viviecerirvnnnnnnns (79.500) (70.800) (50,100)

Space station (Flight technology demonstrations)® T -- 40,000

SCIENCE, AERONAUTICS AND TECHNOLOGY

Russian cooperation. ....civesessssesnssnnnnnns 15.400 54,100 61.800
(Life SCIENCES) civrinnrrnnnrnnrnnnnsnnnsnnns (7.600) (33.800) (18,700)
(MICrogravity) . oo isiriannnssnnannnsnnnnnnnss (4,400) (5.800) (18,400)
(Spacelab mission management) ... vvvvnnnnnnnns (3,400) (14,500) (24.700)

L0 7> 94.900 224,900 251.900

Note: Does not include several cooperative developments still under definition (e.g., solar-thermal dynamic
power, common spacesuit, environmentally-controlled life support system)

Russian cooperation program elements are also included under the special analysis of the Agency"s
Space Station-related support.

The cooperative U.S./Russian Mir program consists of a minimum of six (with a maximum of ten) flights of the Space
Shuttle to the Mir Space Station with the objective of conducting a joint experiment program for microgravity,
life sciences and technology demonstration as well as extending the life of the Mir station through 1997. At
least four flights will carry a pressurized Spacelab module carrying experiments and providing logistics support.
Initial flight is planned for mid-1995. During this period, Russia will enhance the Mir capabilities by adding
two experiment/logistics modules to the core Mir station (Spektr and Priroda) which will also include U.S.
hardware. Russian support funding provides for hardware and services provided by Russia on a firm-Fixed-price
contractual basis which will benefit the joint Mir activities (Phase 1) as well as future Space Station-related
design, technologies and other services (Phase 2/31.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1995 ESTIMATES

ANALYSIS OF AGENCY SUPPORT FOR SPACE STATION

FY 1993 FY 1994 FY 1995
(Thousands of dollars)
HUMAN SPACE FLIGHT
Space Station ..cvvivrirenrnnenrassnsansannnnns 2,162,000 1,937,000 1,889,600

Russian cooperation ...cvvveiirransrnsnrnannnns 79,500 70,800 50,100

SCIENCE, AERONAUTICS & TECHNOLOGY
Life and microgravity sciences and applications

Russian cooperation. .covvresssrsassssnnnssnns 15,400 54,100 61,800
(Life SCIENCES) vvvvvrrrrrnnnnnnnnsssnnnnnns (7.,600) (33,800) (18,700)
(MICrogravity) «uveeevvreannrsannssnnnssnnns (4,400) (5,800) (18.400)
(Spacelab mission management) ......ccccuunns (3.,400) (14,500) (24,700)

Space station facility payloads.............. 5.500 39,000 84,000

Space station utilization.......coceeevinnnns -- 3.300 10,600

Mission to planet earth
Space station attached payload = -- -- 9,800
Advanced concepts and technology
Space station experimentS..iviiiesacessrennns oo -- 15,000
L0 7= 1 2,262,400 2.104,200 2,120,900

Space station-related activities are funded in FY 1995 in the Human Space Flight (KSF) appropriation and in
the Science. Aeronautics & Technology (SA&T) appropriation. The HSF funds the development and operation of
the Space Station. in addition to the flight support component of the Russian cooperation program of joint
flights to the Mir Space Station. Both programs are managed by the Office of Space Flight. Station-related
funding in SA&T provides for the development, operation and science research associated with the scientific.
technology and commercial payloads being built for utilization of the Space Station or in conjunction with
the joint Mir program. The majority of these activities are managed by the Office of Life and Microgravity
Sciences and Applications for these discipline-specific experiments. An externally-attached Space Station
payload is being developed by the Office of Mission to Planet Earth. The Office of Advanced Concepts and
Technology is providing technology and commercial payloads for both external and pressurized Space Station
deployment.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
HUMAN SPACE FLIGHT
FISCAL YEAR 1995 ESTIMATES
GENERAL STATEMENT

The Human Space Flight appropriation provides funding for NASA"s human space flight activities. This
includes the on-orbit infrastructure (Space Station and Spacelab). transportation capability (Space Shuttle
program, including operations, program support and performance and safety upgrades). and the Russian
Cooperation program. which includes the flight activities associated with the cooperative research flights
to the Russian Mir Space Station. These activities are funded in the following budget line items:

Space Station - The Space Station will be an orbiting laboratory which will enable unique scientific and
technological investigations in a microgravity environment and provide the essential understanding of the
ability of humans to live and work in space for extended periods of time. Funding will support continued
development of the Space Station, which was significantly redesigned in 1993 dnd now includes major
participation by Russia. Funding for sShuttle/Space Station Integration. previously included in Space
Transportation Capability Development is included in this budget. Funding for Space Station-unique
facilities previously included in the Construction of Facilities appropriation is included in the Space
Station budget.

Russian Cooperation - This program includes all flight activities in support of the joint space missions
involving the Space Shuttle and the Russian Mir Space Station. This includes the Shuttle and Spacelab-
unigue requirements associated with Shuttle flights to Mir. as well as the funding for contractual services
and supplies to be provided by Russia in conjunction with the joint Mir program and the international Space
Station. Funding for experiments for the Mir flights is included in the Life and Microgravity Sciences and
Applications and Space Station budgets.

Space Shuttle - This supports all the activities required for the continuing, safe operation of the Space
Shuttle. This includes the hardware and support services to maintain the Shuttle launch schedule, and
funding for activities to enhance the safety and performance of the Space Shuttle. These activities were
previously budgeted in the Space Flight Control, and Data Communications appropriation. Funding for Space
Shuttle-unique facilities previously included in the Construction of Facilities appropriation is included in
the Space Shuttle budget.

Pavload Utilization and Operations - Funding is provided for the support of payloads flying on the Shuttle
and Spacelab. as well as advanced technology projects and Engineering Technical Base support for the field
centers supporting Human Space Flight activities. Funding for these activities was previously included in
Space Transportation Capability Development.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
HUMAN SPACE FLIGHT
FISCAL YEAR 1995 BUDGET ESTIMATES

(IN MILLIONS OF REAL YEAR DOLLARS)

BUDGET PLAN
1993 1994 1995
HUMAN SPACE FLIGHT 6.672.0 6.069.7 5.719.9
SPACE STATION 2,162.0 1,937.0 1.889.6
RUSSIAN COOPERATION 79.5 170.8 150.1
SPACE SHUTTLE 3,988.2 3,549.3 3,324.0
PAYLOAD AND UTILIZATION OPERATIONS 442.3 412.6 356.2
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

HUMAN SPACE FLIGHT

For necessary expenses, not otherwise provided for, the conduct and
support o human space flight research and development activities,
including research; development; operations; services; maintenance;
construction, repair, rehabilitation, and modification of real and per-
sonal property; acquisition or condemnation of real property, as au-
thorized by law; space Aigh¢, spacecraft control and communications
activities including opemtions, production, and services; and purchase,
lease, charter, maintenance, and opemtion of mission and administra-
tive aireraft; $5,719,900,000 to remain available until September 30,
1996: Provided, That amounts appropriated under this heading shall
not be subject to the requirements set forth in section 9(e)~(r) of the
Small Business Act, as amended (15 U.S.C. 638(e)-(r)), and any relat-

ed requirements, including such requirements enacted in Public Law
102564.

HSF SUM-3



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
HUMAN SPACE FLIGHT
REIMBURSABLE SUMMARY

(IN MILLIONS OF REAL YEAR DOLLARS)

BUDGET PLAN

1993 1994
HUMAN SPACE FLIGHT 170.5 107.2
SPACE STATION 1.2 2.0
SPACE SHUTTLE 114.8 34.2
PAYLOAD UTILIZATION AND OPERATIONS 54.5 71.0

2.0

25.9

76.0
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1995 356,200 107 800 0 98,700 130 o0 | o0 3,800 ] 0 0 0 6,100
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HUMAN SPACE FLIGHT

FISCAL YEAR 1995 ESTIMATES

, OFFICE OF SPACE FLIGHT SPACE STATION
SUMMARY OF RESOURCES REQUIREMENTS
Page
FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)
Development. . cueiriiraranensnsaranansnsnsasannns 2,125,000 1,911,000 1,662,000 HSF 1-4
Utilization support....c.ccvveiiranrnnnsannnnnnnns 30,000 21,000 96,600 HSF 1-8
0]0=Y =Y of o) =3 T -- 131.000 HSF 1-10
Assured crew return vehicle.........cccciviat 7.000 5.000 --
101 7= Y 2,162,000 1,937,000 1,889,600

Johnson Space Center....cvvievresnranrnsnsannnns 942,100 388,600 431.000
Space Station Program OfFfice.......ccvvvvvinnnsn " 1,154,700 1,213,000
Kennedy Space Center.......iovveiiinnrnnrensnnns loa,loo 69,400 155,000
Marshall Space Flight Center......civvveeennnnns 454,000 181,100 68.600
Langley Research Center.....civevivrrannrnnnnans 3.100 -- --
Lewis Research Center.......ccovevivrernnnnnnnnnns 364.000 110,200 7,000
Ames Research Center......vuveevirrrannrrnnnnnss 900 -- --
Jet Propulsion Laboratory....ccovviiversnnnnnnns 1.500 -- --
HeadquartersS. .o veveurnransnsnrannnsnsnsansnnnns 288.300 32.600 15.000

Lo} =1 S 2.162.000 1,937,000 1,889,600
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HUMAN SPACE FLIGHT
FISCAL YEAR 1995 ESTIMATES
, OFFICE OF SPACE FLIGHT SPACE STATION
OBJECTIVES AND JUSTIFICATION

Development of the United States (U.S.) permanently inhabited Space Station, as directed by President
Clinton in 1993. is essential to preserving U.S. preeminence in space-based science. technology and human
space flight. The Space Station is our opportunity to provide a truly international vehicle that will
enable nations to work together to perform scientific and technological investigations, encourage commercial
use of space, and gain direct experience in long-term human operations in space and knowledge essential to
future space exploration. The Space Station provides a unique capability to study the effects on the human
body while in space for an extended period of time. With this knowledge, countermeasures can be developed
and used on future missions as we continue to explore our universe. Medical gains in life sciences will
impact the health of all humans on Earth. A prolonged microgravity environment on Space Station allows the
achievements in materials science that have been gained on Shuttle, including the development of protein
crystals, to be expanded on to help discover the benefits that scientists and researchers have hypothesized
for years.

The Space Station will be unique because it provides the U.S. with a permanent outpost in space. The
schedule for the newly redesigned, international space station emphasizes an early human tended capability
that provides an advanced research laboratory used by international crews for extended durations.
Therefore. very early into the program. the Space Station will provide enormous benefits to stimulate new
technologies, enhance industrial competitiveness, further commercial space enterprises, and add greatly to
the storehouse of scientific knowledge. The program completed the Systems Requirements Review in December
1993. This was a programmatic and technical review which determined that the current configuration meets
the requirements specified in the Alpha Program Implementation Plan as approved by President Clinton. This
review will be followed by the Systems Design Review (SDR) in March 1994. The SDR is a more detailed review
in which the objective is to review more highly refined system designs and validate that those designs meet
the requirements.

The Space Station®s international aspect was initiated in 1984 with invitations for the full participation
of other nations. President Clinton has expanded the international scope of the Space Station dramatically
by forming a cooperation with the Russian Space Agency (R3S4). Station team members include NASA, RSA.
Canada, the European Space Agency (ESA), and Japan. An international cooperation between partners will
ensure compatible development of interfacing elements. The Canadian government will develop a mobile
servicing system, ESA will include a pressurized module, and the Japanese government has agreed to develop a
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pressurized laboratory module. In the redesigned Space Station con iguration. the Russian Mir Space Station
will play an integral role. In accordance with the terms of the agreements. the U.S. and the international
partners will share the total available resources and the common costs for operations. This unprecedented
level of international cooperation could also serve as a modei for cooperative activities in future space
projects and enhance the feasibility of advanced initiatives.

The current Space Station is the culmination of the work begun a year ago to redesign the Space Station to
be more efficient and effective in response to lower projections for the Agency budget and increased
emphasis on other programs. such as science and aeronautics. Human presence In space is one of NASA"s

top priorities, and the redesigned Space Station has met the Presidents goal to reduce program costs while
still providing significant research capabilities. An entirely new management approach has been
implemented, in which a single contractor (Boeing) has been given total prime contractor responsibilities.
The other previous prime contractors (McDonnell Douglas and Rocketdyne) and other support contractors are in
the process of being novated to Boeing. This will produce clearer lines of authority and greater
accountability. The program management has been relocated to the Space Station Program Office ($5P0) in
Houston and has been streamlined and structured around integrated product teams with responsibility for
bringing the systems and elements into integrated launch packages. Headquarters management has been merged
with the Space Shuttle management organization and project management organizations at the various centers
have been eliminated. Efficiencies have been gained through these program management improvements as well
as through design changes, a simplified integration effort, and a new partnership with the Russians.

The Space Station budget has been restructured to reflect changes in management responsibilities.
Transportation support by the Shuttle program, encompassing docking, airlock and extravehicular activity
(EVA) systems as well as Shuttle integration support, has been added to the development funding. Similarly.
construction of program-specific facilities are now included under development.

Assembly of the Space Station will commence in 1997 at an inclination of 51.6 degrees in order to fully
utilize Russian as well as U.S. and partner capabilities. The Station will support human-tended operations
and evolve to a permanent human presence and have full operational and research capability. After
completion in 2002, the Station is designed to have an operational lifetime of approximately ten years.
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BASIS OF FY 1995 FUNDING REQUIREMENT

SPACE )N DEVELOPMENT
Page
FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)
Flight hardware......civiireiinrinransnsnnsannns 2,085,500 1.642,400 1,127,000
Test, manufacturing and assembly................ -- 87,600 117,000
Operations capability and construction.......... -- 151.000 257.800
Transportation SUpport.....ccevvreasssesnrsnsnnss 25,700 30,000 100.000
Flight technology demonstrations........ceccuusn - - . 40.000
Subtotal .......civiiiii e e e e e aanans 2,111,200 1,911,000 1,641,800
Operations capability and construction.......... 13.800 - 20,200
Space station processing facility . CoF ....... 12,000 -- --
Payload operations and integration center

MOdIFICAtIONS . COF vuivinirnrnrnsnnnnnnrnnnnns 1,800 -- --

Neutral buoyancy laboratory _ CoF ........cceuun T T 20, 200 CF 1-1
1o} =Y 2,125,00 1,911,000 1,662,000

OBJECTIVES AND STATUS

Space Station elements will be provided by the U.S. and its international partners. The U.S. elements
include two nodes. a laboratory module, truss segments, three photovoltaic arrays. a mini pressurized
logistic module, a habitation module, a pressurized mating adaptor, a cupola and an unpressurized logistics
carrier. Joint ¢.3,/Russian components include the airlock. energy block, two Soyuz Assured Crew Rescue
Vehicle (ACRVs), batteries, solar dynamic modules and additional photovoltaic arrays. The U.S. and Russia
have agreed to a three-phased. cooperative effort to ultimately assemble an international Space Station.
Phase One is intended to enhance and modify the Russian Mir and study the systems and integration effort
required to create the Space Station. Components come together during the second and third program phases
for integration, launch, and assembly.

Phase One combines the Shuttle-Mir program with additional Shuttle flights to Mir and U.S. crews aboard Mir.
which will provide valuable experience and test data that will greatly reduce technical risks associated
with the construction and operation of the international Space Station and provide early opportunities for
extended scientific and research activities. Mir capabilities will be enhanced by replacing solar arrays
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and adding two Russian modules (Spektr and Priroda) to support U.S. and Russian science and research
experiments.

Phase Two combines U.S. with Russian hardware to create a totally new. advanced orbital research facility
with early human-tended capability. Five Russian and five U.S. launches will result in a facility that will
significantly expand and enlarge the scientific and research activities initiated in Phase One and will form
the core around which the international Space Station will be constructed. Power available will total 20.5
Kw from a combination of jointly developed photovoltaic arrays and arrays on the service module and energy
block vehicles. Phase Two also develops systems capabilities, including modifications to the Russian FGB
Energy Block and Service Module to incorporate a U.S. S-Band communications system, a NH3 distribution
system, a 120 volt direct current power system and distribution to U.S. elements, and distribution of 02 and
N2 to U.S. elements. Phase Two also includes the docking systems and studies to define a Soyuz ACRV. a
Science Power Platform, and the Environmental Control and Life Support System (ECLSS).

Phase Three completes construction. The Station will support a permanent human presence and have full
operational and research capability. During this phase, power availability is incrementally increased to
110 Kw by adding power modules. Assembly is completed by completing the truss, adding the U.3. habitation
module, completing all distributed systems architectures. adding the station robotics system and integrating
the international partner elements. After completion. the Station will have an operational lifetime of
approximately ten years.

BASIS OF FY 1995 ESTIMATE

The first American flight launches Node 1, a pressurized volume which contains four radial and two axial
berthing ports. The node will be launched with two Pressurized Mating Adapters (PiAs) attached and will
serve as the docking location for the delivery of the U.S. Laboratory Module and the pressurized logistics
module. Node 2 with an attached cupola is manifested in the second phase of assembly. The final U.S.
pressurized volume is the Habitation Module which will contain the galley, ward room, waste management.
water processing and other crew support functions necessary for human operations. All U.S. pressurized
volumes are developed by Boeing Defense and Space Group. Missiles and Space Division, which has been given
the prime contractor responsibility. including integration.

As a subcontractor to Boeing. McDonnell Douglas will develop and build the truss segments that separate
Station elements and house essential systems, including central power distribution, thermal distribution and
attitude control equipment. Radiators, communications antennas, photovoltaic (V) elements and the Space
Station Robotics Manipulator System are also mounted to truss segments.

The power system, essential to the Station®s housekeeping operations and scientific payloads, will be built
by Rocketdyne Division, Rockwell International, in a.subcontracted effort to Boeing. Three PV elements,
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and adding two Russian modules (Spektr and Priroda) to support U.S. and Russian science and research
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module, completing all distributed systems architectures. adding the station robotics system and integrating
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The first American flight launches Node 1. a pressurized volume which contains four radial and two axial
berthing ports. The node will be launched with two Pressurized Mating Adapters (PMAs) attached and will
serve as the docking location for the delivery of the U.S. Laboratory Module and the pressurized logistics
module. Node 2 with an attached cupola is manifested in the second phase of assembly. The final U.S.
pressurized volume is the Habitation Module which will contain the galley. ward room, waste management.
water processing and other crew support functions necessary for human operations. All U.S. pressurized
volumes are developed by Boeing Defense and Space Group. Missiles and Space Division, which has been given
the prime contractor responsibility. including integration.

As a subcontractor to Boeing. McDonnell Douglas will develop and build the truss segments that separate
Station elements and house essential systems, including central power distribution, thermal distribution and
attitude control equipment. Radiators, communications antennas, photovoltaic (?¥) elements and the Space
Station Robotics Manipulator System are also mounted to truss segments.

The power system, essential to the Station®s housekeeping operations and scientific payloads, will be built
by Rocketdyne Division, Rockwell International, in a.subcontracted effort to Boeing. Three PV elements,
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containing a mast. alpha joint, radiator. arrays and associated power storage and conditioning elements make
up the power system.

The flight hardware funding also provides for the integration activities and tasks accomplished by Boeing.
"the prime contractor.

The development program also includes test, manufacturing and assembly support for critical center
activities and institutional support. Test capabilities, the provision of government furnished equipment
(GFE), and engineering analysis provide in-line products to support the work of the prime contractor. its
major subcontractors and NASA system engineering and integration efforts.

Operations capability provides the development of a set of facilities. systems and capabilities to conduct
the operations of the Space Station. The work will be performed at the Kennedy Space Center (KSC) and the
Johnson Space Center (JsSC). The KSC will develop launch site operations capabilities for conducting
prelaunch and post-landing ground operations. The JSC will develop space systems operation capabilities for
conducting training and on-orbit operations control of the Space Station. Construction of the Neutral
Buoyancy Laboratory (NBL) at JSC will provide the capability for Space Station crew training to support a
March 1997 training need date. Requirements for simultaneous extravehicular activity (EVA) training (up to
nine crews at a time) and larger volume for time critical EVA tasks has dictated the NBL requirement (see
Construction of Facilities narrative for detail).

The redesigned Space Station emphasizes multicenter and multiprogram cooperation. At JSC, a consolidated
approach between primarily Space Shuttle and Space Station will minimize. if not prevent, duplicated effort
and costs for command and control and training. Crew training will be based on a detailed risk analysis to
concentrate on probability to determine the optimum failure response training profile. Therefore, training
will be knowledge- and proficiency-based rather than driven by timeline and detailed procedures rehearsal.
At KSC. ground processing will be performed by a greater number of civil servants and investments in
facilities will be limited. The redesigned Space Station will make efficient use of available personnel
from other programs.

Transportation support provides those activities which are required to mate and integrate the Space Shuttle
and Space Station systems. This budget line supports development and procurement of two external airlocks.
and upgrade of a third airlock to full system capability. which are required both for docking the Space
Shuttle with the Russian Mir and for use with the Space Station.

Other items in this budget include: the Remote Manipulator System (RMS) and Shuttle Mission Training

Facility upgrades: development of a UHF communications system and a laser sensor: procurement of a fifth
cryo-tank set and an Operational Space Vision System: procurement of three docking mechanisms and Space

HSF 1-6



Station docking rings: EVA/sxtravshicular mobility units (EMU) services and hardware: and integration costs
to provide analyses and model development.

Space Station technology and system validation funding requirements include flight technology demonstrations
in areas of joint NASA/RSA development that pose a level of technical or programmatic risk, warranting
additional verification. Risk areas include life support, the data processing system. automatic rendezvous
and docking. vibration isolation in a microgravity environment, assembly and maintenance, loads and
dynamics, contamination. radiation environment. and micrometeoroidlorbital debris. In addition. funding is
provided for operational techniques development for procedures, utilizing the Shuttle flights to the current
Russian Mir. that will benefit the future operational phases of the Space Station program.
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BASIS OF FY 1995 FUNDING REQUIREMENT
UTILIZATION SUPPORT

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

User sUpP Fl.uuiiiiiiiiiirnnnnsnnnsnnnssnnnnnnns 30.000 21,000 96,600

OBJECTIVES AND STATUS

User support provides for the development of facilities, systems and capabilities for user operations and
the conduct of user operations. The utilization of Space Station must be integrated across NASA centers and
the international partners. Streamlined and responsive payload operations support to users will be provided

through one research and science control facility.

BASIS OF FY 1995 ESTIMATE

Consolidated utilization includes development of a payload operations integration capability and the Payload
Training Complex as well as extensive payload mission planning, analytical integration, and the Payload Data
Servicing System (PDSS). The Marshall Space Flight Center®s (MSFC's) unique express rack program provides
an efficient payload integration capability for smaller payloads that require a limited amount of resources.
User support also includes Science and Utilization Management (SUM) that provides outreach. express pallet
program and support equipment. Laboratory support equipment includes the freezers. tools, storage.
microscope system. refrigerated centrifuge, glove boxes and other equipment to support payload operations.
The KSC. in support of the users, will develop a capability to process and verify the payloads prior to
flight.

User operations encompasses the payload functions from the initial definition of the payload for flight
through the onboard operation and return of the data to the user. Funding is provided for payload planning.
development of operations documentation, training of the flight and ground teams and the execution of each
mission to meet the needs of the users.

For the redesigned Space Station, the payload integration process has been streamlined and shortened
significantly. Standardized payload accommodations and an express rack concept have been adopted to allow
for later payload manifesting. Real-time support has also been reduced, based on a relaxed planning concept
that allows for activity scheduling during the mission.
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REQUIREMENT

ASSURED CREW RETURN VEHICLE

FY 1993 EY 1994 EY 1995
(Thousands of dollars)
Assured crew return vehicle .ivveiverennrnnnnnnns 7.000 5,000 --
OBJECTIVES AND STATUS

The redesigned Space Station will use an Assured Crew Return Vehicle (ACRV) based on a Soyuz vehicle and
launched on a Russian booster for rescue and crew rotation. The Soyuz ACRV is a Russian element of the
Space Station. and currently requires no U.S. funding in 1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT

SPACE STATION OPERATIONS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Vehicle operations . . . ... ... ............... - . 54, 000
Ground and transportation operations....«..usss. —_= —_ _77.000
L0 -1 - — 131,000

OBJECTIVES AND STATUS

Space Station operations provides for the sustained operations of the Space Station as well as the ground
and transportation operations required to support the vehicle. Planning for operations is an integral part
of the station design and development program, and simplified and affordable operations was a major
objective in the recent redesign process. The infrastructure developed for the Shuttle and the experience
derived from the Shuttle-Mir program are necessary for efficient and effective operations of the station.
The various elements of development will transition, over time, to the operations program and funding in
FY 1995 for long-lead components and operations preparation necessary to support the start of assembly in
1997.

BASIS OF FY 1995 ESTIMATE

Vehicle operations is the budget element for: (@) post-development systems engineering and integration
necessary to sustain the specification performance and reliability of Space Station systems: (b) logistics
support for flight hardware and launch site ground support equipment, the near-term requirement which drives
the FY 1995 funding requirement because long-lead flight spares acquisition must begin to support early
flight hardware: and (¢) configuration management and any associated procurement activity.

The normal sustaining engineering function for the redesigned Space Station will be performed by a small
cadre of civil service system experts located at each development center, as opposed to carryover of prime
contractor and subcontractor personnel.

Flight software sustaining engineering will consist of a limited code maintenance capability. This will
allow all flight software to be handled under a single contract.

Ground operations includes command and control. logistics, training, and ground processing.
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A unified command and control center for the Space Station will be composed of the Mission Control Center
(MCC) -Houston and the Mission Control Center (MCC)-Kaliningrad. The MCC-Houston will be the prime site for
the planning and execution of integrated system operations of the Space Station. with exclusive command and
control authority. Communication links from both Moscow and Houston will support control activities. using
the Tracking and Data Relay Satellite (TDRS) system.

The U.S. and Russia are individually responsible for those logistic requirements which are unique to their
elements on the Station. Logistics requirements which support the ability to use and operate the Station
will be shared. Maintenance and repair costs have been minimized on the redesigned Space Station by
accepting longer repair timespans. establishing a single maintenance and repair capability at the Kennedy
Space Center (KsSC) and using original equipment manufacturers or other certified industry repair resources.

Flight controllers will be trained to operate the Station as a single integrated vehicle. with full systems
capability in the training environment. Crew members will be trained in Station systems, operations, and
other activities expected during a mission. Part-task and full hardware mockups and simulators will be used
to provide adequate training for the crew prior to flight. Integrated training, consolidation of training
facilities and the concept of proficiency based learning will increase the efficiency of the overall
training effort.

Once the flight cargo elements have undergone acceptance testing at the development location. they will be
transported to KSC for ground processing. This includes integrated testing, interface verification,
servicing. launch activities and experiment-to-rack physical integration. Because Station is a ten-year
program. no major upgrades to facility systems and equipment are being planned.
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HUMAN SPACE FLIGHT

FISCAL YEAR 1995 ESTIMATES

QFFICE OF SPACE FLIGHT RUSSIAN COOPERATION
FY 1993 EY 1994 EY 1905
(Thousands of dollars)
Russian space agency contract support, ==~ -- 100,000 100.000
MIFr SUPPOKE. ..ttt et et e ie e aarananarnsns 79.500 70,800 50,100
L0 - 79.500 170,800 150,100

Distribution of Program Amount bv Installation

Johnson Space Center...... it taetennmerannnnnnnns 78.500 63.500 30,600
Space Station Program Office . . . . . . . . . . . 100, 000 100.000
Marshall Space Flight Center...........couuuunn. 1.000 7,300 19,500

10 1 = 1 79,500 170.800 150,100

OBJECTIVES AND STATUS

The U.S. and the Russian Federation have agreed to enter into an enhanced cooperative space program.
consisting of a number of inter-related projects in several phases which are intended to result in the
enhancement of Mir-1 operational capabilities. joint space flights, and joint activities leading to Russian
participation in the design. development. operation, and utilization of an international Space Station.
This relationship between the U.S. and Russian space agencies will advance their national space programs and
benefit their respective national aerospace industries.

The plan is composed of three phases, parts of which are conducted in parallel. Phase One expands the joint
participation by U.S. and Russian crews in Mir and Shuttle operations. This expanded program utilizes the
unique capabilities of the Shuttle and Mir programs and provides for the potential of up to ten flights to
the Mir. including U.S. crew stays aboard Mir. This program will provide valuable experience and test data
that will greatly reduce technical risks associated with the construction and operation of the international
Space Station and provide early opportunities for extended scientific and research activities. Mir
capabilities will be enhanced by contributions from both the U.S. and Russia. The Shuttle will bring new
solar arrays (to be built by the Russians, utilizing solar cells provided by the U.S.) to replace existing
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arrays on Mir. Russia will add Spektr and Priroda modules to Mic, equipped with U.S. and Russian scientific
hardware to support science and research experiments.

Phase Two combines U.S. and Russian hardware to create a totally new, advanced orbital research facility
with early human-tended capability. This facility will significantly expand the scientific and research
activities initiated in Phase One, and will form the core around which the international Space Station will
be constructed. Phase Two also develops the systems capabilities, support, and other infrastructure to
complete the international Space Station.

Phase Three will complete construction. enabling the station to support a permanent human presence with full
operational and research capability.

BASIS OF FY 1995 ESTIMATE

upport - The Russian Space Agency (Rsa) has agreed to furnish supplies and/or services in a fitm-
fixed-price contractual arrangement with NASA. The purpose of the contract is to enhance iic-1 operational
capabilities, perform joint space flights, and conduct joint activities to design. develop. operate and
utilize the international Space Station.

Phase One supplies and/or services provided by RSA include management activities, Mir lifetime extension.
Mir capabilities expansion. docking hardware, and mission support for both long-duration and short-term
missions. Management activities include project documentation and design. program management. subcontract
management. and travel. Mir lifetime extension includes system requirements planning, communication and
control systems analyses and upgrades, ground control facilities, thermal control documentation and
requirements definition, environmentally-closed life support system (ECLSS) upgrades. power supply system
upgrades. propulsion systems documentation and initial design and test, and elements of construction and
mechanisms. Mir capabilities expand with the introduction of the Spektr and Priroda modules, to be attached
to the Mir for scientific use by Russia and the U.S.

Phase Two supplies and/or services provided by RSA include management: advanced technology: international
Space Station elements (Phase B); Assured Crew Return Vehicle (ACRV) Phase B modification design.
documentation and long-lead hardware: and a study to evaluate the use of the Proton launch vehicle with
Space Tug as a back-up to Shuttle. Advanced technology includes joint development of ECLSS upgrades and a
study to develop a common space suit. International Space Station elements include requirements definition
of a joint airlock and androgynous peripheral docking system (APDS) hardware, service module modifications.
energy block modifications. and a study on a scientific power platform.

Mir Support - Mir Support includes the NASA effort involved with Shuttle and Spacelab requirements in
support of the Mir program.
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The gy 1995 fun: ing is provided to complete the mission requirements for the STS-71 mission which docks the
Atlantis (0V-104) with the Russian Mir Space Station in June 1995. The objectives of this mission are to
demonstrate the docking concept with the Shuttle before potential use on the Space Station: examine the
potential use of the Russian docking mechanism for the international Space Station: enhance our
understanding of long-duration operations: and obtain life science and microgravity research benefits from
long-duration experimentation. In addition. this mission will deliver two Russian cosmonauts to Mir and
return to Earth three Mir crew members.

The Mir follow-on flights will utilize current program hardware which was built and procured for the Mir-1
flight (STS-71). The follow-on flights require funding to extend the current mission certification of the
docking mechanism and mission support and integration. These flights will be performed over a two-year
period and will enhance our life sciences and microgravity research capabilities. Payloads. flight
demonstrations and experiments for these missions are funded under the Life and Microgravity Sciences and
Applications and Space Station programs.

The FY 1995 funding also supports operational Spacelab requirements associated with the Mir flights
including 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 support. Funding will
provide for the processing of a pressurized Spacelab long module to fly life and microgravity science

experiments to dock with the Russian Mir. In addition, funding will continue to support the processing of
follow-on missions which include a minimum of two unpressurized pallet missions and three additional
pressurized Spacelab module missions to be launched in FY 1995-FY 1997. In addition to the life science and

microgravity payloads, Space Station flight technology demonstrations are planned for these flights.
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HUMAN SPACE FLIGHT

FISCAL YEAR 1995 ESTIMATES

' OFFICE OF SPACE FLIGHT SPACE SHUTTLE
Page
FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)
Shuttle OperationS. .. ovveeiirinnrrnnrsnnnrsnns 2,857,200 2,570,600 2,420,100 HSF 3-3
Safety and performance upgrades........covuvvann 1,131,000 978.700 903.900 HSF 3-8
101 7= 1 3,988,200 3.549.300 3.324.000

Distribution of Program Amount by Installation

Johnson Space Center.......covveiveirinnnnnnnnss 1,177,000 1,034,900 889,000
Kennedy Space Center....covvevrrnnrenrnnnrnnnnns 992,100 910.900 852,900
Marshall Space Flight Center.................... 1,737,500 1,523,500 1,505,400
Stennis Space Center.....cvvvviinrrnnnrnnnrennns 34,500 25,000 20,800
Ames Research Center........cevvivinnrrnnnennnns 6,300 5,700 6,100
HeadquartersS. .. oviiviireiransansnnsnssnrnnsnnss 40,800 49.300 49.800

101 7= | 3,988,200 3.549.300 3,324,000

OBJECTIVES AND JUSTIFICATION

The primary program objective of the Space Shuttle is to support NASA launch requirements while maintaining
the essential program focus on safety and mission success demonstrated since returning the Shuttle to
flight. Because of its unique capabilities, the Shuttle remains a key element of America®"s space program.
The Shuttle is the First reusable space vehicle and can be configured to carry many different types of space
apparatus, spacecraft, and scientific experiments. In addition to transporting materials, equipment. and
spacecraft to orbit. the Shuttle offers unique capabilities such as retrieving payloads from orbit for
re-use, servicing and repairing satellites and observatories in space as was demonstrated with the
successful repair of the Hubble Space Telescope, safely transporting humans to and from space and operating
and returning space laboratories.
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Strategically, the Shuttle program strives to maintain the capability to safely fly eight flights every
year.. In order to improve safety margins of the Shuttle by a factor of two, as well as provide performance
and capability enhancements, the program is implementing modifications such as upgrades to the main engine
and development of a super lightweight external tank that will provide increased payload lift capability.
However, the program is acutely aware that providing reliable access to space must be more cost effective in
order to exploit these capabilities fully. As a result, major cost reduction measures which have been
implemented since FY 1992 will continue.

The revised NASA budget structure includes the Space Shuttle program within the Human Space Flight
appropriation with two major components: Space Shuttle Operations and Safety and Performance Upgrades.
Shuttle operations supports the launch of NASA missions and is the primary program in which efficiencies
have been implemented and thereby significantly reducing the cost of flying the Shuttle. When measured from
the program™s FY 1992 actual budget, a 24% reduction will be realized. The Shuttle launch schedule plans
for a maximum flight rate of eight per year in Yy 1994 through FY 1999. Safety and performance upgrades
provides for modification and improvement to the flight elements and ground facilities. and permits
expansion of safety and operating margins and enhancement of Shuttle capabilities as well as the replacement
of obsolescent systems. This budget now includes funding for facilities related to the Space Shuttle which
were previously part of NASA"s Construction of Facilities appropriation. In FY 1994 and

FY 1995, facilities at the Johnson Space Center, the Kennedy Space Center. and the Stennis Space Center will
be modified to improve their performance and. in some cases, will be refurbished and restored to acceptable
conditions after over ten years of use.
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BASIS OF FY 1995 FUNDING REQUIREMENT
SHUTTLE OPERATIONS

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

0] 0T ] 477,000 364,100 292.800
System Integration......cvvevrenrenrenrensnnsnns 200,600 211,200 190,500
External tank......ioiiiiiiiiiiiiintiesnnnnnnnss 300,200 305,300 379.600
Space shuttle main engine....vvvvirrecnnnnnnrnns 239,900 191,800 144,400
Redesigned solid rocket motor..........cvuuuuunnn 409.400 368.900 373,100
Solid rocket boOSter.....cvivivevennensnrnrnnnns 172,000 156.400 144,900
Launch and landing operations........c.ceevreresss 697,100 650,100 596.400
Mission and crew operationS.......ccvvveceerrnnns 361.000 322,800 298.400
10 1 o= 1 2,857,200 2.570.600 2,420,100

OBJECTIVES AND STATUS

Shuttle Operations provides launch services to NASA payloads as well as to other government agencies and
international users. Shuttle operations is manifested to a planned rate of eight flights per year. In

FY 1994. the Space Shuttle successfully completed the Hubble Space Telescope (HST) mission. the second
Spacelab mission dedicated to the life sciences. and will have flown six additional missions by September
1994. Other major payloads to be flown in FY 1994 include: materials processing in a microgravity
environment for both U.S. and international customers: experiments involving molecular and chemical growth
of compound semi-conductors in the Wake Shield Facility: Spacehab payloads for commercial customers: Space
Radar Laboratory flights: and over 30 middeck payloads. Also. the first of the cooperative missions with
the Russians will be initiated when the Russian cosmonaut accompanies the Shuttle on STS-60 in February.

The Space Shuttle has demonstrated a broad range of capabilities including deployment of spacecraft and
their upper stages. satellite repairs, satellite retrieval, operations using the Remote Manipulator System.
integral scientific experimentation using Shuttle and Spacelab systems, and extravehicular activity (EVA)
operations. These capabilities provide a unique national resource that enhances the scientific reward of
many payloads. In FY 1994 the Shuttle program demonstrated its unique capability when it successfully
repaired the HST in December 1993. In FY 1994 the Shuttle will fly eight flights with a wide variety of
scientific payloads including two microgravity flights, two space radar lab flights, and the second flight
of the commercial Spacehab module. These flights will also carry a multitude of secondary payloads. In
addition there will be two extended duration flights of thirteen to sixteen days on Columbia (0V-102).
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The Space Shuttle program aggressively continues its plans to significantly reduce the cost of operations.
Initiated in FY 1992. this cost reduction effort capitalizes on program efficiencies and relies on specific
content reductions to reach its goals. Both Shuttle project offices and Shuttle contractors have been
challenged to meet reduced budget targets.

As in the past. Shuttle operations requirements are funded through a combination of funds received from
Congressional appropriations and reimbursements received from customers whose payloads are manifested on the
Shuttle. The reimbursements are applied consistent with the receipt of funds and mission lead times, and
are subject to change as manifests are revised. In FY 1994 planned reimbursements total $9 million.

The Orbiter program element consists of the following items and activities: (1) Orbiter spares for the
replenishment of line replacement units (LRUs) and shop replacement units (SRUs) along with the manpower
required to support the orbiter logistics program: (2) production of external tank (ET) disconnect hardware:
(3) Flight crew equipment processing as well as flight crew equipment spares and maintenance including
hardware to support Shuttle EVA: and (4) various orbiter support hardware items such as pyrotechnic
initiated controllers (pPICS), NASA standard initiators (NSIs), and overhauls and repairs associated with the
Remote Manipulator System (rRMS) ., The sustaining engineering associated with the orbiter vehicles is now
included in this budget element.

System integration captures those elements managed by the Space Shuttle Program Office, including payload
integration into the Shuttle and systems integration of the flight hardware elements through all phases of
flight. Payload integration provides for the engineering analysis needed to ensure that various payloads
can be assembled and integrated to form a viable and safe cargo for each Shuttle mission. Systems
integration includes the necessary mechanical, aerodynamic, and avionics engineering tasks to ensure that
the entire launch vehicle can be safely launched, fly a safe ascent trajectory. achieve planned performance.
and descend to a safe landing. In addition, funds are provided for multi-program support at the Johnson
Space Center (JsSC).

The redesigned solid rocket motor (RSRM) budget includes: (1) purchase of solid rocket propellant and other
materials to manufacture motors: (2) necessary manpower to repair and refurbish flown rocket case segments:
(3) manpower to assemble individual case segments into casting segments and other production operations
including shipment to the launch site: (4) engineering manpower required for flight support and anomaly
resolution: and (5) new hardware to support the Fflight schedule required as a result of attrition.

The production of external tanks involves the following: (1) procurement of materials and components from
vendors: (2) manpower at the Government Owned Contractor Operated (GOCO) facility to manufacture tanks:

(3) support manpower and other costs to operate the GOCO facility: and (4} sustaining engineering for flight
support and anomaly resolution. The program will deliver four tanks in FY 1994. In the past year. the
contractor has taken major steps to reduce the manpower and costs needed to deliver this hardware. The
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additional material and production costs associated with the super lightweight tank is also included in this
budget.

The Space Shuttle main engine (SSME) operations budget provides for overhaul and repair of main engine
components. procurement of main engine spare parts. and main engine flight support and anomaly resolution.
This budget also includes funding to DoD for DCAS support in the quality assurance and inspection of Shuttle
hardware. In addition, funds are provided for transportation and logistics costs in support of SSME flight
operations.

The solid rocket booster budget funds: (1) procurement of new hardware and materials needed to support the
flight schedule: (2) work at various locations throughout the country for the repair of flown components:
(3) manpower at the prime contractor facility for integration of both used and new components into a forward
and an aft assembly: and (4) sustaining engineering for flight support.

Launch and landing operations provides for the manpower and materials to process and prepare the Shuttle
flight hardware elements for launch as they flow through the processing facilities at the Kennedy Space
Center (¥sC). Standard processing and preparation of payloads as they are integrated into the orbiter are
also funded under this category, as is procurement of liquid propellants and gases for launch and base
support. Support to landing operations at KSC. Edwards Air Force Base (EAFB) and contingency sites, as
required. is also provided.

Operation of the launch and landing facilities and equipment at the KSC involves refurbishing the orbiter,
stacking and mating of the Flight hardware elements into a launch vehicle configuration. verifying the
launch configuration, and operating the launch processing system prior to lift-off. Launch operations also
provides for booster retrieval operations. configuration control, logistics, transportation, and inventory
management. This budget also includes other launch support services. The central data subsystem. which
supports Shuttle processing as an on-line element of the launch processing system, is maintained and
repaired. Shuttle-related data management functions such as work control and test procedures are funded.
Equipment. supplies and services are purchased. Operations support functions are provided. Among these
support functions are propellant processing, life support systems maintenance. railroad maintenance,
pressure vessel certification, Shuttle landing facility upkeep, range support, and equipment modifications.

Mission and crew operations includes a wide variety of pre-flight planning. crew training, operations
control activities, flight crew operations support. aircraft maintenance and operations. and life sciences
operations support. The planning activities range from the development of operational concepts and
techniques to the creation of detailed systems operational procedures and checklists. Tasks include:
flight planning: preparing systems and software handbooks: defining flight rules: creating detailed crew
activity plans and procedures: updating network system requirements for each flight: and contributing to
planning for the selection and operation of Shuttle payloads. Also included are developing, upgrading and
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establishing the Control Center Complex (CcC), Integrated Training Facility (ITF), Integrated Planning
System (IPS). and the Software Production Facility (spF). These four facilities integrate the mission
operations requirements for both the Space Shuttle and Space Station. Flight planning encompasses flight
design. Fflight analysis. and software activities. Both conceptual and operational flight profiles are
designed for each flight. and the designers also help to develop crew training simulations and flight
techniques. In addition. the flight designers must develop unique, Flight-dependent data for each mission.
The data is stored in erasable memories located in the orbiter, ITF Shuttle mission simulators, and CCC
computer systems. Mission operations funding also provides for the maintenance and operation of critical
mission support facilities including the CCC. ITF, IPS and SPF. Finally. mission operations includes
maintenance and operations of aircraft needed for flight training and crew proficiency requirements.

Other support requirements are also provided for in this budget. including engineering tasks at the JSC
which support the flight software development and verification. The software activities include
development, formulation, and verification of the guidance, targeting, and navigation systems software in
the orbiter.

BASIS OF FY 1995 ESTIMATE

The requirements for Shuttle operations are based on supporting the launch of eight Shuttle flights and
their associated payloads. Each Shuttle project has been working to a very aggressive cost reduction
program resulting from cost targets established by NASA management. These projects will continue to
implement cost reductions in FY 1995 as well as the outyears by critically reviewing their current
requirements and by exploring new ways of doing business in order to determine the minimum resource level
needed to support the manifest without compromising flight safety. The cost of Shuttle operations in

FY 1995 is almost 6% less than FY 1994 and represents a significant challenge to the program. Both prime
contractor and supporting manpower are being reduced across the program by contract restructuring,
utilization of civil service wherever possible, reevaluating processes, consolidating skills and
reevaluating training requirements. In order to accommodate reductions of this magnitude, the program is
currently examining major structural changes as well as changes to roles and missions.

The orbiter requirements are based on flight rate, maintenance schedules, operational usage, repair times.
and lead times to procure new hardware or repair flown hardware. The requirements for system integration
are based on the Flight rate, specific payloads manifested, and unique launch requirements such as
inclination or performance requirements. The first flight to dock with the Russian Mir will be flown in May
1995 at a high inclination orbit. In addition the full capability of an extended duration flight will be
demonstrated with a sixteen-day mission to be flown with a U.S. Microgravity Laboratory (US¥L-2) payload in
September 1995.
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The requirements for the external tank, solid rocket booster, and redesigned solid rocket motor are based on
the flight schedule planned for FY 1995 and the outyears. The budget provides for production of hardware as
well as purchase of long-lead hardware based on each project™s unique manufacturing l=adtime requirements.
The external tank production rate is increasing from four to six in FY 1995 to support the flight rate of
eight missions. as the current inventory of tanks is being depleted. In addition, funds are provided to
purchase materials to produce the super lightweight tank based on utilization of aluminum lithium. The
requirements for the main engine are based on operational usage of flight hardware, repair times. and lead
times to refurbish flown hardware. Launch and landing operations funding in FY 1995 provides manpower and
support services necessary for processing the hardware to launch from the KSC as well as to support landing
operations at the KSC and Pryden Flight Research Facility. and contingency sites. This includes manpower to
assemble the solid rocket boosters (SRBs), mate the boosters and tanks, process the orbiter. mate the
orbiter to the integrated SRBs and external tank, process and checkout integrated flight elements through
launch, retrieve and disassemble the 3z3s for refurbishment, and support landing of the orbiter. Funding
also supports the manpower required for the KSC sustaining engineering. provisioning. logistics. launch
processing system operation and maintenance, and maintenance/modification oF all other Shuttle-related
ground support equipment and facilities including Launch Complex 39. Mission operations primarily supports
functions at the JSC to plan for and conduct Shuttle missions from launch to landing. The functions are to
maintain and operate all the ground facilities neceszary for flight preparation and execution: to train the
flight and ground controller crews in all aspects of flight including EVA training: to maintain the
proficiency of operational aircraft for training and orbiter ferry requirements: and to provide real-time
support to each Shuttle mission.

HSF 3-7



BASIS OF FY 1995 FUNDING REQUIREMENT

SAFETY AND PERFORMANCE UPGRADES

FY 1993 EY 1994
(Thousands of dollars)
Orbiter ImprovementsS....vievvrenreanranssansnnas 235,000 215.500
(Multifunction electronic display system) ..... (19.800) (33,600)
(Extended duration orbiter) ........ciiiuunnnnn (20.400) (24.100)
(Long duration orbiter) ......cviiiinnnnnnnnnss (7,400) (43.000)
(Reaction control system direct acting valve) . (--) (--)
(Fiber optics - payload bay) ........ccivvvnnn. (--) (12,000)
(Structural spares) ...cvvvviricninrrnannnnnnnas (35.000) (5.000)
(Other orbiter improvements) .................. (152,400) (97.800)
Space shuttle main engine upgrades.............. 320,300 287,900
(Alternate turbopump) ...vvviinirinnnnrennnnns (50.100) (54.000)
(Large throat main combustion chamber) ........ (2,600) (18.400)
(Space shuttle main engine health monitoring) . (--) (--)
(Other upgrades) ....ccvviiiriinrinnrennrennees (267,600) (215.500)
Solid rocket booster improvements............... 1.400 23,200
Super lightweight tank.................ccoaatt. -- 49,500
Launch site equipment upgrades.................. 80,100 81,700
(Hardware interface module cards) ............. (3,000) (5.600)
(Cable plant upgrades) .......cvcvvvvvvvnrnnnnnns (6,900) (10.000)
(Other upgrades) ...ovvvvinvnrrinnnrrnnnsrnnnnsns (70.200) (66,100)
Flight operations upgradeS........cccevvuveeenn. 121,100 107.700
Advanced solid rocket motor....... ... vviiirennn 195.000 179,700
Construction of facilities.........ccccivnnntn 178.100 33.500
L0 - 1.131.000 978.700

OBJECTIVES AND STATUS

FY 1995

191.800
(56.000)
(2,900)
(--)
(7.200)
(17,000)
(--)
(108.700)
380.500
(107.800)
(24.600)
(15.000)
(233,100)
51,600
80,700
76,100
(9.200)
(7.100)
(59.800)
110,900

12.300

903,900

Page
Number

CF 1-4 & 1-7

Safety and Performance Upgrades provides for development activities to improve Shuttle safety margins.

ensuring the sustained availability of existing capabilities. including replacement of obsolete systems for
the long-term viability of the Shuttle program. It also permits limited expansion of Shuttle capabilities
when required by specific customer flight requirements. In addition. funding is provided to meet
environmental requirements such as replacement of materials or site remediation. These requirements are

HSF 3-8



established by federal. state, and local laws and regulations. Included in this budget line are: orbiter
improvements necessary to support the Space Shuttle. development and testing of the Space Shuttle Main
Engine (SSME) to provide for increased flight safety, development of a super lightweight external tank to
provide additional payload lift capability, upgrades of equipment at the Kennedy Space Center (KSC),
equipment replacement and upgrades at the Johnson Space Center (JSC) to support mission operations.
completion of termination activities on the advanced solid rocket motor (ASRM), and construction of
facilities which support the Shuttle program.

So that the U.S. can maintain a viable manned transportation capability into the next century, specific
program investments are required. The Safety and Performance Upgrades budget provides for the necessary
improvements on the Shuttle needed to expand existing safety margins as well as to ensure continued safe and
reliable Shuttle operations by replacing obsolete systems whose failure rates are continually iIncreasing.
Improved flight turnaround times and reduced operational costs are also benefits of this program. These
improvements must necessarily be supplied as individual hardware systems experience problems or when vendors
will no longer manufacture or support older components. These requirements are increasing as the Shuttle
system ages and safer ways of operating the Space Shuttle become necessary.

The management approval process and vulnerability analyses ensure that improvements are evaluated and
approved on a priority basis across the entire Shuttle program. This process includes both the launch
vehicle projects (external tank, orbiter, Space Shuttle main engine) as well as supporting systems such as
the ground processing and mission support systems.

The schedule for development and installation of orbiter-related improvements is designed to take advantage
of the planned intervals when orbiters are scheduled to be taken out of service for structural inspections
and modifications. This plan provides for an orderly development and implementation program and minimizes
interruption of the flight program.

Orbiter improvements provides for necessary improvements, modification kits, and mission kits that enable
the orbiter fleet to satisfy flight requirements. The extended duration orbiter (EDO) development is funded
to increase the on-orbit duration from the baseline seven to ten days, enabling the Shuttle to support an
increased variety of payload requirements. Orbiter production activities include safety modifications,
capability improvements. and the development and installation of necessary hardware. software, and
procedural modifications for the orbiters, the Remote Manipulator System (rRMS) and the Extravehicular
Activity (EVA) capabilities. Work continues on improvements to achieve greater operational capabilities.
reduce operational costs, and meet system requirements. In addition, system level engineering analysis
tasks will expand safety margins and performance capabilities.

The EDO program provides the necessary capabilities to extend the on-orbit duration from the current
baseline of seven to ten days. This capability provides a cryogenic pallet system that can support a
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Spacelab-type flight for periods up to sixteen days. The initial pallet development was financed by
Rockwell. and funding is provided to complete the commercialization agreement in FY 1994. Logistics items
impacted by extended on-orbit operations. such as repair parts for fuel cells. are also included. Columbia
is the initial EDO vehicle. The first flight utilizing the pallet was in June 1992 on the United States
Microgravity Laboratory (USML-1) mission. The Ffirst sixteen-day mission is planned on USML-2 in FY 1995.
In 1994, a cryogenic pallet is being fabricated and to provide a capability to extend its on-orbit
capability beyond the sixteen-day b0 period. if required. In response to FY 1995 and outyear budget
constraints. and due to the earlier availability of the international Space Station. activities associated
with the development of the Long-Duration Orbiter (LDO) capability will be terminated. A portion of the LDO
funding will be retained, however. to provide for development of the Long-Life Fuel Cell (LLFC). The LLFC
is expected to increase the time between overhauls from an experience base of approximately 1500 hours to a
design life that approaches 10,000 hours. This LD0 subsystem has been retained for continued development
due to its contribution to lower logistics and overhaul cost, as well as iIncreased reliability.

The Multifunctional Electronic Display System (MEDS) upgrade will allow replacement of the 1970°"s display
technologies which are embedded in the orbiter cockpit. The current display system, which provides the
pilot and commander with vehicle flight control and with the interface to the orbiter data processing
system. is a single string electro-mechanical system. This system is proving to be particularly susceptible
to life-related failures. The upgrade will provide both a new architecture and the flight equipment to
enhance the reliability of the system and will resolve the parts availability problems. The new state-of-
the-art display system will bring the orbiter up to current aircraft standards which will have a direct
benefit on training of new astronauts while also providing the potential for enhanced information flow
during operations. The MEDS upgrade includes the design effort and the production of additional
modification kits for the four orbiter vehicles. New ground support hardware has also been designed and
will be procured and installed to upgrade the appropriate simulators, test equipment. and laboratories.

MEDS consists of two phases. Phase one will incorporate a multi-functional cathode ray tube display system
consisting of four display units, four data processors. and two panel assemblies. The first flight
utilizing these changes is planned in 1996. Phase two incorporates flight instrumentation and system status
meters including additional panel assemblies. display driver units, and other hardware. The first flight
incorporating these improvements is planned in 1998.

Systems integration tasks include the continuing development of the Program Compliance and Assurance System
(PCAS) which is a comprehensive Shuttle data base that examines failure histories across all the Shuttle
elements. Also included are contingency landing and abort analyses to support full utilization of existing
orbiter capabilities.

The SSME program provides for continued development and extensive testing of the Space Shuttle main engines.

The SSME program strives to improve operating margins by introducing safety, life extension. and
producibility enhancements. Program funds include procurement of spare hardware, personnel. and other

HSF 3-10



support needed to develop and test these enhancements. The SSME program also purchases replacement engines
to support the flight and ground test program.

The SSME program also funds development and certification activities to improve safety, reliability.
durability, and engine operating margins as well as to make the SSME easier to produce and maintain. The
major improvements currently in work are the single-coil heat exchanger. the Phase 11+ powerhead. the
Alternate Turbopumps (both liquid oxygen (LOX) and fuel), the Large Throat Main Combustion Chamber. and a
Health Monitoring System for the SSME. These improvements will effectively double the overall Shuttle
safety margins once they are completed.

The single-coil heat exchanger will substantially increase the safety of the engine by eliminating many
critical safety risks. The heat exchanger, mounted in the powerhead. uses the hot (800-900° F), hydrogen-
rich gas exiting the LOX turbine to convert liquid oxygen to gaseous oxygen for pressurizing the external
tank oxygen tank and the pogo suppression system. Even a tiny leak of oxygen into the hot hydrogen gas
would rapidly cause destruction of the engine. The single-coil heat exchanger has no welds exposed to the
hot gas flow, and has tube walls about three times thicker than in the current design.

The SSME powerhead is the backbone of the engine. It connects the two pre-burners powering the high-
pressure turbopumps with the main propellant injector through a hot-gas manifold and contains the heat
exchanger as well as the attachment points for the high pressure turbopumps and the main combustion chamber
(MCC). The current hot-gas manifold links the main injector to the fuel pre-burner with three ducts and to
the oxidizer pre-burner with two ducts. This configuration yields hot gas flows with non-uniform pressures
and velocities, as well as large pressure drops, conditions which place high dynamic loads on the main
injector elements and reduce engine performance. In addition, the significant pressure drop in hot gas flow
in the ducting from the fuel turbine to the main injector places large lateral loads on the sheet metal
structure in the high-pressure fuel turbopump. The current powerhead is constructed with a large number of
welds, many uninspectable. making it difficult to produce and raising concerns about quality, reliability,
durability, and safety. The Phase 11+ powerhead addresses the issues with the current design by using a
two-duct configuration between the fuel pump and the main injector to significantly improve the hot gas flow
characteristics. and by reducing the number of welds by 24%. leaving all remaining welds inspectable.
Testing on the Phase 11+ powerhead in company with the single-coil heat exchanger began in 1992. with
certification testing scheduled to be completed in mid-1995.

The SSME budget funds contractor test and engineering manpower and hardware. The hardware procured includes
spare parts for test engines, newly designed components like the two-duct hot-gas manifold and the single-
coil heat exchanger and new engines to replace those in the test fleet that reach their life limits. The
SSME project budget also includes NASA supporting engineering at the Marshall Space Flight Center (MSFC).
support contractor work at the Stennis Space Center (SSC), and test propellants at MSFC and SSC.
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The most challenging and potentially troublesome components of the SSME are the high pressure turbopumps.
Engine system requirements result in pump discharge pressure levels from 6000 to 8000 psi and turbine inlet
temperatures in excess of 2000°., In reviewing the most critical items on the SSME that could lead to a
catastrophic failure, fourteen of the top 25 are associated with these turbopumps. Moreover, the turbopumps
are difficult to manufacture and require extensive inspections and frequent removal for overhaul and retest.
Over the years. the current turbopumps have been the source of several flight delays and many ground test
failures. While remedies have been sought to address the continuing problems with the turbopumps.
management concluded in 1985. and independent outside technical review panels agreed, that a complete
redesign was necessary. This new design resulted in the alternate turbopump (ATP) program.

The ATP design incorporates state-of-the-art technology intended to address the shortcomings of the current
SSME high-pressure turbopumps. The pumps are precision cast with fewer parts, stiffer shafts, and better
bearings than the current pumps. The number of welds have been reduced from 769 to 7. All uninspectable
welds have been eliminated. With these improvements, the pumps will provide increased supportability.
greater safety margins, and a longer operating life than the current pumps.

A number of technical problems have plagued the liquid oxygen (LOX) pump, including turbine inlet cracking.
turbine bellows cracking, high synchronous vibration anomalies and ball bearing wear. Design improvements
have been implemented and successfully demonstrated. These problems have required numerous pump rebuilds
and engine testing to resolve. The ATP LOX pump testing has accumulated over 40.000 seconds of development
time in engine systems testing at the SSC. The critical design review has been successfully completed and
certification testing will begin early in 1994. Testing has included nominal mission duration and power
level, as well as abort duration (fourteen minutes) and 109% power level. Consistent with direction
contained in the House Report 102-226, NASA assessed the merits of continuing development of the Alternate
Fuel Pump. Development activities on the fuel pump were suspended so that efforts could be focused on the
LOX pump. Now that the LOX pump efforts have been successful. NASA is prepared to report results of the
effort to Congress and seek approval to resume development efforts on the fuel pump. Based on the current
schedule, assuming Congressional approval, this resumption would occur in FY 1994. First flight using the
LOX pump is planned for June 1995 and the first flight using the fuel pump is scheduled in FY 1998 (along
with the Large Throat Main Combustion Chamber),

The SSME's staged combustion cycle and high main combustion chamber pressure (-3000 psi) result in extremely
stressful internal operating conditions, such as high turbine discharge pressures and temperatures, and high
turbopump shaft speeds. In order to alleviate these conditions, the Large Throat Main Combustion Chamber
(LTMCC) was initiated In FY 1993. The LTMCC differs from the current Main Combustion Chamber (MCC) in
several ways. The throat diameter is increased 11%6vhich lowers the chamber pressure by 9%. The contour of
the chamber also allows an increase in the number of coolant channels, thereby reducing the operating
temperature of the hot wall inside the MCC and increasing the MCC's life as well as reducing the potential
for pin hole leaks and coolant channel cracks. While use of the LTMCC configuration at 104% of its rated
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power level (RPL) is equivalent to using the current MCC at 100% RPL. the operating conditions discussed
above are lowered by as much as 10% in some cases. This improvement. coupled with ongoing SSME upgrades. is
expected to improve the Shuttle safety margins by a factor of two. The development program consists of four
units for testing purposes along with the purchase of the necessary units for fleet retrofit. The LTMCC
program also includes the required modifications to the other elements of the SSME as well as incremental
support required by the test program. A first flight utilizing the new LTMCC is planned for FY 1998.

A health monitoring system for the SSME is proposed for initiation in FY 1995 to improve both safety and
launch reliability by replacing obsolete sensors as well as providing a more integrated system to monitor
engine performance and health. The basic strategy is to minimize the potential for an on-pad or inflight
abort resulting from a single instrument or control component failure. Engine health monitoring will allow
the controller software to distinguish a real engine performance degradation from a sensor or control
monitoring anomaly. Changes being evaluated for the Block I1E controller include single actuator
switchover. response rate and dynamic sensor qualification, dynamic engine modeling allowing ''smart
redlines". adaptive control capability, and radiation hardened memory.

Solid rocket booster (SRB) improvements include static test firing of redesigned solid rocket motors (RSRM)
to certify new subsystems for flight, to obtain engineering data on motor performance, and to reclaim
reusable hardware needed for the flight program. In addition funding is provided to develop and certify for
flight asbestos-free insulation by 1997. In the wake of the canceled ASRM. other environmental improvements
will also be required by the RSRM program. This program funds the establishment of a new nozzle fabrication
and refurbishment capability at luka. Mississippi (Yellow Creek) to utilize new and modern facilities made
available by the termination of the ARM project. A ninety-day study is being performed in early 1994 by
the MSFC and Thiokol. Inc. to establish the specifics of the alternate uses of the infrastructure at Yellow
Creek. This study will consider modifications to facilities, equipment, and other requirements as well as a
potential capital investment by Thiokol in equipment and facilities. Congress will receive a full
description of the study results. the proposed agreement, and a more detailed outline of the legal
relationship between the government and the contractor prior to proceeding. This proposal will provide for
the upgrade of the RSRM manufacturing process, provide for a return on the government®"s investment in the
Yellow Creek site, and mitigate the economic impact on the region from the ASRM termination. The SRB
improvement activities also provide for modifications to booster hardware and ground support equipment.

The super lightweight tank funds the development of a lighter external tank using an aluminum lithium
material that has been proven mature. The incorporation of the aluminum lithium alloy in the external tank
would provide the Shuttle program with an opportunity to decrease Shuttle vehicle launch weight by 8000
pounds. This reduction can be used to place payloads in higher orbits or into orbits at a higher
inclination to the equator. The super lightweight tank will take about forty-four months to develop and
thus will be available to support the first element launch of the Space Station. The proposed schedule
includes the time required for the remaining development effort, the design effort, the test of a tank

HSF 3-13



dedicated for structural verification, the build of the Ffirst super lightweight flight tank, and all the
component requalification necessary for assurance that the super lightweight tank has all the integrity of
its predecessor.

The launch site equipment upgrades budget funds investments in ground facilities at the launch site at the
KSC to replace obsolete systems. to improve process efficiency, and to support the planned flight rate.

The major operational Space Shuttle facilities at ksC include three Orbiter Processing Facilities (0PFs),
two launch pads. the Vehicle Assembly Building (vaB), the Launch Control Center (LCC), and three Mobile
Launch Platforms (MLPs). These facilities support the pre-launch and post-landing processing of the four
orbiter fleet. Key enhancements funded in launch site equipment include: implementation of a digital
operational intercom system (DOIS); replacement equipment for the Launch Control Center. and improved
Checkout. Control. and Monitoring System (CCMS 1I): replacement storage tanks and vessels for the
propellants, pressurants. and gasses: an improved hazardous gas detection system (HGDS II); Fiber optic
cabling: and installation of a new orbiter ground cooling system.

The hardware interface module (HIM) cards at KSC are now obsolete and have caused an increased failure rate
and repair cost over the past several years. The HIM upgrade will replace all chassis and cards with state-
of-the-art "off the shelf" hardware to improve system reliability and maintainability. Design reviews have
been completed and procurement was initiated in FY 1993. Installation should be completed by FY 1998.

The cable plant upgrade at KSC has been initiated to replace the miles of cables which support a wide
variety of Shuttle facilities. Many of these cables were installed in the 1960s and are beginning to suffer
increasing failure rates. Replacement will reduce the potential for disruption to critical Shuttle
operations as well as have a direct maintenance benefit. This activity will reduce the possibility of
launch delays, increase communication system spares availability, and enhance the reliability of data,
instrumentation, voice, and video communications. This upgrade will replace the wideband distribution
system and the lead/antimony sheath cables with fiber optics and plastic sheath, gel-filled cable. In
addition, many field terminations will be replaced or upgraded as well as the manhole system. Other
obsolete cable systems will also be replaced with current technology.

The flight operations upgrades budget funds JSC projects to improve capabilities or replace obsolete
equipment such as: the Control Center Complex (CCC) equipment upgrade: the flight and ground support
training facility improvements: and the flight design systems enhancements. Necessary improvements are
being made for simulation training in both the Integrated Training Facility (ITF) and the CCC. The ITF
upgrades include new host computers, interface hardware and simulator subsystems. The CCC will have
improved console operations and communication equipment as well as new data processing and distribution
systems. Critical reliability required for the longer integrated simulations will be substantially improved
with these replacements. Also. associated maintenance costs will be reduced.
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Other activities funded include implementing required modifications and upgrades on the T-38 aircraft used
for space flight readiness training, modifications needed for the replacement Shuttle Training Aircraft
(STA) , capability improvements for weather prediction, and enhancements on information handling to improve
system monitoring, notably for anomaly tracking.

As directed in P. L. 103-124, NASA has taken action to terminate the Advanced Solid Rocket Motor (ASRi{)
program. Although a final determination has not yet been made as to the total funding required for
termination costs. the total amount is currently estimated to be in excess of $200 million, requiring the
application of additional funds in sxcess of the $100 million identified for termination costs in the

FY 1994 NASA appropriation.

Construction of facilities (CofF) for Space Shuttle projects. which were previously included in a separate
appropriation. are now part of the safety and performance upgrades budget. The FY 1994 and FY 1995 funding
is provided to refurbish, modify, replace and restore facilities at each of the OSF centers to improve
performance and to insure their readiness to launch the Space Shuttle. For example, at KSC the cooling and
electrical systems of launch complex-39 (LC-39) will refurbished. At JSC. the mission control center®s air
handling system must be replaced as must the thermal vacuum helium refrigeration system. Funding for
facilities will henceforth be prioritized along with other program funding priorities.

BASIS OF FY 1995 ESTIMATE

Safety and Performance Upgrades encompasses Shuttle system improvements which will ensure safe and reliable
performance and to expand existing safety margins. Included in the FY 1995 estimate are the Multifunctional
Electronic Display System (MEDS). EDO. fiber optics to replace heavier copper cabling in the orbiter”"s
payload bay, and other modifications to the orbiter. The FY 1995 estimate also funds SSME upgrades.
improvements to the SRB and RSRM, and the development of a super lightweight external tank. Finally. this
budget line supports launch site upgrades and flight operations upgrades in FY 1995. as well as construction
of facilities required for the successful operation of the Shuttle program.

In FY 1995. the MEDS prime contractor and its subcontractorswill continue to build prototype units in
preparation for systems integration testing to be completed in FY 1996. Following this testing, the system
will be ready for its first use. The MEDS installation and checkout in the orbiter fleet will occur during
the normal in-line flow process at the KSC.

The orbiter improvements estimate supports the continuing development and implementation of improvements to
the orbiter fleet for the enhancement of safety and performance, as well as economy of operations. Tasks to
be continued in FY 1995 include continuing analysis of the external tank debris experienced during
separation, upgrades to the rate gyro assembly which are also used in the SRB, and various orbiter support
tasks such as Orbiter Maneuvering System/Reaction Control System (0MS/RCS) testing at White Sands, New
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Mexico, modifications to the Remote Manipulator System (RMS), and support to the crew escape system.
Replacement of the copper cabling in the payload bay with fiber optics will save approximately 1200 pounds
per orbiter.

Development of a new long-life fuel cell will continue in FY 1995. Not only is a longer life fuel cell a
key factor to ensure extended on-orbit operations, but also it lessens the frequency of changeouts and
lowers overall maintenance, particularly if an external airlock is ultimately used.

The SSME upgrades are necessary improvements to expand existing safety margins and reduce operational costs.
The FY 1995 projects include the alternate turbopump program (ATP). the large throat main combustion chamber
(LTMCC). the SSME health monitoring system. and engine production testing and certification at the MSFC and
the SSC.

The ATP funding in FY 1995 supports development and certification testing of the high pressure liquid oxygen
(LOX) pump, with certification expected to be completed by mid-1995. Its first flight also will occur in
FY 1995. The ATP implementation funding permits procurement of LOX pumps to outfit the engine fleet. The
ATP fuel pump development funding is also included. Assuming Congressional approval in FY 1994. first
flight is scheduled for 1998.

Since the first of four LTHCCs will be fabricated and used for hot-fire development testing in FY 1994. the
FY 1995 funding will support the production of the other three units which are expected to be delivered in
FY 1995.

The FY 1995 marks the start of upgrades to the SSME Health Monitoring System. Delivery of seven flight
units is expected between July 1996 and August 1997. The preliminary design review schedule remains to be
determined. Major milestones including the critical design review, testing, etc. will be achieved prior to
committing to a production schedule.

The SSME production funding in the FY 1995 budget supports the continued development, testing. material
procurement, fabrication, and engine assembly operations necessary to support the flight and ground test
programs. The SSME ground test program is based on an average test rate of eight tests per month (460
seconds duration) through FY 1995. Fiscal Year 1995 marks the end of fabricating replacement flight engines
lost through attrition. The remaining production effort will concentrate on producing improved components
and spare engine hardware elements. The primary purpose of this testing is to develop and flight-certify
improved components like the Phase 11+ powerhead (two-duct hot-gas manifold). the single-coil heat
exchanger, and the Alternate Turbopump. Ground testing will also be performed on all new or recycled flight
hardware prior to government acceptance. Other testing will be performed to provide hot-fire experience and
increase life limits of flight-configured engines. With the completion of certification testing on the
single-coil heat exchanger and the Phase 11+ powerhead. as well as the stabilization of the engine design,
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the SSME program is scheduled to close out one of the three test stands (test stand B-1) now in use at the
SSC after FY 1995. The two remaining stands will be used for acceptance tests of new and recycled hardware.
for flight certification of upgrades such as the Large Throat Main Combustion Chamber (LTMCC), and for tests
to extend hardware life limits.

The FY 1995 funding for SRB improvements supports continued efforts to improve the safety and producibility
of the SRB. including the RSRM. Due to the termination of the ASRM. an asbestos-free RRM will be
implemented in 1997. The FY 1995 RRM funding will provide for motor ground tests and for disposal of
filament wound cases which had been produced and filled with propellant in the mid-1980°s before the
termination of the lightweight composite case effort. In addition, the budget supports RSRM and SRB project
support activities at the MSFC.

With the termination of the AsrM program. alternate uses for the Yellow Creek site are being explored. The

FY 1995 estimate assumes that the RRM nozzle fabrication work will be moved from Utah to luka. Mississippi.
As previously stated, NASA will provide Congress with the results of the ongoing ninety-day study for use of
the facility prior to proceeding in FY 1994.

Development of a super lightweight external tank, made of an aluminum lithium alloy. will begin in FY 1994.
In FY 1995, development will continue as design reviews are scheduled to be completed and fabrication is
planned to begin in FY 1995. Delivery of the first flight unit is scheduled In time to support the Space
Station First element launch schedule.

Funded in the Launch Site upgrades, HIM card hardware production units will be delivered to KSC and
installation will be initiated and continued through FY 1995.

At KSC. the launch site equipment program funds the required upgrade of the Control. Checkout. and
Monitoring System (CCMS II) in FY 1995. The CCMS II is part of the launch processing system that performs
the real-time checkout, control, and monitoring for Shuttle processing. The current system is over twenty
years old and has gone without any major technology upgrades for almost fifteen years. The CCMS I1 is
currently in the installation phase in the processing control centers. The development should be complete
by 1996 and full implementation is planned in 1998. In addition, other necessary upgrades and equipment
replacements will be continued such as the orbiter ground cooling system, improved hazardous gas detection
system, and improvements to the launch computer complex.

The flight operations upgrade funding in FY 1995 supports major equipment upgrades in the Control Center
Complex (ccC) at the JSC. Fiscal Year 1995 will bring the replacement of aging equipment, such as the data
processing and distribution system. Major system upgrades in the Integrated Training Facility (ITF) will
continue with the acquisition of host and base interference computer replacements for the fixed and motion-
based simulators. Associated software rehosting efforts and planning towards replacement of the instructor
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operator stations will take place as well. The FY 1995 costs include replacing one Shuttle Training
Aiteraft (STA) and continuation of STA modifications. Funding supports the continuation of avionics
upgrades to the fleet of T-38 aircraft as well as landing aids at the contingsncy/abort landing sites.

addition, the T-38s are undergoing structural and safety upgrades to prolong the aircraft service life
through the auspices of the Air Force T-38 Pacer Classic program.

In

In FY 1995 under Construction of Facilities. replacement of the fire extinguisher system on launch complex-

39 is planned, as is replacement of the launch processing component refurbishment facility (see Mission
Support - Construction of Facilities budget for detailed information).
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Payload and Utilization
Operations i




HUMAN SPACE FLIGHT

FISCAL YEAR 1995 ESTIMATES

FY 1993

Spacelab.....coviiiii i e e e 112,800
Tethered satellite system........cvovvvvrrrrnnnnns 4,000
Payload operationS......covvveiurrennrrnnnrnnnns 95.200
Advanced pProJecCtS.....cuvcevrrennrennrnnnnsnnnns 16,100
Engineering and technical base.................. 214.200
L0 1 = 442,300
Johnson Space Center.....covvvviiinrrnnnnnnnnns 131,800
Kennedy Space Center.......ccvvvvrnnnrrcnnnrnnns 150,000
Marshall Space Flight Center..........c..cvvuvuuns 124.100
Stennis Space Center.....coevvirrrennrrrnnnnnnns 6.500
Langley Research Center.......ccovveiennnnnnnnnss 300
Lewis Research Center.........ciiiiiiiiinnnnnnns 200
Goddard Space Flight Center.........c.vvieevvnnnn 14,400
Jet Propulsion Laboratory ........covvvvvvvnnnnns --
HeadquartersS....ovcvriirrnnrnnransanrensnnnsnnss 15.000
L0 = 442 .300

OBJECTIVES AND JUSTIFICATION

PAYLOAD UTILIZATION AND OPERATIONS

FY 1994
(Thousands of dollars)

125,500
7.400
92,100
7,200
180.400

412,600

121.900
120.800
131,800
2,400
300

100
8.900
100

26,300

412,600

FY 1995

92.300

9.700
62,600

15.200
176,400

356,200

103,800
98,700
136,000
1,800

9,800

6.100

356,200

———

Page

Number

HSF 4-3
HSF 4-6
HSF 4-8
HSF 4-9

4-1

HSF 2

The principal areas of activity in Payload Utilization and Operations include the operation of the Spacelab
systems with some continuing development activities: a cooperative reflight of the U.35./Italian tethered
satellite system (Tss); Payload Operations for accommodating NASA payloads: advanced projects: and the
preservation of an Engineering and Technical Base capability at the manned space flight centers.
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Spacelab and the Spacelab carrier systems were developed jointly by NASA and the European Space Agency

(ESA). The Spacelab. a major element of the Space Transportation System (STS), provides a versatile.
reusable laboratory which is flown to and from Earth orbit in the orbiter payload bay. The Spacelab carrier
systems include pallets which provide payload mounting and support services (pointing. computer control
system, data processing. power. cooling, =tc,) for attached payloads outside the pressurized environments of
the orbiter and Spacelab module. The Spacelab and carrier systems®™ development continues with a
recertification program to insure flight safety, hardware procurement to support the flight program, and
necessary upgrading of obsolete hardware to current technology.

The TSS, a joint U.3./Italian development effort. was flown in August 1992. The objectives of the initial
TSS mission were twofold: (1) to verify the controlled deployment, operation, and retrieval of the TSS. and
(2) to study the space plasma effects of electrical power generated by the conductive tether as it
intersected the Earth"s magnetic field. A mechanical interference prevented deployment to the twenty
kilometer distance desired and, therefore, the major high voltage science was not obtained. NASA has
completed a study with the Italian Space Agency on the technical and programmatic feasibility of reflying
the TSS and, consistent with commitments to the Italian Space Agency, NASA will refly the TSS-1 mission.

The current manifest opportunity is early 1996.

The payload operations program develops and places into operational status the ground and flight systems
necessary to support NASA Shuttle payloads during prelaunch processing, on-orbit mission operations and.
when appropriate, post-landing processing. Included within this program are the unique requirements for
individual NASA payloads which use the Shuttle, multimission payload support equipment, and integration
activities for the Shuttle.

Advanced projects conducts concept feasibility studies, selected systems definitions and preliminary design
(Phase B) studies. and undertakes related high leverage advanced development activities providing the
technical and programmatic data to identify evolving space transportation and systems requirements and to
evaluate new technical capabilities. Activity is focused on two major areas: advanced operations support
and advanced space systems. Planning in these areas includes activities to assess performance, reliability
and operational efficiency improvements, and to reduce future program risks and development costs through
‘the effective use of new technology.

The engineering and technical base preserves a fundamental scientific and technical core level capability
for engineering services: independent safety, reliability, maintainability, and quality assurance (SRM&QA)
oversight activity: mathematical and computer sciences activity: and various laboratories and facilities
required by a wide variety of NASA programs at the Johnson Space Center (JSC), the Kennedy Space Center
(kSC), the Marshall Space Flight Center (MSFC), and the Stennis Space Center (SsC).

HSF 4-2



BASIS OF FY 1994 FUNDING REQUIREMENT

SPACELAB
Ey 1003 ~ EY 1994  FY 1995
(Thousands of dollars)
Spacelab. ......... .. 112,800 125,500 92,300

OBJECTIVES AND STATUS

The Spacelab is a versatile. reusable facility designed for installation in the cargo bay of the Orbiter.
Spacelab can serve as both an observatory and a laboratory, 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 (ESA). have participated in this joint development program with
NASA. The ESA designed, developed. produced. and delivered the first Spacelab hardware consisting of a
pressurized module and unpressurized pallet segments: an igloo which is used with pallets to supply services
essential to the experiments: an instrument pointing subsystem (IPS): and much of the ground support
equipment and software for both flight and ground operations.

There are two basic Spacelab configurations: modules and pallets. This hardware can be set up in a number
of different configurations depending on the particular application. including using both a module and a
pallet 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. stc¢.) 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 middzck 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) series of 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. If pallets
are flown without a module. essential subsystems can be carried in an "igloo" which provides a pressurized
and thermally-controlled environment for the subsystem equipment. The igloo 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 (SPsS). One supports missions requiring the use of the Spacelab
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computer system and pallet in a mixed cargo configuration like the Atmospheric Laboratory for Applications
and Science (ATLAS) missions. The other version, the Enhanced Multiplexer/demultiplexer Pallet (EMP) ,
supports missions such as the tethered satellite system (TSS) and the Space Radar Laboratory (SRL) 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 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.

Spacelab operations support 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 1V provides for
the integration and checkout of experiment equipment with individual experiment mounting elements like racks
and pallet segments, and i1s funded by the payload sponsor. 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 for check out with the Spacelab software. This
activity is done at KSC and is funded under the Spacelab budget. Level I integration takes the Spacelab and
its payload, for integration and checkout with the Shuttle orbiter. Level | integration is performed by
both the Spacelab contractor and the Shuttle Processing Contractor (SpC). The Spacelab budget funds that
portion of Level 1 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 the Get-Away Specials (GAS) and
Hitchhiker payloads. The GAS payloads are research experiments which are flown in standard canisters and
can fit either on the sidewall of the cargo bay or across the bay on a GAS bridge. They are the simplest of
the small payloads with limited electrical and mechanical interfaces. To date, ninety-seven GAS payloads
have been flown and thirty-three are in preparation. The Hitchhiker payloads are the more complex of the
smaller payloads: they provide opportunities for larger, more sophisticated experiments. The Hitchhiker
system employs two carrier configurations: (1) an orbiter payload bay side wall configuration and (2) a
cross payload bay configuration that uses a Multi-Purpose Experiment Support Structure (MPESS). During the
mission. the Hitchhiker payloads can be controlled using the aft flight deck computer/standard switch panels
or on the ground through the Payload Operations Control Center. Four Hitchhikers were flown in FY 1993 and
additional flights are planned in FY 1994-FY 1995. such as the International Extreme Ultraviolet (IEU-1) and
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Capillary Pump Loop/0Orbital Debris Radar Calibration Spheres Project (CAPL/ODERACS). In addition.
Hithchiker-Junior (HH-JR) hardware is being developed in Fy 1994 to fly payloads that are more complex than
GAS but less complex than Hitchhiker. The HH-JR will provide an intermediate range of services such as
pointing and crew operations.

Another item funded in Spacelab operations is the Flight Support System (FSs). 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 the Hubble Space Telescope (HST)
repair/revisit mission.

In Fy 1993 one Spacelab module mission was successfully completed -- the partially reimbursable German
Spacelab mission (SL-D2), Six additional missions utilized Spacelab and Shuttle carriers. including the
Atmospheric Laboratory for Applications and Science (ATLAS-2). the United States Microgravity Payload
(UsMp-1) and four Hitchhiker missions. In Fy 1994 two Spacelab module missions are planned -- the Space
Life Science Laboratory-2 (SLS-2) and the International Microgravity Laboratory-2 (I¥L-2). In addition,
four other missions utilizing Spacelab carriers will fly: USMP-2. SRL-1. SRL-2, and Lidar In-space
Technology Experiment-1 (LITE 1). Along with these major missions are numerous smaller Spacelab carriers
such as Hitchhikers and Get-Away Specials.

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 NA3SA-
developed hardware and for hardware developed by U.S. companies under contract with ESA will continue
throughout Fy 1994 as will operation of the depot maintenance program.

BASIS OF FY 1995 ESTIMATE

The Fy 1995 Spacelab program funding reflects the program requirements to conduct Spacelab missions
consistent with the manifest. Missions to be flown in Fy 1995 include ATLAS-3. ASTRO-2. and USML-2. In
addition, a Spacelab Life Science mission will dock with the Russian Space Station Mir (SL-¥) and Spacelab
will support two Hitchhiker payloads and two GAS bridges. Efforts will continue to process payloads for the
Russian follow-on missions to Mir beginning in late 1995. Efforts are underway to decrease Spacelab
operational costs by realigning. where appropriate. work previously performed by mission support contractors
to performance by civil servants. by reducing documentation requirements and reviewing logistical support.
All Spacelab requirements and services in support of the cooperative missions to the Russian Mir Space
Station are budgeted within the Russian Cooperation program.
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BASIS OF FY 1995 FUNDING REQUIREMENT
TETHERED SATELLITE SYSTEM

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Tethered satellite system-1........cvvviinnnnnns 4,000 -- --
Tethered satellite system reflight, - - 7 .400 9.700
Total ... i s T 4,000 7,400 9.700

OBJECTIVES AND STATUS

The tethered satellite system (TsS) was developed as a cooperative program with Italy to provide a reusable
space facility for conducting space experiments at distances up to 100 kilometers from the Shuttle orbiter
while being held in a fixed position relative to the Orbiter. During the demonstration mission flown in
August 1992, the TSS verified its capability to provide a dynamically stable research facility. but a
mechanical interference prevented completion of the science mission. In response to an ltalian Space Agency
request to refly the mission, NASA conducted a reflight study, including an independent assessment of NASA"s
future use of tethered satellites. The study concluded that a reflight mission could be readily
accomplished and recommended several improvements to enhance the probability of success. The independent
assessment identified a number of significant and unique science and engineering objectives which could be
accomplished using tethered satellites. and urged the continued development and utilization of the tethered
technology. NASA, in response to the request from the Italian Space Agency, has agreed to refly the TSS-1
mission. The current manifest opportunity is early 1996.

The U.S. is responsible for overall program management, overall systems engineering and integration, orbiter
integration, ground and flight operations, development of the deployment mechanism and provision of the non-
European instruments (Office of Space Science funded). The Italians are responsible for the design and
development of the satellite and the European instruments being flown on the joint mission.

BASIS OF FY 1995 ESTIMATE

The EY 1995 tethered satellite system reflight funding will be used for the TSS Shuttle integration effort.
developing a plan for the mission, and training for the mission operations. The funding level is based on
using Marshall Space Flight Center civil servant personnel to a far greater extent than was the case for the
first mission. About $2.5 million of the FY 1995 budget will be used to purchase the ground support
equipment capitalized by the prime contractor.
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BASIS OF FY 1995 FUNDING REQUIREMENT
PAYLOAD OPERATIONS

FY 1993 FY 1994 EY 1900
(Thousands of dollars)

Payload operationS......cvevurrannrrnnssnnnsnnns 95,200 92,100 62,600
OBJECTIVES AND STATUS

The Payload Operations program provides payload services which are required beyond the standard Shuttle
Services for NASA missions and reusable support equipment for all payload operations. These optional
services include: (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
(srs) above the standard service: (4) extra shifts required in the Shuttle Engineering Simulator (SES) or
any other facilities to satisfy the customer requirements: (5) payload-related Extravehicular Activity (EVA)
above the standard service: (6) special training or use associated with operation of the Remote Manipulator
System (rRM3); (7) special services between the Payload Operations Control Center (POCC) and the Mission
Control Center (#CC); and (8) any special analysis, testing, or other service not normally included in the
standard Shuttle service.

Payload support equipment is included in this program supporting 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 equipment includes fiber optic cabling and an upgraded operations intercom system in the industrial
area at the Kennedy Space Center (Xsc) to provide increased flexibility and quality of data transmission
among the various payload facilities. Payload operations, maintenance and logistics support are provided to
cargo support equipment, such as cargo integration test equipment and multimission support equipment. and to
the payload support areas, such as the Vertical Processisng Facility, the Operations and Checkout Building
and cargo hazardous servicing facilities.

BASIS OF FY 1995 ESTIMATE

The FY 1995 Payload Operations funding supports payload services and mission unique integration for
schedulled NASA missions. Funding for multimission payload support equipment provides a contractor workforce
to process payloads and provide payload integration and testing support. In addition, funding supports
continued upgrades to the fiber optic cable plant. Payload launch support provides launch site managers to
payload customers and allows verification of the cargo-to-orbiter interface for current missions. Major
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NASA missions with FY 1995 funding requirements include the FY 1995 flights of ASTRO-2. the United States
Microgravity Laboratory (USML-2), the ATLAS-3: FY 1996 flights include the Tethered Satellite System
reflight. United States Microgravity Payload-3 (USMP-3). and the Orbiting Retrievable Far and Extreme
Ultraviolet Spectrometer - Shuttle Pallet Satellite-2 (ORFEUS-3PAS-2). Funding also provides for services
to future manifested missions, including the Microgravity Science Laboratory (MSL-1) and USMP-4 missions.
All payload operations requirements and services in support of the cooperative missions to the Russian Mir
Space Station are budgeted within the Russian Cooperation program.
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BASIS OF FY 1995 FUNDING REQUIREMENT
ADVANCED PROJECTS

FY 1993 EFY 1994 EY 1995
(Thousands of dollars)

Advanced pProJeCtS.....cvvrevurennrrnnrrnnnrnnnns 16,100 7.200 15,200
OBJECTIVES AND STATUS

The advanced projects budget includes the development of advanced technologies benefiting both space
operations and space systems. The advanced operations program continues pursuit of its goal of reducing the
cost of ground and mission operations of the Space Shuttle and Space Station through the introduction of
advanced technologies into the operations environment. Achieving the budget reductions reflected in the
Space Shuttle Operations and the Space Station Operations budgets is dependent on successful implementation
of the advanced operations projects. Estimated cost savings through the introduction of advanced operations
projects into human mission operations are realized through reduced manpower for mission operations computer
support, orbiter process scheduling, and software verification. Other advanced operations projects will
significantly reduce the cost of processing the orbiter, training astronauts for the various missions, and
scheduling mission simulations.

The advanced space systems program includes the orbital debris program and a series of flight experiments in
the following areas: system enabling flight demonstrations. orbital debris. and tether applications.

Flight demonstrations also provides training for young NASA engineers and managers with early '‘hands-on"
flight hardware experience. Since FY 1993. a total of five successful flight demonstrations were conducted.
The Fluid Acquisition and Resupply Flight Demonstration (FARE-1). the Fluid Acquisition and Resupply Flight
Demonstration (FARE-2), and the Superfluid Helium On-Orbit Transfer (SHOOT) flight demonstration were flown
on the Space Shuttle. The FARE flight demonstrations were utilized to obtain essential low-gravity fluid
transfer data that are applicable to Space Station to increase the efficiency of fluid transfer operations
and by the Space Shuttle to increase the safety and efficiency of extended duration flights. This data will
also be useful in increasing the effectiveness of fluid transfers by unmanned space systems thus decreasing
the cost of these programs. The SHOOT flight demonstration not only demonstrated the feasibility of
superfluid helium transfers on orbit at operational rates. but it also set the precedent for cryogenic
payload safety on both Space Shuttle and Space Station. The hardware, software and operational procedures
developed as part of the SHOOT flight demonstration will result in future cost savings to other microgravity
payloads. The SHOOT cryogenic hardware components have already become industry standards.
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The Small Expendable Deployer (SEDS-1) flight demonstration. and the Plasma Motor/Generator (PMG) Flight
demonstration were tether applications experiments that were flown as secondary payloads aboard Delta II
launch vehicles. The SEDS flight demonstration proved the technology readiness of these low cost and safe
systems which have promising applications for the routine deorbiting of Space Station materials and
emergency medical samples as well as the placement of instruments into the upper atmosphere. SEDS-1 also
demonstrated the feasibility of using these low cost tether applications test beds for improving the
efficiency of in-space operations. The PMG flight demonstration proved the ability of the proposed Space
Station plasma grounding techniques for maintaining the electrostatic potential between the Space Station
and the surrounding plasma medium. The PMG also demonstrated the ability to use electrostatic tethers to
provide thrust to offset drag in low-Earth orbit (LEO) space systems. PMG also demonstrated the use of
direct magnetic (non-rocket) propulsion for orbital maneuvering.

The orbital debris program is directed at measuring the orbital debris environment, developing debris growth
mitigation measures, and enhancing spacecraft protection and survivability. A total of 2000 hours of debris
environment observations reduced the uncertainty in that environment from 300% to approximately 50%. In
addition, the First survey of the orbital debris environment at geostationary altitudes was initiated. The
orbital debris environment data provided to Space Station enabled the development of cost effective shields
to increase the design efficiency of the Space Station in protecting against the orbital debris environment.
These continuing environmental measurements are the basis for studying and understanding future orbital
debris mitigation measures which will result in lowering the cost of, as well as improving the safety of,
Space Station and Space Shuttle operations. This data also provided the necessary inputs to the Space
Shuttle for the development of flight rules which not only increase the safety on long-duration Shuttle
missions but also result in minimum damage due to orbital debris, thereby decreasing the Space Shuttle
refurbishment costs resulting from orbital debris damage. Geostationary orbital debris data is being
utilized to develop cost effective debris mitigation techniques to protect vital geostationary assets.

BASIS OF v 1995 ESTIMATE

Advanced operations efforts will continue to identify and demonstrate technologies which will improve
efficiency, flexibility, and reliability of current and future human space flight 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 FY 1995 budget
request will permit level-of-effort funding for several cost effective technologies including the ground
processing scheduling system and several computer software systems tools to more efficiently conduct Shuttle
ground and launch operations.
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Advanced space systems emphasis will be placed on the demonstration of transportation and Space Station-
related flight systems. During FY 1995. work will proceed on the Students for the Exploration and
Development of Space Satellite (SEDSAT) tether applications flight demonstration as well as elements of the
six projects selected as part of the fourth call for flight demonstrations. There are the Low Poer lon
Propulsion Technology Validation, the Metals Processing in Space Using the Ukrainian Universal Hand Tool,
the collection or orbital debris on Mir. the Dexterous Orbiter Servicing System, the Static Feed Water
Electrolysis Flight Demonstrations, and a ground-based Automated Rendezvous and Docking experiment. Orbital
debris activities will be focused on characterizing chanages in the orbital debris environment as a function
of time and establishing measures for mitigration of debris growth trends and spacecraft protection

techniques.
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BASIS OF FY 1995 FUNDING REQUIREMENT
ENGINEERING AND TECHNICAL BASE

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Engineering and technical base.................. 214.200 180.400 176.400

OBJECTIVES AND STATUS

The objective of the engineering and technical base (ETB) program is to preserve a fundamental scientific
and technical core level capability for the Office of Space Flight (03F) centers: Johnson Space Center
(Js¢) including White Sands Test Facility (WSTF). Kennedy Space Center (KSC)., Marshall Space Flight Center
(MSFC). and Stennis Space Center (SsC). This capability preserves scientific and technical knowledge and
testing technology in the science and engineering laboratories including technical and testing facilities.
The ETB consists of five interrelated functions: science and engineering laboratories and technical
facilities: engineering computation facility Class VI supercomputers: independent safety. reliability.
maintainability and quality assurance (SRM&QA) activity: engineering laboratory services such as
instrumentation and calibration. fabrication, documentation/image processing/visual information. non-
destructive evaluations to complement the S&E tasks: and the automatic data processing (ADP) operations and
equipment activity to accomplish essential mathematical and computer sciences tasks for S&E operations.

The ETB program provides personnel and materials for research and test operations in crew and thermal
activity, tracking and communications, navigation and control, flight data systems. propulsion and power
systems, automation and robotics, structures and mechanics, systems engineering, space and life sciences.
SRM&QA oversight functions, operation of the technology test bed (TTB) at MSFC. and engineering
computational facility Class VI supercomputer operations. At JSC. ETB funding provides for the JSC ADP
operations, equipment and supplies associated with the Center®s systems and network. the central computing
facility, and the Integrated Software Technology Laboratory (ISTL). The ETB also provides the KSC launch
site with operations critical to scientific, engineering and technical labs and facilities. In addition to
these development efforts. operations support also provides crucial engineering laboratory services such as
instrumentation calibration. non-destructive evaluation, and chemical sampling and analysis. The ETB
program funding preserves and provides ongoing maintenance critical to specialized technical facilities and
equipment in the laboratories and facilities at the Centers.
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BASIS OF FY 1995 ESTIMATE

The FY 1995 engineering and technical base funding will preserve minimal support to crew and thermal
activity: tracking and communications activity: navigation and control: flight data systems: propulsion and
power activity: automation and robotics. structures and mechanics: systems engineering: basic maintenance
and operations of propulsion test stands and laboratory operations: and maintain minimal scientific.
engineering and technical operations at the launch site. Reductions in FY 1995 have been taken in the
science and engineering laboratories and technical facilities, Class VI supercomputing capability.
independent safety, reliability, and quality assurance, and engineering laboratory services. In addition.
there has been an increase in educational research grants which will provide for OSF requirements supporting
Agencywide goals.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
GENERAL STATEMENT

The Science, Aeronautics and Technology appropriation provides funding for the research and development
activities of NASA. This includes funds to extend our knowledge of the Earth, its space environment. and
the universe: and to invest in new technologies. particularly in aeronautics. to ensure the future
competitiveness of the nation. These objectives are achieved through the following elements:

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 Micronravitv Sciences and applications: 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.

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.

Aeronautical Research and Technoloev - A program to conduct the fundamental long-term research to strengthen
the United States leadership in aviation, and to pursue development of high leverage technologies required
to support both the subsonic and high-speed civil transport economic viability.

Advanced Concepts and Technolony - A program to support the development and application of technologies
critical to the economic. scientific, and technological competitiveness of the United States.

Launch Services - A program to provide for procurement of expendable launch vehicle services.

Mission Communication Services - Funding for communications activities which are most directly related to
NASA"s science and aeronautics programs.

Academic Programs - A program to support Agencywide university, minority university, and elementary and
secondary school programs.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 BUDGET ESTIMATES

(IN MILLIONS OF REAL YEAR DOLLARS)

BUDGET PLAN

1993
SCIENCE, AERONAUTICS AND TECHNOLOGY 4.908.7
SPACE SCIENCE 1.510.4
LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS 407.5
MISSION TO PLANET EARTH 936.3
AERONAUTICAL RESEARCH AND TECHNOLOGY 769.4
ADVANCED CONCEPTS AND TECHNOLOGY 464.9
LAUNCH SERVICES 180.8
MISSION COMMUNICATION SERVICES 546.5
ACADEMIC PROGRAMS 92.9

1994

2.847.3

1,721.9

515.3

1,024.5

1,102.2

495.3

313.5

589.1

85.5

5,901.2
1,766.0
470.9
1,238.1
898.5
608.4
340.9
481.2

97.2
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

SCIENCE, AERONAUTICS AND TECHNOLOGY

For necessary expenses, not otherwise provided for, for the conduct
and support of science, aeronautics, and technology research and de-
uelopmeni activities, including research; development; operations; serv-
ices; maintenance, construction, repair, rehabilitation and modifica-
tion of real and personal property; acquisitvn or condemnation of
real property, as authorized by law; space flight, spacecraft control
and communications activities including operations, production, and
services; and purchase, lease, charter, maintenance, and operation
of mission and administrative aircmft; $5,901,200,000, to remain
available until September 30, 1996.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
SCIENCE, AERONAUTICS AND TECHNOLOGY
REIMBURSABLE SUMMARY

(IN MILLIONS OF REAL YEAR DOLLARS)

BUDGET PLAN

1993 1994 1905

SCIENCE, AERONAUTICS AND TECHNOLOGY 512.2 700.5 562.5
SPACE SCIENCE 5.2 122.0 114.5
LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS 0.5 1.3 1.2
MISSION TO PLANET EARTH 319.6 260.0 234.0
AERONAUTICAL RESEARCH AND TECHNOLOGY 101.3 107.0 112.0
ADVANCED CONCEPTS AND TECHNOLOGY 37.3 117.0 52.0
LAUNCH SERVICES 47.5 92.0 48.0
ACADEMIC PROGRAMS 0.8 1.2 0.8
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NATIONAL AERONAUTICS AND SPACE ADMINSTRATION
FISCAL YEAR 1995 ESTINATES
DISTRIBUTION OF SCIENCE, AERONAUTICS AND TECHNOLOGY BYUUDGET PLAN BY INSTALLATION AND FISCAL YEAR
» ( Thousands of Dollars )
---------------------------- J;l_n_\;n ) Keanedy Narshat! Steanis Zoddar 1 Jet Ames Langley Lewis
Space Space  Space Flight Space Space F In Propulsion  Research Research Research NASA
Proaranm Total Cente s Center Ceater Center Center Lab Ceater Center Center HQ
Space Science 1993 1,510,859 13,700 ] 218,250 0 081,483 331,024 88,98/ {13 19 19¥,380
------------- 1994 1,721,900 3.690 0 297,776 0 644,958 525,30 37,8352 0 0 212,212
1995 1,766,000 3,380 0 322,144 0 641,003 582,541 31,258 0 0 185,603
Life and Microgravity 1993 407,500 89,600 19,406 §3,200 0 300 33,700 49,600 3,600 67,300 50,800
Sciences and Apps 1994 315,300 114,800 22,400 113,400 0 500 20,600 67,600 3,300 76,600 91,100
------------------- 1993 470,900 113,000 19,000 110,700 0 200 8,500 $3,000 2,700 $9,800 §2,000
Mission to Planet Earth 1993 836,316 2;;_- ;g- 10,467 m 607,142 114,616 39,518 24,955 4,083 134,558
----------------------- 1994 1,024,500 130 100 29,100 600 605,400 167,200 35,900 §1,600 3,500 140,970
1995 1.238.100 130 100 7,100 300 815,000 203,400 34,000 43,300 1,900 132,870
Aeronautical R E T 1993 169,362 0 0 0 0 8,421 3,133 793,829 130,088 199, 95¢ 33,143
------------------ 1994 1,102,200 400 0 500 0 19,300 4,800 304,300 381,900 262,400 128,600
18935 898,500 0 (1 0 0 17,600 6,000 260,700 337,200 251,700 25,300
Adv Concepts & Tech 1993 464,900 62,698 3,640 41,524 6,325 22,588 50,781 17,687 49,601 58,918 131,138
------------------- 1994 495,300 52,900 2,600 49,700 8,800 17,500 50,700 22,900 41,500 74,500 174,200
199§ 608,400 66,140 12,077 13,683 13,004 33,310 75,795 25,316 68,767 34,590 185,638
Launch Services 1993 180,801 0 12,700 §6,957 0 11,934 200 0 0 46,178 2,832
--------------- 1994 313,500 0 12,000 43,600 0 92,400 0 (] 0 148,000 17,504
19935 340,900 0 12,400 31,400 0 114,200 0 0 0 156,400 26,500
Mission Comm Services 1993 546,488 0 0 0 0 216,5!2_ ) 221,035 i 18,463 ) 0 o 0 ----;0.378
--------------------- 1994 589,100 0 0 0 0 324,816 220,008 14,300 0 930 29,048
1095 481,200 0 0 0 0 260,800 179,300 18,300 0 1,500 21,300
Academic Programs 1993 92,900 1,603 1,880 2,522 1,833 2,933 Z,813 1,90 2,030 £, 039 13,432
----------------- 1994 85,500 2,829 1,876 2,880 1,708 3,220 3,308 1,719 3,276 1,583 62,088
1995 97,200 3,636 2,152 3,685 1,833 4,115 4,189 1,883 4,245 3,185 68,357
=========:::::::::=:::====================================:::::::::::::==========::::::==================:==========================S=======:===:========:====== TIII===
TOTAL BUDGET PLAN 1993 4,908,726 167,812 37,485 412,920 8,691 1,669,133 778,524 475,145 312,313 388,804 537,889
1994 5,847,300 179,789 38,976 536,958 11,109 1,708,004 991,966 484,511 471,516 568,525 855,778
1993 5,901,200 188,266 45,128 548,712 15,337 1,886,378 1,039,683 454,418 456,212 539,075 707,38¢%
2::::::::3:::::===:==============:========:==::==:====:==:==:========:============:=====::====3===========:::t:===t:==========:=============:===:::::::::::::::::!:::::
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
BUDGET SUMMARY
OFFICE OF SPACE SCIENCE

SUMMARY OF RESOURCES REQUIREMENTS

Page
FY 1993 EFY 1994 FY 1995 Number
(Thousands of dollars)
Physics and AStronomy ......eecesunrseannnssnnnns 1,034,861 1,067,600 1,058,700 SAT 1.1
Planetary Exploration.......ccoveevinrernnnnnnnnnns 475,598 654,300 707.300 SAT 1.2
Total .. it i 1.510.459 1.721.900 1.766.000

SAT 1-1



Physics and Astronomy




SCIENCE « AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY
OFFICE OF SPACE SCIENCE

SUMMARY QF RESOURCES REQUIREMENTS

FY 1993 FY 1994
(Thousands of dollars)

Advanced x-ray astrophysics facility
development ....ciiiiiiiiiii it raiananannns 168.337 241.300
Relativity mission development.................. 27.000 42 .400
Global geospace SCIENCE......vcvirrnnrrnnnnnnnss 72.647 13.300°
Payload and instrument development.............. 74.240 59.500
Explorer development.........ccoviiiiinrnnrennnns 115.832 123.300
Mission operations and data analysiS............ 415.402 420.700
Research and analysSiS.....icviiinriiinnnrnnnnns 71.558 71.100
Suborbital program..........ccoiiiiiiiiiiiiiaa 64.843 69.500
Information Systems......oviivreiranrenranrnnnnns 25,002 26.500
Total .o s e 1,034.861 1.067, 600
Johnson Space Center......civiiinnrrrnnnsnnnnnnns -- 13
Marshall Space Flight Center........ccvvvvvuunsn 217.250 297.776
Lewis Research Center.......cceeevvinrennnnnnnnns 154 --
Ames Research Center....covuveennnrrannrnnnnnnss 34.315 32.108
Goddard Space Flight Center......ivviiiiinnnnnss 656.908 625.916
Jet Propulsion Laboratory.....ieeevvunvnnnnannns 40.224 38.073
HeadquarterS. .u.ivieveirnranensnrasansnsannnnnnns 86.010 73.714
1 1 - 1 1,034,861 1._067.600

*  Funding requirements under review

PHYSICS & ASTRONOMY

FY 1995

234.300
50.000
47.900

120.400

441._.700
71.100
67.200

26.100

1.058_.700

13
322.144
28.251
599.929
38.091

70.272

1.058_700

Page
Number

SAT
SAT
SAT
SAT
SAT
SAT
SAT
SAT
SAT
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SCIENCE. AERONAUTICS AND TECHNOLOGY

FISCAL YEAR 1995 ESTIMATES

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY

OBJECTIVES AND JUSTIFICATION

The primary objectives of the Physics and Astronomy program are to increase our understanding of the origin
and evolution of the universe, the fundamental laws of physics, and the formation of stars and planets.
Research teams involved in this program are located at universities. industrial laboratories. NASA field
centers. and other government laboratories. The scientific information obtained and the technologies
developed are made available to the scientific communities and the general public for the advancement of
scientific knowledge. education. and technology. Two science programs are supported by funds provided under
Physics and Astronomy: astrophysics and space physics. In addition. Physics and Astronomy funding supports
improved science data management, analysis. and visualization techniques to improve scientists” productivity
through the Information Systems program.

Objects studied by the astrophysics program include distant galaxies and galactic clusters. as well as stars
and other structures in nearby galaxies and the interstellar medium within our own galaxy. Unusual and
exotic phenomena such as quasars, neutron stars, pulsars. and black holes are of particular interest to the
astrophysics program. and are the target of many ground-based and space-based research programs.
Astronomical observations from space avoid images from being obscured or distorted by the atmosphere. While
many wavelengths are obscured by the atmosphere, some wavelengths actually cannot be observed from the
surface of the Earth at all. The astrophysics program also supports a limited number of initiatives related
to relativity science.

The attention of NASA"s space physics program is upon naturally-occurring plasmas, the physical state of 99%
of the universe. The study of relatively cool plasmas in the planetary ionospheres, the hot plasma of the
sun, Earth and other planets™ magnetospheres. and galactic cosmic-ray plasma are all emphasized. 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, comprised of the magnetized
solar-wind plasma plus the perturbation in the heliosphere caused by the presence of the magnetic Earth. is
referred to as geospace.

The objectives of the astrophysics and space physics programs are accomplished using a mixture of small.
medium, and large spacecraft, instruments and payloads to be flown on international and U.S.- developed
satellites and sShuttle/Spacelab flights, and suborbital missions. The entire program rests on a solid basis
of supporting research and technology, data analysis, and theory. Recently launched spacecraft have been
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extremely successful, including the Cosmic Background Explorer (COBE. 1989). the Combined Release and
Radiation Effects Satellite (CRRES, 1990)., the Hubble Space Telescope (HST., 1990). the Compton Gamma Ray
Observatory (CGRO, 1991). the Extreme Ultraviolet Explorer (EUVE. 1992). and the Solar. Anomalous. and
Magnetospheric Particle Explorer (SAMPEX. 1992). Recent Spacelab missions include Astro-1 (1990), the
Diffuse X-ray Spectrometer (DXS, 1993). Spartan 201 (1993). and the Orbiting Retrievable Far and Extreme
Ultraviolet Spectrometer (ORFEUS. 1993). NASA has also recently participated in international programs such
as the German Roentgen Satellite (ROSAT. 1990). the Japanese Solar-A/Yohkoh (1991). the Geotail (1992) and
the Astro-D (1993) missions.

The Advanced X-ray Astrophysics Facility (AXAF) was approved by Congress in FY 1989 contingent upon
demonstration of mirror fabrication technologies. The AXAF met the Congressional milestones and has
proceeded with science instrument development. continued fabrication and test of its grazing incidence
mirrors. and design of spacecraft, telescope, and mirror assemblies. Following a restructuring of this
system in 1992, AXAF was divided into two satellites (AXAF-1 and AXAF-S) to be launched in 1998 and 1999.
Together, the two satellites would 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. In the Fy 1994 appropriation, Congress directed NASA to cease work on the
AXAF-S spacecraft and to investigate the potential for flight of the X-Ray Spectrometer (XRS) instrument on
Astro-E. a future Japanese mission. Consistent with this direction, the program has taken the necessary
actions to terminate the AXAF-S mission. Studies are currently underway to examine the technical and
scientific merits as well as the schedule and Fiscal requirements for flying XRS aboard the Astro-E mission.

Two previously existing budget elements, Gravity Probe-B (GP-B) development and the Shuttle Test of
Relativity Experiment (STORE), are now consolidated into a single budget element called Relativity Mission
Development. STORE is a technology demonstration program designed to validate the technologies and
performance requirements of the dewar and probe which will ultimately fly aboard the GP-B mission. This was
previously funded under Payload and Instrument Development. The GP-B will incorporate instrument hardware
developed by the STORE mission into a free-flying spacecraft designed to test key elements of Einstein”s
general theory of relativity. After a lengthy period of science definition, technology demonstration, and
design and test of prototype components, GP-B development started in FY 1993 with a launch targeted for FY
2000 aboard a Delta II launch vehicle.

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. The COSTR instruments and subsystems will be Fflown 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
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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
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. The Wind spacecraft will study this transfer at the head of the
geospace. the Polar at the Earth®"s poles, and the Geotail at a point where the Earth"s magnetic region tails
away toward the outer solar system.

Payload and Instrument Development supports a number of instruments and payloads to be used on international
satellites or on Spacelab missions. These include the Collaborative Solar Terrestrial Research (COSTR)
program, which will provide instruments and subsystems for the European Space Agency (ESA)-developed Solar
and Heliospheric Observatory (SOHO) and Cluster missions. in addition to the support already provided for
the Japanese Geotail spacecraft launched in 1992; the science requirements for a Tethered Satellite System
(Tss) reflight; and a variety of other small astrophysics and space physics instruments.

Explorer missions-are selected 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 X-ray
Timing Explorer (XTE). the Advanced Composition Explorer (ACE). the Submillimeter Wave Satellite (SWAS). and
the Fast Auroral Snapshot (FAST) are all currently under development within the Explorer program. The SWAS
and the FAST are classified as Small Explorers (SMEX).

The Mission Operations and Data Analysis (MO&DA) program supports satellite operations during the
performance of the core missions of astrophysics and space physics spacecraft, and for ongoing analysis of
selected data sets. Funding is also applied to pre-flight preparations for NASA satellite operations and
data analysis activities, and for long-term data archiving and data base services. In addition, funds from
this category are used to support ongoing servicing support for the Hubble Space Telescope (HST).

Suborbital observations from balloons. sounding rockets, and high-flying aircraft provide low-cost, frequent
access to regions in the upper atmosphere which are not accessible from orbital spacecraft. The program
continues to provide valuable opportunities to conduct science and to develop and test instruments which
will ultimately fly aboard orbital spacecraft.

The Research and Analysis (R&A) program provides ongoing support for basic and applied research. new
technology development and theory-building. Research teams at NASA centers and at universities. industrial
laboratories. and other government laboratories are supported. The scientific discoveries and technological
advances derived from this program are ultimately made available to the science community and the private
sector for the advancement of scientific knowledge. education and industrial application.
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The Information Systems program continues to provide a state-of-the-art environment to support science
research objectives. This includes ongoing developments in high performance networking and computing
capabilities. interactive analysis techniques with expedient access to multiple data sets, enhancement of
mathematical processes tools. and advanced visualization techniques. These activities are all designed to
enhance access to and exploitation of existing and future scientific data sets.
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BASIS OF FY 1995 FUNDING REQUIREMENT

ADVANCED X-RAY ASTROPHYSICS FACILITY DEVELOPMENT

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Advanced x-ray astrophysics facility............ 168.337 241,300 234,300
Mission operations and data analysis............ (14,900) (11,600) (18,900)
Upper STageS. ..t iressrransrnnnrsnnssnnnsnnsnns (--) (7.800) (16.600)

OBJECTIVES AND STATUS

The Advanced X-ray Astrophysics Facility (AXAF) will observe matter at the extremes of temperature, density,
and energy content. Previous x-ray missions such as the Small Astronomical Satellite-C (34s-C) and the High
Energy Astronomical Observatory-2 (HEAO-2) have demonstrated that observations in the x-ray band provide a
powerful probe into the physical conditions of a wide zange OF astrophysical systems. With its
unprecedented capabilities in energy coverage, spatial resolution, spectral resolution. and sensitivity.
AXAF will provide unique and crucial information on the nature of objects ranging from nearby stars to
quasars at the edge of the observable universe. The AXAF is the third of NASA’s Great Observatories, and
has been given high priority by the National Academy of Sciences Astronomy Survey Committee.

The Marshall Space Flight Center (MSFC) was assigned responsibility for managing the AXAF project in 1978.
subsequent to the successful High Energy Astrophysics Observatory (HEAO) program that was nearing
completion. The scientific payload was selected through an Announcement of Opportunity in 1985 and
confirmed for flight readiness in 1989. The TRW was selected as prime contractor for the mission, with
major subcontracts to Eastman-Kodak. Hughes-Danbury. and Ball Aerospace. The Smithsonian Astronomical
Observatory (S40) also has significant involvement throughout the program. The MSFC. TRW. Hughes-Danbury
and sA0 were all part of the successful HEAO-2 program. which is a technical precursor of the AXAF program.

The AXAF was given new start approval in FY 1989. contingent on demonstrating the challenging advances in
mirror metrology and polishing technology. The first pair of mirrors were fabricated and then tested in a
specially designed X-ray Calibration Facility at MSFC in 1991. The x-ray test results validated the
polishing and metrology. With the success of this Verification Engineering Test Article (VETA) {1
demonstration, the program proceeded fully into design and development (Phase ¢/D). The AXAF program was
restructured in 1992 to reduce life-cycle program costs. The original baseline was an observatory with six
mirror pairs which was planned for a fifteen-year mission in low Earth orbit with periodic Shuttle servicing
required. The restructuring produced AXAF-1. an observatory with four mirror pairs to be launched into a
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high Earth orbit for a five year life time, and a smaller observatory (axAF-s) Fflying an X-Ray Spectrometer
(xrs) from the original baseline. A panel from the National Academy of Sciences endorsed the restructured
AXAF program.

With the FY 1994 Budget, AXAF-1 development reached the half-way point in terms of funding, and is now at
the peak annual level required to complete the program. Mirror development work at Hughes-Danbury is
continuing, and the assembly facility for the High Resolution Mirror Assembly (HRMA) at Eastman-Kodak is now
operational. NASA is proceeding with the decision to launch AXAF on the Shuttle: a contract for an upper
stage is expected to be awarded in April of 1994.

BASIS OF FY 1995 ESTIMATE

Fiscal Year 1995 is a critical year for AXAF-1 development activities. The Observatory Preliminary Design
Review (PDR) is scheduled for November 1994. and detailed design of the AXAF spacecraft structure and
instruments will continue throughout the year. Fabrication of the structural test model. VETA 2. begins in
FY 1995 and will be completed by early FY 1996. A Critical Design Audit (cpa) of the Boeing-developed
Optical Bench assembly will be held by TrRW in September 1995. All flight mirrors are scheduled to be
delivered later in the year. and initial mirror coating will begin in the May 1995 timeframe. All
instrument Critical Design Reviews (CDRs) are scheduled for completion in FY 1995.

The FY 1995 budget does not include funding to continue development of the XRS instrument. However, studies
are currently underway to determine instrument modifications and spacecraft interfaces. |1f upon completion
of the joint U.S.-Japanese studies -- including assessments of scientific merit, schedule and funding
requirements -- the joint program is determined to be scientifically meritorious and programmatically
feasible, NASA will provide the results to the Congress and propose appropriate changes, if any. to the FY
1995 budget plan.
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BASIS OF FY 1995 FUNDING REQUIREMENT

RELATIVITY MISSION DEVELOPMENT

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Shuttle test of relativity experiment........... 25,100 2.400 1.800
Gravity probe-b........c.ciiiiiiii 1,900 40,000 48,200
3 ==Y 27,000 42,400 50,000

OBJECTIVES AND STATUS

The Gravity Probe-B (GP-B) flight mission is a relativity experiment being developed for NASA by Stanford
University. It is intended to test two extraordinary. unverified predictions of Einstein"s general theory
of relativity known as geodetic and frame dragging precession. To do this, very small changes in the
direction of spin of four gyroscopes contained in a spacecraft, placed in a 640 km polar orbit, will be
monitored. In order to make such a measure, extremely precise superconducting gyroscopes had to be
developed. These gyroscopes must operate in a near absolute zero temperature environment. undisturbed by
magnetic or drag forces. while maintaining an extraordinary accuracy during the experiment"s lifetime of
more than one year. These gyroscopes will measure how space and time are warped by the presence of the
Earth and, more profoundly. how the Earth"s rotation drags space-time around with it. These effects, though
small for the Earth. have far reaching implications for our understanding of the nature of matter and the
structure of the Universe. Although other experiments have been performed to confirm Einstein"s general
theory since it was developed in the early 20th century, they have provided only a weak verification of the
theory. The GP-B will provide a much more stringent test, and will significantly add to the precision with
which general relativistic effects are measured. Consequently, it has received the support of the Space
Studies Board of the National Research Council since the early 1980°s.

Results of the GP-B experiment promise to affect the study and interpretation of black holes, quasars. and
other astrophysical systems. But more importantly, this unique experiment will test with unsurpassed
precision Einstein”s hypothesis of space-time curvature and will also measure for the first time one of the
most fundamental untested consequences of general relativity, the "dragging" of space-time by rotating
matter. Since Einstein®s geometrical interpretation of gravitation is at odds with current theoretical
ideas in other areas of physics, GP-B has the potential of making a major contribution to the knowledge
required to arrive at a grand unification of the forces of nature.
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In order for Stanford to develop gyroscopes capable of making measurements with the accuracy needed to
monitor the effects predicted by the theory of General Relativity. several advances had to be made in the
superconductivity. magnetic shielding, precision manufacturing. spacecraft control mechanisms. and
cryogenics. Thus 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 "r=ad-out” changes in the direction of spin of the gyros); encased in an 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
assembly. and the dewar): while maintaining a gyroscope level of precision of 0.2 milliarcseconds per year
(the width of a human hair observed from 50 miles). This extreme measurement precision requires precise
star-tracking. a "dragfree' spacecraft control system, and micro-precision thrusters.

Following NASA"s 1984 review of the status of the GP-B experiment, and because of the sophistication of the
technology required, NASA directed Stanford University to focus on ground test verification of GP-B
technologies. via the Shuttle Test of Relativity Experiment (STORE) program prior to start-up of a GP-B
flight program. Since then, prototype gyroscopes. telescope assemblies, a flight-like tube that surrounds
the instrument and telescope, and a laboratory version of a dewar have been subjected to a Ffirst round of
laboratory testing. Many subcomponent technologies have been designed and evaluated leading up to this
initial verification test. Stanford University. working in collaboration with the Lockheed Palo Alto
Research Laboratory (LPARL), has now either demonstrated or shown by calculation that the GP-B technologies
are attainable. Consequently, the GP-B experiment was accepted as a flight mission in 1993.

The GP-B development is conducted by Stanford University in collaboration with LPARL for dewar development.
Spacecraft development and integration will be performed by the Lockheed Missiles and Space Corporation.
which was recently selected under a competitive procurement conducted by Stanford University. The MSFC
provides technical and managerial support of the project and aids NASA Headquarters in its project
oversight.

BASIS OF FY 1995 ESTIMATE

The schedule and funding for this program are currently under review. In order to maintain a launch date
prior to the year 2000 within a level-of-effort funding profile in FY 1995 and beyond. it may be necessary
to eliminate the STORE mission®s Shuttle test flights and to change GP-B from a prototype to a protoflight
development program. |If this plan is approved, STORE funds in FY 1994-1995 supporting the Shuttle mission
will then be applied to free-flyer development in order to allow for the earliest possible launch date.
This plan change will probably be formally accepted in early 1994. Congress will be kept informed of any
such changes.
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BASIS OF FY 1995 FUNDING REQUIREMENT
GLOBAL GEOSPACE SCIENCE

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Global geoSPaCe SCIENCE...urrurrnnrrnrrnrenrenss 72,647 *13,300 ‘-
Mission operations and data analysis............ (2,110) (12,000) (22,400)
Launch vehicles....viiiiiiiiiiiiininrnnnnsnnnnns (2,100) (16,300) (--)

* Funding requirements under review
OBJECTIVES AND STATUS

The Global Geospace Science (GGS) program is part of the U.S. 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. The GGS makes the U.S. 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 (ESi) 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 (SOHO) 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, Wind and Polar, 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. The 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 the sun to the Earth®s climate.

SAT 1.1-10



The GGS spacecraft contract was awarded to General Electric/Astro-Space Division (GE/ASD), now Martin-
Marietta Corporation (MMC), in FY 1989. as was final confirmation and initiation of instrument development
activity. The Wind instruments have been delivered, and mechanical and electrical integration are complete.
The Polar instruments have also been delivered and are being integrated. Both spacecraft have begun
comprehensive performance testing and have been scheduled for launch in 1994. Wind is currently scheduled
for a launch in April or May: Polar is currently scheduled for launch in late Summer. Both missions will be
launched aboard Delta II launch vehicles.

BASIS OF FY 1995 ESTIMATE

No development funds are requested in FY 1995 since both launches are currently baselined for FY 1994.
Although current funding for the GGS program is adequate to support these launch dates. recent technical
problems experienced during testing at the spacecraft contractor indicate that the current schedule will not
be achievable. Current indications are that launches for Polar, and possibly Wind, could potentially slip
into FY 1995. The program is currently under review to assess the technical. schedule and funding status
and to determine the proper remedial actions required. Upon completion of this assessment, the agency will
notify the Committees of revised launch dates and funding requirements in FY 1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT

PAYLOAD AND INSTRUMENT DEVELOPMENT

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Collaborative solar terrestrial research........ 50.812 31,200 23,200
Tethered satellite SyStem.....covviiiiiinrrnnnss 1.500 2,400 3.800
Astrophysics payloads.......cicevvviiinncnnnnnns. 20,728 24,300 20,500
Space physics payloadsS......cooiviiiiiinrnnnnns 1, 200 1,600 400

L0 1 5= 1 74,240 39,500 47.900

OBJECTIVES AND STATUS

Instrument development activities support a wide range of instrumentation. Development funds support the
design, integration and test of instruments for flight as Shuttle payloads or as flights of opportunity
aboard domestic and international spacecraft. This line also supports prime mission operations and short-
term data analysis activities for low-cost missions such as Shuttle payloads or low-costlshort-duration
instrument flights of opportunity.

The Collaborative Solar Terrestrial Research (COSTR) program, in conjunction with NASA®"s GGS program.
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 includes 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 mission operations are currently underway. The European SOHO and
Cluster missions are scheduled for launch in July and December 1995, respectively. The SOHO will be
launched aboard an Atlas 1IAS spacecraft, while Cluster will be launched aboard an Ariane V.

In 1993, the baselined Multi-Anode Microchannel Array (MAMA) detectors experienced problems during
qualification testing. These detectors are required for two of the five principal instruments to be flown
on the SOHO mission -- the German Solar Ultraviolet Measurement of Emitted Radiation (SUMER) and the U.S.
Ultraviolet Coronagraph Spectrometer (UVCS). NASA has determined that a substitute detector is required,
and has terminated MAMA detector development at Ball Electro-Optic/Cryogenic Division. Development of a new
Cross Delay-line (XDL) detector has been initiated in FY 1994.
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The Tethered Satellite System (TSS) is an international cooperative project with the Italian government.
The payload was flown aboard the Shuttle in July-August 1992. The objectives were to verify the engineering
performance of the deployer. to understand the electromagnetic interaction between the tether/satellite/
Space Shuttle system and the ambient space plasma, to understand the dynamic forces acting upon a tethered
satellite. and to develop the capability for future tether applications on the Space Shuttle and Space
Station. Unfortunately, structural interference of a bolt limited deployment to only 256 meters as opposed
to the ten Kkilometer deployment required to meet the mission objectives. In March 1993. a review committee
was formed to assess the demand for tether systems applications and whether these would provide a useful
addition to the NASA complement of experiment carriers. The committee determined that the unique
capabilities of tether technology should be pursued, and that the TSS-1 mission should be reflown at the
earliest possible date. Recent discussions with the Italians have therefore resulted in a planned reflight
of the TSS mission aboard the Shuttle iIn early/mid 1996.

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 (IMAPS), to be flown on the German-U.S. Shuttle Pallet
Satellite (SPAS) in late 1995/early 1996: Astro-2 in December 1994. a reflight of the ultraviolet portion of
the Astro-1 mission: and the Infrared Telescope in Space (IRTS), a joint U.S$.-Japansse mission which will be
launched in 1995 on an expendable launch vehicle and later recovered by the Shuttle.

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, 1996) and Russia®"s RADIOASTRON (1997) program: the Stellar X-ray
Polarimeter (SXRP) instrument to be flown on Russia®s Spectrum-X-Gamma (3XG, 1995) mission: U.S. cooperation
on the Infrared Space Observatory (IS0, 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 Mirror Mission (X, 1998).

Space Physics payloads funding in FY 1993 was used to complete activities on the Atmospheric Laboratory for
Applications and Science (ATLAS-1. 1992). The small level of continuing funds in FY 1994-95 for Space
Physics payloads will be used to develop instruments for future flight opportunities aboard U.S. and foreign
spacecraft.

BASIS OF FY 1995 ESTIMATE
The COSTR program will provide continuing support for development of the joint ESA-U.S. SOHO and Cluster
missions. All flight model instruments for both the SOHO and Cluster missions will be delivered by

mid-FY 1994. Development and testing of the new Cross Delay-line (XDL) detectors will be completed by late
FY 1994_. The XDL flight units for the SOHO instruments, the German-built Solar Ultraviolet Measurement of
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Emitted Radiation (SUMER) and the U.S. Ultraviolet Coronagraph Spectrometer (UvCs), are scheduled for

dalivery/retrofit in late FY 1994 and early FY 1995. Final spacecraft/instrument integration and test
activities will be conducted in Europe prior to launch. The SOHO is scheduled for launch in July 1995
aboard an Atlas 11AS. and Cluster is scheduled for launch in December 1995 aboard an Ariane V.

Funds are also included in FY 1995 for ongoing science and mission support of the TSS reflight mission in
early/mid 1996. These activities include refurbishment of instruments, mission planning, participation in
mission simulations and analysis of environmental impacts from the other payloads aboard the same flight.
Within Astrophysics payloads, FY 1995 funding will support shuttle reflights of the ORFEUS. IMAPS. and Astro
instruments, as well as ongoing support for the Space Very Long Baseline Interferometry (SVLBI) subnet and
the M and IRTS missions. The Russian SXG and European IS0 spacecraft are expected to be launched in FY
1995. Post-flight data analysis for the HETE mission will continue through FY 1995.

Space Physics payloads support will initiate development of instruments for future flight opportunities.
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BASIS OF FY 1995 FUNDING REQUIREMENT

EXPLORER DEVELOPMENT

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
X-ray timing explorer........c.coiiiiiiiiinnnnnnns 65,402 36,900 36.700
Advanced composition explorer............... ..., -- 33,200 44,100
Small explorers......oiiiii it iiineaneens 36,646 39.400 33,100
Other exXplorers....cveiiiiiireiranenransnrannnns _13.784 ~13.800 6.500
Total ...t i it 115.832 123,300 120.400

OBJECTIVES AND STATUS

Investigations selected for Explorer projects typically have highly specific objectives which do not require
the capabilities of a major observatory. 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.

Two Delta-class missions. the X-ray Timing Explorer (XTE. 1995) and Advanced Composition Explorer (ACE.
1997), and two Small Explorer (SMEX) missions, the Fast Auroral Snapshot Explorer (FAST. 1994) and the

Submi llimeter Wave Astronomy Satellite (SWAS, 1995), are currently under development. All missions are
managed by the Goddard Space Flight Center (GSFC). A majority of the spacecraft and some instrument payload
development activities are therefore conducted with in-house civil servants. These personnel are actively
engaged in ongoing hardware design, development, mission management, etc.

The XTE will conduct timing studies of x-ray sources. This will provide a 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. The XTE spacecraft and
Proportional Counter Array (PCA) instrument are being developed in-house at GSFC. The High Energy X-ray
Timing Experiment (HEXTE) is being developed at the University of California, San Diego. The All Sky
Monitor instrument is provided by the Massachusetts Institute of Technology (MIT). In FY 1994. flight
instrument and spacecraft hardware integration will be completed and environmental testing will begin in
preparation for launch as early as August 1995.
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The ACE mission is a space physics mission that 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 study the mass and charge
of plasma phenomena. Three other instruments will provide measures of the lower energy phenomena related to
the solar wind. The spacecraft is being developed by the Applied Physics Laboratory (APL). Instruments
development is managed by the California Institute of Technology (CIT). The Preliminary Design Review (PDR)
was completed in November 1993 and the Critical Design Review (CDR) 1is scheduled for late FY 1994. All ACE
subsystems are to be delivered by September 1996 in preparation for a launch as early as August 1997 aboard
a Delta 11 launch vehicle.

The FAST mission 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, spatial resolution and faster sampling than ever before, using five small instruments. The
FAST data will be integrated with the results of other Earth observing satellites and ground observations.
The 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. Both the
FAST and SWAS are being developed in-house at the GSFC. The FAST spacecraft is nearly fully integrated and
instrument deliveries are forthcoming in support of a launch in September 1994. The CDR for SWAS was
completed in late 1993. Detailed design and initial hardware fabrication are currently underway in support
of a planned launch in June 1995. Both missions will be launched aboard Pegasus launch vehicles. In
September 1993, NASA selected four future Small Explorer (SMEX) missions for further definition. By mid-
late 1994. it is expected that two of these missions will be confirmed for development leading to launches
in 1997 and 1998.

BASIS OF FY 1995 ESTIMATE

Development activities on the XTE mission will continue in preparation for launch. Instruments and
spacecraft components will be integrated onto the observatory throughout 1994. Final integration and
environmental testing will be completed by mid-1995. A Pre-Ship Review (PSR) is scheduled for May prior to
a June shipment to the Kennedy Space Center (KSC) for final integration and checkout. Launch is planned as
early as August 1995 aboard a Delta II launch vehicle.

The FY 1995 estimate will also support the continuation of hardware fabrication and assembly of the ACE
spacecraft and instruments. All ACE subsystems are to be delivered by September 1996 in preparation for a
launch in August 1997 aboard a Delta LI launch vehicle.

The SMEX missions, FAST and SWAS. will be launched in September 1994 and June 1995. respectively. Final
development activities and launch preparation for the SWAS mission will continue in FY 1995 in preparation
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for launch and initial mission operations. Selection of two future SMEX mis=ions will be ¢ gleted T3 miQ-
15te 1994, and development of the next SMEX mission will begin in FY 1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT
MISSION OPERATIONS AND DATA ANALYSIS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

AXAF mission operations and

data analysis ...oviiiirii it iii s sanrannnas 14,900 11,600 18,900
Hubble space telescope operations
and SErVICING vvcurrnnranrrnnranrrnnrannsnnrnns 216,676 219.400 226,700
Hubble space telescope data analysis............ 42,357 38.500 42,700
Astrophysics mission operations
and data analysSisS .....vivviiriirrnnrnnrenrnnns 88,268 84.500 89.000
Space physics mission operations
and data analysSis .....ciiiiiiiriininnnnrnnnns 53,201 66,700 64,400
L0 7= 1 415,402 420,700 441.700

OBJECTIVES AND STATUS

The Mission Operations and Data Analysis (10&DA) program supports the prime missions of astrophysics and
space physics spacecraft. and ongoing analysis of selected mission data sets. For major missions such as
AXAF and HST. funding is also applied to pre-launch preparations for operations and data analysis
activities, and for long-term data archiving and data base services. In addition, funds from this category
are used to support future servicing missions for the Hubble Space Telescope (HST).

Pre-launch operations funding for the Advanced X-ray Astrophysics Facility (AXAF) program supports the
development of a ground control system, science center and preparations for flight system operation. A
common ground system located at the Marshall Space Flight Center (MSFC) will be used to serve the combined
requirements for the Space Shuttle. Spacelab. and AXAF Flight operations. The AXAF mission operations will
also be supported by an AXAF Science Center located at the Smithsonian Astronomical Observatory (5S40}, a
division of the Massachusetts Institute of Technology (MIT).

The Hubble Space Telescope (HST) science operations are conducted via the HST Science Institute which
operates under a long-term contract with NASA. Satellite operations. including telemetry. flight
operations, and initial science data transcription. are performed on-site at Goddard Space Flight Center
(GSFC) under a separate contract. While NASA retains operational responsibility for the observatory. the
Science Institute plans, manages, and schedules the scientific operations of the HST. In a single year of
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operations, the activities of over 500 scientists are supported under the HST program. and over
15.000 observations have been recorded.

In order to extend its operational life and provide a basis for future enhancements of its scientific
capabilities. the HST is designed to be serviceable. This requires on-orbit maintenance and change-out of
spacecraft subsystems and scientific instruments every few years. In December 1993. the first HST servicing
mission was performed to restore the faint object and crowded field capabilities of the telescope, which had
been unavailable due to spherical aberration of the primary mirror. Also, jitter induced by thermal effects
on the solar arrays was corrected by the installation of two modified solar arrays provided by the European
Space Agency (ESA). Several subsystems. including rate gyroscopes, magnetometers, and additional computer
memory. were installed so as to restore redundancy and to ensure operations until the next servicing
mission.

The HST funds also support planning and development of instruments for future servicing missions and for
development of other components critical to the reliability of the HST. Two new instruments. the Space
Telescope Imaging Spectrometer (STIS) and the Near Infrared Camera/Multi-Object Spectrometer (NIC/MOS), are
currently under development for the next servicing mission currently planned for March/April of 1997. Both
STIS and NIC/M0OS are being developed by Ball Aerospace Division (BASD). Both instruments have Critical
Design Reviews (CDRs) planned for mid-1994. Other hardware, such as batteries, gyroscopes. and an Advanced
Camera are under consideration for a servicing mission in 1999. Ongoing modification and upkeep of ground
systems operations are also performed.

Other satellites developed wholly or in part by NASA are also supported under the Astrophysics and Space
Physics mission operations and data analysis programs. Currently, six operational missions in astrophysics
and seven operational missions in space physics are supported. Astrophysics missions include the Compton
Gamma-Ray Observatory (CGRO, 1991), the Extreme Ultraviolet Explorer (EUVE. 1992). the Cosmic Background
Explorer (COBE. 1989). the International Ultraviolet Explorer (IUE, 1978). and U.S. participation in the
German Roentgen Satellite (ROSAT, 1990) and the Japanese Astro-D/ASCA (1993). Space physics missions
include Voyager 1 and 2 (1977)., Ulysses (1990). Pioneer 10 and 11 (1972.73). the Interplanetary Monitoring
Platform (IMP-8, 1973), the Solar, Anomalous Magnetospheric Particle Explorer (SAMPEX, 1992), and the
Japanese cooperative missions, Yohkoh (1991) and Geotail (1992).

The CGRO measures gamma-rays, providing unique information on phenomena occurring in quasars, active
galaxies, black holes, neutron stars, supernova, and the nature of the mysterious cosmic gamma-ray bursts.
The EUVE is studying the sky at wavelengths once believed to be completely absorbed by the thin gas between
the stars. The COBE has provided dramatic scientific evidence confirming the Big Bang theory and has
measured the isotropy of the cosmic background radiation to better than one part in 100,000 over the entire
sky. The IUE continues to provide valuable data in ultraviolet wavelengths for U.S. and European
scientists. The U.S. observers continue to enjoy 50% of the observing time, shared with Germany and the
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United Kingdom (U.k.), from the highly successful ROSAT X-ray satellite. The Japanese/U.S. Astro-D/ASCA
spacecraft is conducting spatially-resolved spectroscopic observations of selected cosmic X-ray sources.
The Interplanetary Monitoring Platform (IMP-8) provides the only measure of solar wind input to the Earth.
The Yohkoh spacecraft, a cooperative program with the Japanese. is continuing to gather x-ray and
spectroscopic data on solar flares, irradiance, and oscillations. Ulysses is on its way to study the sun's
polar regions, measuring the interplanetary medium and solar wind as a function of heliographic latitude.
having been swung out of the plane of the ecliptic by the gravity of Jupiter. Voyager 1 and 2 and

Pioneer 10 and 11 are continuing to look for the heliospheric boundary with interstellar space as they
travel beyond the planets. The SAMPEX is measuring the composition of solar energetic particles. anomalous
cosmic rays. and galactic cosmic rays. Geotail. a Japanese spacecraft which is the first part of the
cooperative International Solar Terrestrial Physics (ISTP) program, is studying the Earth"s magnetotail.

In Astrophysics M0&DA, mission operations continue for IUE, HST, ROSAT, CGRO, EUVE and Astro-D/ASCA through
FY 1994. Science operations of COBE have ceased. Data archival and analysis activities continue. and the
spacecraft continues to be used in training activities. This phenomenally successful spacecraft had a
design life of one year, but has continued to perform all-sky microwave surveys after exhausting its cryogen
supply. Analysis and archival of data from the High Energy Astrophysics Observatory (HEAO) will be
completed at the end of FY 1994 since the primary science objectives will have been met. Data analysis of
the Astro-C/Ginga mission will also be completed in FY 1994.

In Space Physics M0&DA, operations and data analysis will continue for Ulysses. SAMPEX. Geotail. Yohkoh.
IMP-8 and Voyager. Ongoing mission support is also provided for the Pioneer missions. although Pioneer 11
operations may be terminated during FY 1994 due to the decreasing power supply on board the spacecraft.
Several new spacecraft are scheduled for launch in FY 1994. including the GGS spacecraft. Wind and Polar.
and the Fast Auroral Snapshot (FAST) mission, the second of the Small Explorer (SMEX) missions developed
within the Explorer program.

BASIS OF FY 1995 ESTIMATE

The AXAF MOo&DA Ffunds will support ongoing development of ground system elements and documentation of ground
control operations. Critical Design Reviews (CDRs) of the Operations Control Center and the AXAF Science
Center are also planned.

The HST operations and servicing funds will support preparations for future servicing missions, ongoing
development of ground systems and ground system operations. and ongoing mission operations for the Hubble
system. Hardware fabrication and integration of the NIC and STIS instruments will be performed throughout
FY 1995 in support of the 1997 servicing mission. Development and maintenance of components and subsystems
for future telescope maintenance is also planned. Maintenance of flight system and ground system software,
hardware, and operations protocols will also continue. The HST data analysis funds will sustain the
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Guaranteed Time Observers program, composed of science instrument teams for the current set of HST
instruments: and expansion of the Guest Observer and Archival Researchers programs.

Astrophysics ¥0&DA will continue operations and data analysis activities for the CGRO. EUVE. IUE. ROSAT and
Astro-D/ASCA missions. The COBE mission operations are discontinued in FY 1994. and data analysis
activities will be completed in Fy 1995. The recently developed Astrophysics Data System and other
archiving systems will continue to provide scientific users access to NASA"s astrophysics data. Funds are
also provided to support ongoing data analysis of existing data sets from previous missions.

Space Physics M0&DA will continue to support ongoing mission operations and data analysis for the Pioneer.
Voyager, Ulysses. IMP-8, Geotail. SAMPEX and Yohkoh missions. Funds are also provided to support the new
Wind, Polar and FAST missions launched in 1994. Initial mission operations for the Solar Heliospheric
Observatory (SOHO) mission will also begin following a launch in July 1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT

RESEARCH AND ANALYSIS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Space physics supporting research
and technology ....coviiiiiiiiii i i ieeeans 37.257 35.700 35.700

Astrophysics supporting research

and technology .....cviviiiiiii it i i e 34,301 35.400 35,400
L0 1 - 1 71.558 71,100 71.100

OBJECTIVES AND STATUS

The objectives of the Supporting Research and Technology (SR&T) program are to: (1) optimize the design of
future missions through science definition, development of advanced instruments and concepts. and definition
of proposed new missions: (2) strengthen the technological base for sensor and instrument development: (3)
enhance the value of current space missions by carrying out ground-based observations and laboratory
experiments: (4) conduct basic research necessary to understand astrophysics phenomena and solar-terrestrial
relationships and develop theories to explain observed phenomena and predict new ones: and (5) continue the
acquisition, archival, analysis and evaluation of data from laboratories, airborne observatories. balloons.
rocket and spacecraft missions.

The SR&T program carries out its objectives through providing grants to universities, nonprofit and
industrial research institutions, and funds to scientists at NASA Centers and other government agencies.
Several hundred grants are awarded each year to the U.S. science community. These grants help train science
and engineering graduate and post-graduate students who will become the nation®"s future scientific leaders.

Astrophysics SR&T supports research activities in the areas of gamma-ray, x-ray, ultraviolet. visible light.
infrared, submillimeter. and radio astrophysics. Both the Explorer and Great Observatories programs rely

upon accomplishments of the SR&T program for technology development and instrument design to achieve planned
science objectives. Current emphasis is being placed on studies of advanced instruments and detectors with

increased sensitivity and resolution.
Space Physics SR&T supports researchers in the disciplines of magnetospheric. ionospheric. cosmic ray.

heliospheric. plasma and solar physics. This broadly structured program enhances our understanding of
plasmas in the solar corona, interplanetary medium. geospace and other planets. Recent studies of the nsar-
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Earth geospace environment have many practical implications, such as determining disruptive effects on
communications, analyzing the impact on global circulation of the Earth®"s upper atmosphere, or examining
space plasma effects on spacecraft.

NASA also allocates SR&T funds to Advanced Technology Development (ATD) programs. Increasing emphasis is
being made within the agency to better utilize advanced technologies in future missions. The ATD is used to
develop new mission concepts and ensure that mission technologies are sufficiently mature before development
begins to minimize cost, schedule. and technical risks. Mission concept and definition studies identify new
technologies and optimize their use within an affordable development cost.

BASIS OF rvy 1995 ESTIMATE

The Astrophysics ATD program will continue to support definition studies for the Stratospheric Observatory
for Infrared Astronomy (SOFIA), an airborne-observatory intended to replace the current NASA airborne
astronomy system, and technology studies for future space infrared astronomy missions. Ongoing support for
grant-funded studies in gamma-ray, x-ray, ultraviolet. visible light, infrared. submillimeter, and radio
astrophysics will also continue.

Space Physics SR&T activities include continuing definition studies of missions emphasizing the use of small
spacecraft and rapid development. These include the Thermosphere, lonosphere, Mesosphere Energetic and
Dynamics (TIMED), the High Energy Solar Physics (HESP). and the Solar Probe missions. Ongoing support for
grant-funded studies in magnetospheric, ionospheric. cosmic ray, heliospheric, plasma and solar physics will
also continue.
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BASIS OF FY 1995 FUNDING REQUIREMENT

SUBORBITAL PROGRAM

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
ATrborne program....coeeeseeessnnrrsnsnsssnnsnns 13,014 13,600 13.200
Balloon program......eeeeensenrenrsnnsnnsnnsnnns 15,437 16,400 16,000
Sounding rockets.....ov it e 36.392 39,500 38.000
Total ..o i e i 64,843 69,500 67.200

OBJECTIVES AND STATUS

The suborbital program uses aircraft, balloons, and sounding rockets to conduct versatile, relatively low-
cost research of the Earth"s ionosphere and magnetosphere, space plasma physics. stellar astronomy. solar
astronomy. and high energy astrophysics. Activities are conducted on both a national and international
cooperative basis.

The Airborne science and applications program operates the Kuiper Airborne Observatory (KAO) for astronomy
research. The KAO facility consists of a C-141 aircraft equipped with a 91-centimeter infrared telescope,
managed by the Ames Research Center (ARC). The C-141"s ability to fly for several hours at altitudes
approaching thirteen kilometers enables routine access to infrared observations which would not otherwise be
possible due to atmospheric water vapor at lower altitudes. The infrared region of the electromagnetic
spectrum extends from wavelengths of one micrometer to approximately one millimeter. The KAO is currently
the only airborne facility in the world that can conduct observations in the far infrared and submillimeter
wavelengths and is continuing to provide important scientific observations of a wide variety of objects.
including star formations in the Milky Way. activity in the nucleus of the Milky Way. and planets and moons
in the solar system. In 1993 the KAO flew 82 times, with a total flight time of 518 hours. Approximately
75-80 flights are planned for FY 1994. including a special program to observe the impact of comet
P/Shomaker-Levy 9 with the planet Jupiter in mid-July.

The Balloon program, managed by the Wallops Flight Facility (WFF), provides a cost-effective means to test
flight instrumentation in the space radiation environment and to make observations at altitudes which are
above most of the water vapor in the atmosphere. In many instances it is necessary to fly primary
scientific experiments on balloons, because of size. weight. or cost considerations or lack of other
opportunities. Balloon experimentation is particularly useful when studying infrared. gamma-ray. and

cosmic-ray astronomy. In addition to the level-of-effort science observations program, ,the program has
.
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successfully developed balloons capable of lifting payloads greater than 5.000 pounds. [In addition. the
balloon program is now capable of conducting a limited number of missions lasting nine to fourteen days:
successful long-duration flights have been conducted in the Antarctic, and more are planned. In 1993. the
Balloon program flew 34 missions. Approximately 35 missions are planned for FY 1994.

The Sounding Rocket program is managed by Goddard Space Flight Center (GSFC). in conjunction with the
Wallops Flight Facility (WFF). Sounding rockets are uniquely suited for performing low altitude
measurements (between balloon and spacecraft altitude) and for measuring vertical variations of many
atmospheric parameters. Special areas of study supported by the sounding rocket program include the nature.
characteristics. and composition of the magnetosphere and near space: the effects of incoming energetic
particles and solar radiation on the magnetosphere. including the production of aurora and the coupling of
energy into the atmosphere: and the nature. characteristics, and spectra of radiation of the sun. stars and
other celestial objects. The program also provides the means for flight testing instruments being developed
for future flight missions, calibrating flight instruments and obtaining vertical atmospheric profiles to
complement data obtained from orbiting spacecraft. Funding for Sounding Rockets typically supports up to
35 rocket flights per year.

Support for Spartan missions aboard the Shuttle is also included within the Sounding Rockets budget.

Spartan 201 consists of a 17-inch diameter solar telescope with an ultraviolet coronagraph and a white light
coronagraph to observe and measure the solar source of the solar wind. Spart®an 201 had a highly successful
flight in 1993, and reflights are planned for 1994 and 1995 to provide correlative data for the Ulysses
mission during its passage over the solar poles.

BASIS OF FY 1995 ESTIMATE

In FY 1995. Airborne funds will support ongoing logistics and periodic maintenance requirements for the KAO
aircraft at Ames. The program typically provides 70-80 flight opportunities per year, although extensive
maintenance and inspections to be conducted during late FY 1994 through the First quarter of FY 1995 has
reduced the planned flight rate to about 50 missions.

The Balloon program typically provides over 35 flight opportunities per year. In support of these missions.
ongoing maintenance and operations of the National Scientific Balloon Facility (NSBF) at Palestine. Texas.
and other remote launch sites are also required.

Sounding rocket flights will also be conducted for instrument testing. calibration and observations to
complement data from orbiting spacecraft. The FY 1995 funds will be used to provide vehicles. hardware,
integration. launch site support and maintenance for up to 35 flight opportunities. Support is also
included within the Sounding Rockets budget for reflight of Spartan 201 aboard the Shuttle in late 1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT
INFORMATION SYSTEMS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

InFormation SyStemS. i vvi it tennnnnnnnnnnnnssss 25,002 26,500 26,100
OBJECTIVES AND STATUS

The Information Systems program provides a state-of-the-art environment to support science research
objectives. This includes high performance networking and computing, and an interactive analysis
environment with expedient access to data, mathematical processes tools, and advanced visualization
techniques. Multiple science disciplines are supported by the projects funded under this program.

NASA”s National Space Science Data Center (NSSDC) archives and distributes data acquired in space flight
programs. A master directory service for distribution sf science data to a wide range of users is also
maintained. In addition, support is provided for development of search techniques to access data from
multiple data bases and to assimilate data from multiple data sets into single applications.

The NASA Science Internet (NSI) is a computer networking service used to provide access to flight program
data bases, data processing systems, and to applications for scientific collaboration. Researchers and
organizations participating in NASA-funded flight programs and in joint international missions are supported
by this capability. This capability is closely coordinated with other U.S. computer networking facilities.

Funds provided for information system research and technology are used to improve science data management.
analysis, and visualization techniques to improve scientists’ productivity.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funding will continue operation of the NSSDC to distribute science data assets. Continued
development of master directory services and data exchange standards for enhanced inter-operability among
data bases will be emphasized. The NSI will continue to support science data networking needs, providing
access to the network responsive to user requirements. Research and technology efforts will continue to
seek improved visualization methods and capabilities. The FY 1995 funding requested is less than the FY
1994 appropriated level. Services provided by the NSSDC and NSI will continue at approximately the same
level as FY 1994. although investment in advanced technologies such as visualization tools and technology
tasthbeds will be tightly constrained.
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE SCIENCE
SUMMARY OF RESOURCES REQUIREMENTS
Fy 1908 FY 10094
(Thousands of dollars)

MarS "94 .. .. i i 3.500 3.500
Cassini development........ccviiiiiiiiiinnnnnnnn 204,953 266,600
Discovery development........c.ccvviiiiirnnrnnnnn. -- 127,400
Mars SUrveyor Program.......eeesesssennsrnssenss -- (10,300)
Mission operations and data analysis............ 163,465 141,700
Research and analysSiS.......cciviiiiiiiinnnnrnnns 101,680 115,100
Construction of facilities..............covuun. 2.000 --
Total ..o e 475,598 654,300
Johnson Space Center.........ccoviivinrennnnennnns 13,700 3,677
Marshall Space Flight Center.................... 1,000 --
Langley Research Center..........cciivivinnnnnn. 713 --
Ames Research Center.......c.covviininnnrnnnennns 10,632 5.744
Goddard Space Flight Center..................... 24,575 19,042
Jet Propulsion Laboratory...........covvviinnnnn 311,400 487,279
HeadquartersS. ... .coiiiiiiii e iaararararnrnnnns 113,578 138,558
Total .o i e e s 475,598 654,300

EY 1995

1,400
255.000
129,700

78,400
127,700
115,100

707.300
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

+ OFFICE OF SPACE SCIENCE PLANETARY EXPLORATION
OBJECTIVES AND JUSTIFICATION

The Planetary Exploration program encompasses the scientific exploration of the solar system including the
planets and their satellites, comets and asteroids. and the interplanetary medium. The program objectives
are: (1) to determine the nature of planets. comets, and asteroids as a means for understanding the origin
and evolution of the solar system: (2) to understand the Earth better through comparative studies with the
other planets: (3) to understand how the appearance of life in the solar system is related to the chemical
history of the solar system: and (4) to provide a scientific basis for the future use of resources available
in near-Earth space. Projects undertaken in the past have been highly successful based on a strategy that
places a balanced emphasis on the Earth-like inner planets, the giant gaseous outer planets, and the smaller
bodies (comets and asteroids). Missions to previously unexplored solar system bodies typically are at the
reconnaissance level to achieve a fundamental characterization of the target of observation. Subsequent
missions to the same bodies are then enabled to conduct more detailed studies.

With the Magellan mapping of the Venusian terrain, the reconnaissance phase of inner planetary exploration,
with the exception of Mercury, is virtually complete. Magellan was launched in April 1989 and arrived at
Venus in August 1990. Using a Synthetic Aperture Radar (SAR) to penetrate the planet®s opaque atmosphere.
the spacecraft provided high resolution data sufficient to identify small-scale topographical features that
address fundamental questions about the origin and evolution of the planet. Radar and altimetry data
acquisition was completed in FY 1992. providing a global map of 99% of the Venusian surface. In FY 1993.
the spacecraft completed a series of aerobraking maneuvers to circularize the orbit and is currently
collecting high resolution gravity data which will yield significant information on the interior structure
of the planet.

Mars has been a primary program focus due to its potential for previous biological activity and for
comparative studies with Earth. The Mars Observer mission was launched in September 1992 and arrived at
Mars in August 1993. Unfortunately, communications with the spacecraft were lost just prior to orbit
insertion. NASA is currently reassessing its Mars Exploration strategy with the proposed Mars Surveyor
program. This is a series of small missions designed to resume the detailed exploration of Mars. The
program will begin in FY 1994 with the development of a Mars Orbiter for remote sensing which will capture
much of the data that would have been obtained from the Mars Observer mission. This is succeeded by a
series of small communications orbiters and soft landers designed to obtain in-situ measurements on the
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Martian surface. In FY 1993-94, funding is also provided to develop instruments which will fly aboard the
two Russian Mars '94 landers.

Building upon the profound discoveries of the Pioneer and Voyager missions, Galileo will conduct detailed
studies of the planet Jupiter and its satellites. Galileo was launched in October 1989 and encountered
Gaspra in October 1991. obtaining the first detailed images ever of an asteroid. In August 1993, the
spacecraft provided higher resolution images of a second asteroid, lda, as it flew by en route to Jupiter.
Upon arrival at Jupiter in December 1995. the spacecraft will conduct twenty-two months of prime mission
operations. Galileo will inject its instrumented probe into Jupiter®s atmosphere to make in-situ
measurements while the orbiter will have the capability to make as many as ten close encounters with the
Galilean satellites.

Cassini will conduct extensive investigations of Saturn, its rings, and its satellites. In conjunction with
spacecraft observations. the European Space Agency (ESA) -provided Huygens Probe will conduct in-situ
atmospheric measurements of Saturn®s moon Titan. Also building upon the discoveries made through the
Pioneer and Voyager missions, Cassini will provide new insight into the origin of the solar system and will
help determine whether the necessary building blocks for the chemical evolution of life exist elsewhere in
the universe. In an effort to reduce total program costs and improve mass and schedule margins. the program
was restructured in 1992. Despite significant changes to the spacecraft design, the science payload remains
essentially intact. Development activities are currently underway with the launch scheduled for October
1997 aboard a Titan IV launch vehicle. En route to Saturn. the spacecraft will fly by Earth, Venus. and
Jupiter to gain sufficient acceleration to reach Saturn in June 2004. Upon arrival, the spacecraft will
conduct extensive investigations of the Saturnian system for four years.

Funding was provided in FY 1994 for the start of the first two Discovery missions, the Mars Environmental
Survey (MESUR) Pathfinder and the Near Earth Asteroid Rendezvous (NEAR). Pathfinder will test innovative
entry, descent and landing systems, and will deliver a modest science payload to the Martian surface.
including a microrover provided by the Office Of Advanced Concepts and Technology (0aAcT). Pathfinder will
collect spacecraft performance data during these activities as well as atmospheric pressure. temperature and
density information. Pathfinder is being built by the Jet Propulsion Laboratory (JpPL) and will launch in
December 1996 aboard a Delta II launch vehicle. The NEAR promises to answer fundamental questions about the
nature and origin of "primitive bodies" in its one year orbit about the asteroid 433 EROS. The NEAR is
being built by the Applied Physics Laboratory, and will launch in February 1996 aboard a Delta II launch
vehicle.

In addition to the development of new missions. ongoing Mission Operations and Data Analysis (MO&DA)
activities are a major focus of the Planetary Exploration program. Activities include the monitoring of
spacecraft operations. ongoing mission design and software development. and acquisition/processing/analysis
of new data as it is acquired. Ongoing analysis of existing data sets are also conducted. Extensive effort
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continues to support Galileo and Magellan. Upon completion of high resolution gravity measurements.
Magellan mission operations are planned for termination by the end of FY 1994. Galileo operations and
ground system developments continue as the spacecraft nears Jupiter. Failure to fully deploy the High Gain
Antenna (HGA) has required the mission to be conducted using only the Low Gain Antenna (LGA) for spacecraft
telemetry and data downlink. Design and development of system changes are also currently underway to
support the new mission approach. Funding is also provided to support the Mission Operations Support Office
(MOSO) at JPL. This facility provides continuous design. development and maintenance of ground support
hardware and software for mission control, telemetry and command functions for all planetary spacecraft .
still in operation.

The Research and Analysis (R&A) program continues to define the scientific priorities for future missions as
well as maximizing the exploitation of existing data sets. Funds are provided on an annual basis to support
grants to universities and other participants for basic and applied research across a variety of planetary
science disciplines. Advanced program funding supports the definition of future planetary missions. Funds
are also provided for definition of new science instruments to ensure maximum scientific return from future
missions. Per Congressional direction, the High Resolution Microwave Survey (HRMS) program was terminated
in FY 1994,
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BASIS OF FY 1995 FUNDING REQUIREMENT

MARS "94
FY 1993 FY 1994 EY 1995
(Thousands of dollars)
MarsS "94 . ... it i et e s e 3,500 3,500 1.400

OBJECTIVES AND STATUS

Mars '94 is a Russian mission comprised of an orbiter and two hard landers which will be deployed on the
Martian surface. Each lander will carry a variety of science instruments provided by several international
partners including Germany, Finland and France as well as the U.S. These include descent and surface
imagery, in-situ seismology, soil composition, and meteorology measurements.

The Jet Propulsion Laboratory (JeL) will provide two Mars Oxidation (#0Ox) experiments. one for Fflight aboard
each of the two original landers. To conserve mass, power, and space, these experiments will share common
electronics subsystems with German and Russian instruments. These instruments will determine the presence
of atmospheric and/or soil oxidants which theoretically caused the rapid destruction of the organic material
tested on the Viking mission. U.S. scientists are also involved on many of the other science instruments
provided by our foreign partners.

Final integration and testing of the two U.S. science instruments is nearing completion. Shipment of the
flight units to Russia is planned for late January/early February for integration with the rest of the
science payload. The science hardware will then be shipped to Babakin. the Russian launch facility, in
April 1994 for final integration and testing with the Russian spacecraft. The scheduled launch date is
October 1994 aboard a Russian Proton launch vehicle. The l-year prime mission will begin upon arrival at
Mars iIn September 1995

BASIS OF FY 1995 ESTIMATE

The FY 1995 funding provides ongoing support for the U.S. science investigators associated with all aspects
of the science payload. The JPL has also been designated to handle data processing and dissemination of all
data from the Mars '94 mission. The FY 1995 funding is therefore provided to establish science data
formatting, archival and dissemination requirements prior to initiation of the prime mission in September
1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT

CASSINI DEVELOPMENT

FY 1993 FY 1994 EY 1995
(Thousands of dollars)
Cassini development.......covviiirinnrrnnnnnnnns 204.953 266,600 255,000
Launch vehicle......ci ittt i e e e (5.300) (86.400) (91,300)

OBJECTIVES AND STATUS

During the 1970"s. our Nation established scientific and technological leadership in exploration of the
outer solar system with successful launches of Pioneers 10 and 11 and Voyagers 1 and 2. The Cassini mission
will maintain our leadership in solar system exploration. Building upon the earlier discoveries of Pioneer
and Voyager, Cassini"s study of the Saturnian system will greatly improve our understanding of the early
evolutionary processes which formed our entire solar system. The Cassini targets (Titan and the Saturn
system) have a common origin in the outer solar system. The icy conditions on these bodies preserve a
record of different stages and processes occurring during solar system formation and evolution. Analysis of
their structure and composition may help determine whether the necessary building blocks for the chemical
evolution of life exist elsewhere in the universe. In conjunction with Galileo's study of the Jovian
system, the mission should also provide much insight as to how and why the large, gaseous outer planets have
evolved much differently than the inner solar system bodies.

Cassini is scheduled for launch in October 1997 aboard a Titan 1V launch vehicle. An extensive cruise
period is required to reach Saturn, requiring the spacecraft to fly by Venus. Earth, and Jupiter to gain
sufficient velocity to reach its destination. Upon arrival in June 2004. the spacecraft will begin four
years of study of the Saturnian system which will provide intensive, long-term observations of Saturn®s
atmosphere. rings, magnetic field, and moons. In conjunction with the observations conducted by the
spacecraft, the European Space Agency (ESA)-provided Huygens Probe will be injected into the atmosphere of
Saturn®s moon Titan, to conduct in-situ physical and chemical analyses of its methane-rich, nitrogen
atmosphere which is a possible model for the pre-biotic stage of the Earth"s atmosphere. The Cassini
spacecraft will also obtain a radar map of most of Titan"s surface.

In an effort to reduce total program costs and improve mass and schedule margins, the Cassini mission was
restructured in 1992. Despite significant changes to the spacecraft design, the science payload remains
essentially intact. Since that time, significant progress has been made to incorporate these changes into
the mission design. In FY 1993. the spacecraft Critical Design Review (CDR) and an overall Technical
Progress Review were conducted. and all major spacecraft and instrument activities appear to be on schedule
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at this time. In FY 1994. subsystem lev 1 CDR /i1l b  onducted for several major spacecraft subsystems.
Spacecraft subsystem level assembly and test activities will also begin, leading to initial subsystem level
integration activities by early FY 1995. Instrument detailed design activities will continue throughout FY
1994, leading to a CDR by early FY 1995. The ESA will also conduct a Hardware Design Review for the Huygens
Probe. A Ground System CDR is also planned for FY 1994.

BASIS OF FY 1995 ESTIMATE

In FY 1995. all remaining CDRs for the spacecraft subsystems will be completed. These include the Radio
Frequency Instrument Subsystem (RFS) and the High Gain Antenna/Low Gain Antenna (HGA/LGA) subsystem.
Spacecraft integration will continue through the first half of FY 1995. followed by the initiation of
environmental testing. These include static loads, vibration, acoustic and pyro shock testing which will
simulate spacecraft performance during cruise and the prime mission.

Integration and test of the science instruments for both the Orbiter and Probe will continue in FY 1995,
Delivery of the Probe instrument flight units is scheduled for mid-FY 1995 -- well ahead of the deliveries
of the Orbiter instruments in FY 1996. This is required to allow ESA sufficient time to conduct their own
system level testing of the Huygens Probe prior to final delivery in FY 1997.

An Assembly, Test and Launch Operations (ATLO) Plan Review is also planned for FY 1995 to validate detailed
planning for system level integration and test activities. including final test and checkout activities at
the Kennedy Space Center (XsC) prior to launch. Ground System hardware deliveries will continue in
conjunction with the development and test of flight software for the launch and cruise phase of the prime
mission. Additional software design and testing in support of the prime mission will continue well beyond
launch.
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BASIS OF FY 1995 FUNDING REQUIREMENT
DISCOVERY DEVELOPMENT

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Mars environmental survey pathfinder _ ___ . .. - - 60,800 77.500
Near Earth asteroid rendezvous . . . . . . ...... - 66.600 52.200
LI = L -- 127,400 129,700
Launch vehicles . . . . ... ... ... ... .- (24.500) (51,300)

OBJECTIVES AND STATUS

The Discovery missions are NASA"s response to the need for low cost, quick design-to-flight planetary
missions. A Discovery mission development cost (phase C/D through launch plus 30 days) must be within $150H
(FY 1992 dollars), and the mission must launch within 3 years from start of development. These missions are
designed to ensure a continuous stream of new planetary science data and more frequent access to space --
both of which are critical requirements for a robust planetary science program in the future.

The Mars Environmental Survey (MESUR) Pathfinder mission was requested as a new start in FY 1994 and is
being conducted as an in-house effort at the Jet Propulsion Laborataory (JPL). The mission is designed to
demonstrate the cruise. entry, descent. and landing system approach that will be applied to future missions
to safely place a network of small science landers on the Martian surface. Pathfinder will carry three
science instruments and a microrover which will be provided by the Office of Advanced Concepts and
Technology (OACT). The multispectral stereo Imager for MESUR Pathfinder (IMP) will characterize the Martian
surface morphology and geology at a 1-meter resolution. An Alpha-Proton X-ray Spectrometer (42X) will
obtain information on the elemental composition of Martian rocks and soil. This instrument will be carried
aboard the OACT-developed microrover. An Atmospheric structure Instrument and Meteorology package (AIM)
will obtain information on the structure of the Martian atmosphere from measurements during entry and
descent. and will obtain in-situ meteorology information while deployed on the Martian surface. The lander
will also deploy and operate the OACT-developed microrover Fflight experiment to evaluate the effects of the
Martian surface conditions on the rover design and its ability to deploy and operate science instruments.
Portions of the science instruments are being provided by Germany and Denmark. Launch is scheduled for
December 1996 aboard a Delta Il launch vehicle. Communications will be via the Deep Space Network and
mission operations will be supported by the Multimission Operations Systems Office (¥0S0) at the JPL.
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Detailed design activities are currently underway at JPL in support of a planned Critical Design Review
(CDR) in July 1994_. Hardware fabrication and assembly will begin by mid-1994 and continue through mid-1995.

Funding is also provided in the FY 1994 budget to initiate development of the NEAR mission. This program is
being conducted as an in-house development at the Applied Physics Laboratory (APL). Tracking and navigation
support will be provided by the JpL. This spacecraft will conduct a comprehensive study of the near Earth
asteroid 433 EROS. including its physical and geological properties and its chemical and mineralogical
composition. The spacecraft carries four scientific instruments. The Visible Imager (VI) will provide
global imaging coverage as well as detailed views of the asteroid at resolutions as high as one to two
meters to reveal details of the geologic processes that have affected its evolution: the Gamma Ray/X-Ray
Spectrometer (GXRS) will provide a chemical analysis by measuring several dozen key elements: the Infrared
Spectrometer (IRS) will determine the mineral composition of the asteroid®s surface: and the Magnetometer.
together with radio science. will help characterize its internal structure. Launch will be on a Delta II
launch vehicle in February 1996. The spacecraft will Flyby the main belt asteroid lliya in August 1996 en
route to rendezvous with 433 EROS in December 1998.

The EROS launch opportunity requires an accelerated launch schedule for NEAR of only 29 months. |In EY 1994.
the Preliminary Design Review (PDR) and Critical Design Review (CDR) will be completed. and detailed
instrument and spacecraft design activities will continue through the beginning of FY 1995.

BASIS OF FY 1995 ESTIMATE

For MESUR Pathfinder, final fabrication and assembly of spacecraft and instrument subsystems will continue
through June 1995. All hardware deliveries are scheduled for final delivery by mid-1995 in order to
initiate system level integration and testing at JPL. Ground system developments such as flight software
and mission sequences will also be supported in FY 1995.

The FY 1995 funding for NEAR supports the completion of detailed design activities following the CDR in late
FY 1994. Fabrication of spacecraft and instrument subsystems will be initiated in October 1994 and will
continue through June or July. Subsystem level testing will be conducted in parallel, beginning in March
1995. Flight hardware deliveries and system level integration are scheduled for completion by July/August
1995. Spacecraft system level testing will begin in august/September 1995 and continue into FY 1996.
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BASIS OF FY 1995 FUNDING REQUIREMENT

MARS SURVEYOR PROGRAM

FY 1993 FY 1994 FY 1995
(Thousands of dollars)
=Y ST 0] o] i (= -- (10,300)* 77,000
Future miSSIONS s s sssssssnssasansasansnsnnnnsns - -_— 1,400
Totall " st - (10,300) 78,400
LaunCh VENECEE s v vttt et e nnnnn s sssnnnnnnnnnnns -- (7,300) (21,800)

* Currently funded in Planetary Mission Operations and Data Analysis (M0O&DA).

OBJECTIVES AND STATUS

Mars has been a primary program focus due to its potential for previous biological activity and for
comparative studies with Earth. The Mars Observer mission was launched in September 1992 and arrived at
Mars in August 1993. Unfortunately, communications with the spacecraft were lost just prior to orbit
insertion. NASA is currently reassessing its Mars Exploration strategy with the proposed Mars Surveyor
program. This is a series of small missions designed to resume the detailed exploration of Mars.

The program will begin in FY 1994 with the development of a Mars Orbiter which will obtain much of the data
that would have been obtained from the Mars Observer mission. The orbiter will fly a small science payload,
comprised of spare Mars Observer instruments or other candidates, aboard a small, industry-developed
spacecraft. Launch is planned for October 1996 aboard a Delta II launch vehicle. This mission is to be
succeeded by a series of small communications orbiters and landers which will make in-situ measurements of
the Martian climate and soil composition. The first of these missions are scheduled for launch in December
1998. Technology developed by the MESUR Pathfinder mission will be optimized to reduce mission costs and
technical risk. Design concepts for these missions are currently being worked in conjunction with the
International Mars Exploration Working Group (IMBEWG). Current planning assumes two launches in December
1998 and two launches in February 2001. All four of these launches will use a new class of launch vehicle.
the Med-Lite. which is smaller than a Delta II but larger than a Pegasus.

Per Congressional direction in FY 1994. $10.3 million of Mars Observer Mission Operations and Data Analysis
(t10&DA) Funds will be used to initiate development activities on the new Mars Orbiter mission. The FY 1994
funds will be used to initiate long-lead procurements and proceed with detailed design activities in support
of the October 1994 launch.
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BASIS OF FY 1995 ESTIMATE

Detailed mission design activities are underway and will continue throughout FY 1994. The FY 1995 funding
will support initial instrument and spacecraft subsystem level fabrication and assembly. System level
integration and test activities may also be initiated, depending upon schedule progress. Ground System
hardware procurements and flight software developments will continue throughout FY 1995 in support of the
October 1996 launch. Provided in FY 1995 is $1.4 million to study design concepts for follow-on
communications orbiters and small lander missions. Current planning assumes two launches in December 1998

and two launches in February 2001.
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BASIS OF FY 1995 FUNDING REQUIREMENT

MISSION OPERATIONS AND DATA ANALYSIS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Galileo operationS....vvevreirenrenrnnrnnsnnnnns 59.429 59.900 70.700
Magellan operationS.....cvuveennrrnnnrrnnnrnnnns 7,000 11,800 --
Mars observer operations........cccvvveevnvnnnns 40.526 10,300" --
Voyager-Neptune data analysis................... 5,010 4,300 --
Planetary flight support.........ccciiiiiiinnns. 51.500 55,400 57.000
L0 7= Y 163.465 141,700 127.700

"Funds to be transferred to Mars Surveyor program
OBJECTIVES AND STATUS

The objectives of the Planetary Mission Operations and Data Analysis (MO&DA) program are in-flight operation
of planetary spacecraft as well as the acquisition and analysis of data from these missions. The planetary
flight support activities are those associated with the design and development of planetary ground operation
systems for multiple missions, and other activities that support the mission control. tracking. telemetry.
and command functions through the Deep Space Network (pSN) for all planetary spacecraft.

Operations for Galileo began in October 1989 for the spacecraft"s six-year journey to Jupiter. The
spacecraft passed by Earth last December for the second and last time as it departed the inner solar system.
Since launch, the spacecraft has returned the first detailed images ever obtained of an asteroid -- Gaspra.
Galileo encountered a second asteroid. lda. in August 1993. Failure to deploy the High Gain Antenna (HGA)
has required a rebaselining of the mission for use of the Low Gain Antenna (LG&) only. Development has
begun on the changes in mission design and DSN coverage required to support the new mission requirements.
Galileo will release the atmospheric Probe in July 1995 and initiate the Jovian tour the following December.

The Magellan spacecraft was launched in May 1989. Since its arrival at Venus in August 1990, the
spacecraft”s radar has mapped approximately 99% of the planet"s surface to a ground resolution of about 150
meters. The spacecraft successfully completed an aerobraking experiment to circularize the orbit in the
summer of 1993. Magellan is currently collecting high resolution gravity data from this new orbit which,
when studied in coordination with radar mapping data, will help determine the internal geological processes
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responsible for much of the planet®s topography. Extensive data processing and analysis of existing radar
data sets are underway as well. Mission operations are planned for termination by the end of FY 1994.

The Voyager-2 flyby of Neptune in August 1989 provided our First detailed images of this distant planet as

well as previously unknown moons and geyser-like surface eruptions on Triton. Support for analysis of this
data has continued since FY 1990. However, due to budget constraints in FY 1995. this program is unfunded

beyond FY 1994.

Mars Observer mission operations began in October 1992 after the spacecraft was launched aboard a Titan IIL
with a Transfer Orbit Stage (TOS) upper stage. Communications with the spacecraft were lost in August 1993.
just prior to the Mars orbit insertion. Attempts to recover the mission were not successful. NASA is
currently developing a new mission to recover as much of the orbiter science as possible. Per Congressional
direction, $10.3 million of FY 1994 Mars Observer M0&DA Ffunds have been retained to support a Mars Orbiter
mission. This mission is part of the new Mars Surveyor program beginning in FY 1994. Transfer of the
residual Mars Observer Mo&pa funds will be addressed in a future FY 1994 operating plan.

The Planetary Flight Support line maintains the Mission Operations Support Office (M0SO) at JPL. This
program provides ground system hardware, software development and mission support for all planetary
programs. At present. MOSO supports ongoing mission operations for Galileo and Magellan as well as final
mission close-out activities for the Mars Observer mission. The program also supports the development of
generic ground system upgrades such as the Advanced Multimission Operations System (AMMOS). This new
capability is designed to improve our ability to monitor spacecraft systems, thereby reducing workforce
levels and increasing operations efficiencies for Cassini and other future planetary missions. New missions
such as the MESUR Pathfinder and Mars Surveyor program will work closely with the Planetary Flight Support
Office to enable the most efficient use of existing ground system capabilities to minimize ground systems
requirements and reduce overall mission operations costs.

BASIS OF FY 1995 ESTIMATE

Mission operations, ground system and flight software development activities continue on Galileo. preparing
for the July 1995 release of the probe, and the arrival at Jupiter in December. Planetary Flight Support
funding supports the development of ground system capabilities required for Galileo prime mission
operations. Additional ground system development will continue in preparation for the Cassini launch in
October 1997. Development of the AMMOS ground system upgrade will also continue with further software
development and testing activities leading to operational capability in time for Cassini and subsequent
planetary missions. Work will also proceed with the Pathfinder development team to ensure support for the
December 1996 launch.
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Due to agency funding constraints, support for Magellan MOCDA and Voyager-Neptune data analysis are unfunded
in FY 1995. Repeated attempts to contact the Mars Observer spacecraft in FY 1994 have been unsuccessful.
Therefore, consistent with Congressional direction. all support for the Mars Observer mission is
discontinued beyond FY 1994.
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BASIS OF FY 1995 FUNDING REQUIREMENT

RESEARCH AND ANALYSIS

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Supporting research and technology.............. 71,247 89,800 88,800
Advanced technology development................. 30.433 25.300 26.300
Total ... i i it e 101,680 115,100 115.100

OBJECTIVES AND STATUS

The Research and Analysis (R&A) program consists of three elements: (1) to assure that data from flight
missions is fully exploited: (2) to undertake complementary laboratory and theoretical efforts: and (3) to
define technical requirements and develop technologies for future planetary missions.

Supporting Research and Technology (SR&T) funds support basic and applied research across a wide variety of
planetary science disciplines. These include Planetary astronomy, planetary geologylgeophysics, planetary
materialslgeochemistry. planetary atmospheres. exobiology and interdisciplinary studies. Planetary
astronomy supports observations from ground-based telescopes of solar system bodies. with emphasis on outer
planets, comets, and asteroids. Funding also supports continued operation of the Infrared Telescope
Facility (IRTF) at Mauna Kea, Hawaii. Planetary atmospheric research studies the properties of other
planetary atmospheres (=.g. Venus, Jupiter, Saturn, Uranus, Neptune) which can aid us in better
understanding our own weather and climate. Planetary geologylgeophysics studies surface processes.
structure. and history of solar system bodies. Planetary materialslgeochemistry studies the chemistry.
composition, age. and physical properties of solid material in the solar system through the study of
returned lunar samples, meteorites. and extraterrestrial dust grains. This program is coordinated with the
lunar sample and meteorite research, which is supported by other agencies. such as the National Science
Foundation (NSF). The operation of the Lunar Curatorial Facility is also supported by this activity.
Exobiology supports the development of theoretical models from analysis of existing data and laboratory
investigations to increase our understanding of early chemical and biological events that support the origin
and evolution of life on Earth and elsewhere in the universe.

Interdisciplinary studies such as the Origins of the Solar System program examine the interrelationships
between all types of planetary science data. These studies are correlated with data outside the planetary
data base to develop and test new theories regarding the origin and evolution of our solar system. Advanced
techniques and technologies for light collection, adaptive optics and light detection are supported to

SAT 1.2-15

8



detect planets around other stars using the twin 10-meter telescopes of the Keck Observatory at Mauna Kea.
Hawaii. Ongoing development of the Planetary Data System (?DS) which archives all mission data products in
a manner promoting and facilitating their use by the scientific community is also supported.

Advanced Technology Development (ATD) supports the definition of future planetary missions to ensure
technical and scientific viability as well as consistency with the overall strategic planning and scientific
objectives of the Planetary Exploration program. Funds are also provided for early definition of new
science instruments to reduce the cost, mass and volume as well as to provide enhanced capabilities of
future science payloads.

Technology developed as part of the Search for Extraterrestrial Intelligence (SETI) program was funded
within the R&A budget as the High Resolution Microwave Survey (HRMS). Per Congressional direction, this
program was terminated at the beginning of FY 1994.

BASIS OF FY 1995 ESTIMATE

The FY 1995 budget provides ongoing support for advanced technologies in support of future planetary
missions. Program activities will focus on the definition of new Discovery mission candidates, the Mars
Surveyor program, a Pluto Fast Flyby mission and U.S. support to the European Space Agency (ESA's) Rosetta
mission.

Funding is also provided in FY 1995 to support ongoing basic and applied research in the areas of Planetary
astronomy, planetary geologylgeophysics, planetary materialslgeochemistry, planetary atmospheres.
exobiology and interdisciplinary studies. Special support in FY 1995 will be provided for science
investigations of Galileo data acquired from the asteroids Gaspra (October 1991) and lda (August 1993).
Ongoing support is also provided for the Planetary Data Subsystem (PDS) to archive and disseminate data sets
to the science community.

NASA"s partnership in the Keck Observatory will continue. Keck | is beginning operations, and the
construction of Keck II is underway. The FY 1995 funds will support observing time aboard the Keck 1
telescope. Operation of the Infrared Telescope Facility (IRTF) and the Lunar Curatorial Facility will also
continue.
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY

OFFICE OF LIFE AND MICROGRAVITY
SCIENCES AND APPL ICATIONS

SUMMARY OF RESOURCES REQUIREMENTS

Page
FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)
Life sciences
Research and analysis .........ciiiiiiiinennnnn 52,900 55.100 51.900 SAT 2-6
Flight program .......c.ciiiiiiiirnrenrnrnnnnns 81,100 133.100 93,700 SAT 2-10
Centrifuge facility ...........ciiiiiiinnnnnn. 5,500 -- --
Subtotal........ci ittt i st 139.500 188.200 145.600
Microgravity science research
Research and analysSiS ......coiviiiiiininnnennns 17,900 18,400 21,700 SAT 2-12
Flight program .........coviiiiiirnrnnennnrnnnns 156,000 158,200 107.200 SAT 2-15
Subtotal........ciiiiii it e st a e 173.900 176.600 128.900
Shuttle/spacelab payload mission
management and integration.................... 94,100 111.500 112.400 SAT 2-17
Space station payload facilities
Life science facilities........ccvviiiinnnnnnns (5,500) 26,000 52.000 SAT 2-19
Microgravity facilities .............ccvvvvens. -- 13.000 32.000 SAT 2-19
Subtotal.......ciiiiiiii i i it it eaaaa 500 39.000 84.000
10 1 o= 1 407,500 515.300 470,900
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY

OFFICE OF LIFE AND MICROGRAVITY
SCIENCES AND APPLICATIONS

SUMMARY OF RESOURCES REQUIREMENTS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Johnson Space Center .......vvvivevrnrnrennnsnsns 89.600 119,800 115,000
Kennedy Space Center .......ivvvvivenrnrnrnrnnnns 19,400 22,400 19,000
Marshall Space Flight Center..........ccvuvvvenn 93,200 113,400 110.700
Langley Research Center...... ... .. .. iiiiiennnns 3,600 3.300 2,700
Lewis Research Center.......couuvevnrnnrnnnrnnns 67,300 76,600 69,800
Ames Research Center .......covviiriirrnnennrnnsss 49,600 67,600 83,000
Goddard Space Flight Center......ccvvvvrrnnnnnns 300 500 200
Jet Propulsion Laboratory.......icvvvivvnnnnnnns 33.700 20.600 8,500
HeadgquartersS......coveverereranenenensnennnennnns 50.800 91.100 62,000

110 1 - 1 407,500 515,300 470,900
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

' OFFICE OF LIFE AND MICROGRAVITY LIFE AND MICROGRAVITY
SCIENCES AND APPLICATIONS SCIENCES AND APPLICATIONS

OBJECTIVES AND JUSTIFICATION

The goals of the Life and Microgravity Sciences and Applications program are to support the primacy of the
U.S. as a spacefaring nation and develop enabling technologies. The program directs its effort toward
utilizing the unique environment of space to conduct research in the areas of biology, biomedicine.
biotechnology. combustion, fluid physics, material science and other phenomena which require a low gravity
environment. This research will lead to advances in fundamental scientific knowledge, enabling research
technologies and terrestrial and non-Earth applications.

The Life and Biomedical Sciences and Applications program conducts basic and applied biomedical and
biological research in order to understand the role of gravity on life processes. The program also defines.
develops, and validates enabling technologies for human space flight life support systems. Results from the
research and technology development program are applied to maintaining astronaut health and productivity:
understanding the response of living systems to weightlessness: studying basic cellular, developmental and
physiological processes: and developing environmental health requirements and support systems for long-term
piloted space flight. In FY 1994, the Life Sciences program is continuing its cooperation with the National
Institutes of Health (NIH), with the objective of increasing participation of the mainstream biomedical
community in the program. The NIH Initiative activities include a wide range of ground-based and space
flight research opportunities which span both the flight and the research and analysis programs.

The Life Sciences Research and Analysis program supports ground-based research and definition studies in
seven major areas: (1) Space Physiology and Countermeasures, (2) Space Human Factors Engineering,

(3) Environmental Health, (4) Space Radiation Health, (5) Advanced Life Support, (6) Space Biology. and

(7) Global Disease Monitoring. The Research and Analysis program also includes additional projects such as
data archiving: NASA Specialized Centers of Research and Training (NSCORTs): NIH Initiative activities: and
technology development.

The Life Sciences Flight program, consisting of the Shuttle/Spacelab Flight experiments program. the
NASA/¥Mir program and the international Space Station Utilization program, selects, defines. develops. and
conducts in-space biomedical and biological research. The flight experiments program is currently analyzing
the data returned on the very successful Spacelab Life Sciences mission (SLS-2) and is actively preparing
experiments for launch on the International Microgravity Laboratory mission (IML-2). currently planned for
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July 1994. which will carry four life sciences investigations. Six payloads are also planned to fly within
the Shuttle middeck. As part of shuttle/Spacelab experiments, the Extended Duration Orbiter Medical Program
(EDOMP) s continuing its work to develop specific medical countermeasures for the extension of Shuttle
flights to sixteen days. The flight program involves important collaborative activities with other U.S.
agencies, including the NIH and the National Science Foundation (NSF), and with the European Space Agency
(ESA) and the space agencies of France. Germany. and Japan. Definition and development activities are
underway to build payloads for a joint program with Russia that focuses on understanding biomedical problems
associated with long-duration missions. In FY 1995. there will be an increase in the level of activities in
preparation for utilization of the Space Station. These efforts will include instrument development,
principal investigator support and data analysis.

The goal of the Microgravity Science and Applications Research program is to better understand important
physical, chemical, and biological processes that are normally made obscure by the effects of gravity. This
understanding will add significantly to our knowledge of important industrial processes and may serve as the
basis for developing new technologies for use on Earth and in space. In FY 1994 a major collaborative
effort with NIH has been initiated in the area of microgravity biotechnology research.

The Microgravity Research and Analysis program supports ground-based research and definition studies for
flight experiment candidates in four primary areas: (1) Biotechnology, (2) Combustion Science, (3) Fluid
Physics, and (4) Materials Science. The goals of the program are focused on enhancing the capability or
quality of microgravity experimental hardware and overcoming existing technology-based limitations. Ground-
based research includes laboratories. drop-tubes, drop towers. aircraft and suborbital flight. using
sounding rockets.

The Microgravity Research Flight program provides a range of experimental capabilities. The flight
experiments program currently supports a wide variety of hardware development, such as unique flight
experiments necessary to conduct benchmark research and modular, multi-user research facilities which will
be the cornerstone of microgravity science and applications research in the future. Experiments will be
principally flown on the Shuttle and Spacelab. Definition and development activities in support of the
NASA/Mir Phase 1 program are ongoing in FY 1994 and will continue in FY 1995. Space Station utilization
developmental work will continue in the areas of Space Station furnaces. space acceleration monitoring.
operations centers. and middeck payload apparatus. The research program also encompasses selected studies
in gravitational physics, condensed matter physics. critical point phenomena, and an advanced technology
development program.

The Shuttle/Spacelab Payload Mission Management and Integration program performs the mission planning.
integration and execution of all NASA/Spacelab, NASA/Mir and attached Shuttle payloads. The program
includes integration of the scientific payloads into the various carriers, payload specialist training and
system management and engineering development of Flight support equipment and software.
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The Aerospace Medicine and Occupational Health program is responsible for protecting and promoting the
health, safety and productivity of our astronauts in space and the health and safety of all NASA employees.
Its goals are to oversee implementation of policies, standards and requirements governing all medical
operations within NASA: to develop and recommend requirements for aerospace medicine and operational medical
research to support human spaceflight: and to stimulate the application of space-based technology to health.
The program has been reorganized to include specific medical applications activities. Occupational Health
is supported with Headquarters and Center institutional funding and is budgeted within the new Mission
Support appropriation (Research Operations Support).

The telemedicine project will be augmented during FY 1995. The NASA Authorization Act of 1993 (Public Law
102-588) directed the Administrator of NASA, with the Director of the Federal Emergency Management Agency.
the Director of the Foreign Disaster, and the Surgeon General of the United States, to "jointly create and
maintain an international telemedicine satellite consultation capability to support emergency medical
services in disaster-stricken areas.”" The project"s objective is to facilitate the development of national
and international telemedicine and biomedical telescience infrastructures to enhance disaster response and
improve health care delivery to rural and underserved areas.

A major program emphasis in the life and microgravity science disciplines will be the development of the
cooperative research program with Russia. This program will provide NASA with an unique opportunity to
conduct on-orbit, long-duration research including life and microgravity sciences and to conduct technology
and systems validation for the development and operation of the international Space Station. In addition to
the current 1995 Shuttle/iMir Flight, new activities will incorporate up to nine additional Shuttle flights
to Mir, up to 24 months of total U.S. crew stay time on Mir and an expanded accommodation of U.S.
experiments on Mir, through the use of the Russian Spectr and Priroda modules.

The program will be responsible for the design and development of the Space Station Payload Facilities in

FY 1995. These payloads will provide researchers with facilities for gravitational biology, human research,
biotechnology, combustion and fluids as well as a Habitat Holding System/Centrifuge and a Space Station
Furnace Facility.

A key program objective is that all research must be peer-reviewed. This policy is being implemented by all
elements of the program by utilizing extramural experts to evaluate the technical merit of research
proposals. In some cases involving joint projects with the NIH and the NSF. peer review is done by our
partner agency.
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BASIS OF FY 1995 FUNDING REQUIREMENT
LIFE SCIENCES RESEARCH AND ANALYSIS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Life sciences research and analysisS.......cvuut. 52,900 52.400 43.900
Aerospace medicine and occupational health...... -- 2.700 _8.000
L0 7= Y 52.900 55.100 51.900

OBJECTIVES AND STATUS

The Life Sciences Research and Analysis program goals are to advance knowledge in all relevant areas of
biomedicine and biology and develop technologies and medical and biological systems which enable safe human
habitation in space. The objectives of the Life Sciences Research and Analysis program are to support basic
and applied studies which prepare for flight investigations on the Shuttle, the U.3./Russian cooperative
research program. and the Space Station: to perform analysis of data from previous space flights: and to
develop procedures and techniques in support of human space flight. such as environmental standards and
monitoring equipment. Life sciences research and analysis is composed of seven program elements: (1) Space
Physiology and Countermeasures: (2) Space Human Factors Engineering; (3) Environmental Health: (4) Space
Radiation-Health: (5) Advanced Life Support: (s) Space Biology: and (7) Global Disease Monitoring. Life
Sciences Research and Analysis also includes the following additional projects and activities: data
archiving: NASA Specialized Centers of Research and Training (NSCORTs); advanced technology development: and
National Institutes of Health (NIH) initiatives.

All research sponsored by the Life and Biomedical Sciences and Applications Division will be peer-reviewed
in FY 1994 and FY 1995. For the vast majority of the program. these reviews are being conducted for both
the intramural and extramural research program by the American Institute of Biological Sciences. For the
remainder of the program, peer reviews will be done under cooperative agreements with the NIH or the
National Science Foundation. For all peer reviews, care is taken to assure that the standards are uniform.
that qualified individuals are chosen to evaluate the proposals, and that the reviewers are not associated
with the projects under consideration.

The space physiology and countermeasures program focuses on understanding the mechanisms and preventing the
consequences of acute and chronic physiological and psychological problems associated with human space

flights of extended duration. The space human factors engineering program conducts research and technology
development to improve the interaction of people with machines and environments, in space and on the ground,
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in support of space operations. The objectives of the environmental health program are to assess spacecraft
environmental risks to determine spacecraft maximum allowable concentration limits of environmental
components. and to develop new technologies for environmental monitoring. The space radiation-health
program is working to establish the scientific basis for radiation protection of humans engaged in space
flights. The advanced life support program effort is focused on the development of systems that will
provide air, water, and food to support life through combined physical-chemical-bioregenerative processes
which would require no inputs from the external environment except energy. Other advanced extravehicular
activity technologies are in development to ensure the safety and productivity of future crews. The space
biology program explores the role of gravity in life processes and uses gravity variations as an
environmental tool to investigate fundamental biological questions. The global disease monitoring program
uses the technology of remote sensing to predict ecological changes and disease transmission patterns.

Data archiving efforts will develop an operational database for archiving results of the NASA life sciences
research program that will be accessible to the life sciences community nationwide.

The objectives of the advanced technology development program are to identify and develop technologies that
will significantly improve the science return capability of life sciences flight hardware and. wherever
possible, to ensure that these technologies find commercial sector applications.

Cooperation with NIH has led to the development of new NASA Specialized Centers of Research and Training
(NSCORTsS). =.g., with the National Institute on Deafness and Other Communication Disorders. The NSCORT
program serves to advance basic knowledge, to generate effective strategies for solving problems in focused
research areas, and to train young scientists.

Other NIH initiatives have led to funding of individual investigators, the development of a new program of
NASA supplements to ongoing NIH grants. a series of conferences and workshops to inform the biomedical
research community about research opportunities. and joint activities with the National Library of Medicine
concerning bibliographic databases and flight data archiving.

The Aerospace Medicine and Occupational Health (AMOH) program is responsible for the Agencywide program that
ensures the health and medical aspects of the safety of astronauts and promotes and protects the health and
safety of all NASA employees. The major medical support function of AMOH includes oversight of operational
medical programs for human space flight and Agency aircraft operations. including astronaut selection.
medical certification. medical monitoring, and medical care for astronauts and their families: development
and recommendation of requirements for medical care systems for human space flight and operational medical
research: control and minimization or elimination of exposure to toxic exposures and other health hazards:
health promotion and preventive health care programs: and oversight of compliance with health and health
related laws and regulations. The program is also responsible for demonstrating and promoting the
applications of space-based technologies to health care. including development and maintenance of a
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Congressional ly-mandated international telemedicine program to support emergency medical services to
disaster stricken areas (NASA Authorization Act of 1993 [Public Law 102-588]). The objective of this
telemedicine project is to facilitate the development of national and international telemedicine and
biomedical telescience infrastructures to enhance disaster response and improve health care delivery to
rural and underserved areas.

BASIS OF FY 1995 ESTIMATE

The program®"s basic research during FY 1995 will continue to use Earth-based models to simulate the effects
of weightlessness and other components of the space flight environment. and will provide for extended data
analysis and supporting studies so that investigators can learn as much as possible from data collected in
space. These studies will further refine our understanding of how microgravity can be used to investigate
questions of medical and basic biological importance on Earth such as blood pressure control, maintenance of
bone and muscle mass. vestibular function and the regulation of balance, and cell metabolism and division.
The reduction from FY 1994 funding levels is due to the transfer of the Small Business Innovation Research
(sBIR) funds from the program to a central Agency account.

The environmental health program will develop and refine environmental standards in areas such as
microbiology and toxicology: these standards will be key to developing safe and cost-effective life support
and environmental monitoring systems. The radiation health program will continue to provide for monitoring
of radiation exposure on Shuttle crews. refine dose estimates and study the biological effects (especially
the increased risk of cancer) of space radiation exposure. In order to address NASA"s operational needs.
the space human factors engineering program will test and develop new training procedures, design new
systems that use state-of-the-art knowledge of human operations with complex automated systems. and use
remote. harsh. and isolated environments such as the polar regions to conduct analog studies.

The advanced life support program will develop regenerative technologies which will reduce operations and
life cycle costs, increase mission productivity. maintain mission safety, stimulate the economy. and
facilitate environmental management. During FY 1995 the advanced life support program will continue the
development and demonstration of advanced water processing systems, sensor technologies. thermal control
concepts, and air revitalization technologies.

The global monitoring and disease prediction program will use data from both remote sensing and field
measurements to drive models of mosquito population dynamics and disease transmission. The results will be
used to predict malaria risk at specific sites and times and to facilitate mosquito control methods. During
FY 1995 NASA anticipates that it will work more closely with NIH and the World Health Organization to
evaluate and apply the results of work in this program area.

SAT 2-8



NASA will continue to work with the National Library of Medicine to establish "'Spaceline.' an on-line
bibliographic database in the space life sciences. Supported by FY 1995 resources, '"'Spaceline” will first
be accessible to the scientific community beginning in Fy 1995. Life sciences research and analysis
resources will support the establishment of additional databases designed to make flight experiments and
other research findings more widely available to the general scientific community.

FY 1995 resources will support the establishment of the eighth and ninth NSCORTs. Candidate proposals will
be submitted, reviewed, and executive recommendations will be made by the OFfice of Life and Biomedical
Sciences and Applications Subcommittee. Disciplines will be selected for the new NSCORTs before the end of
FY 1994. During FY 1995 the life sciences NSCORTs will conduct research and training in the following
science programs: Space Biology, Environmental Health. Space Radiation Health; Controlled Ecological Life
Support Systems, Integrated Physiology, Plant Biology and Physiology, and Vestibular Research. Research
training funded by the Center for Vestibular Research, the first joint funded NSCORT. will result in a 20%
increase in trainees in vestibular physiology, relative to the number which existed in the U.S. prior to the
establishment of the center.

The advanced technology development program will sponsor technology development activities that enhance the
capability, reliability or quality of life sciences flight hardware, provide breakthroughs to technical
problems that currently limit science return from existing flight equipment, enable new types of scientific
investigations not previously possible, promote technology transfer of life sciences technologies to
industry, establish partnerships with industry. universities and other agencies to facilitate technology
development and transfer. Each advanced technology development project will be responsible for identifying
technology end-users.

With the reorganization of the NASA Occupational Health function into the Aerospace Medicine and
Occupational Health, the program is responsible for medical support of astronauts and pilots, including
oversight of all operational medical program supporting human space flight. This includes oversight of
medical activities funded under the new institutional Mission Support (Research Operations Support)
appropriation (approximately $27.0 million per year). and is augmented by this FY 1995 request. The AMOH
program will be directly responsible for Clinical Medicine activities including telemedicine. During

FY 1994, AMOH is consolidating oversight of these funds within the Agency to better coordinate medical
support of critical operational programs. In addition, the AMOH is developing operational medicine
requirements during a time of rapidly expanding requirements issues -- operational medical requirements for
Space Station, medical support (including telemedicine support) for our astronaut crews training in Russia,
international telemedicine infrastructure requirements (links to Moscow, Kazakhstan, etc.). and telemedicine
infrastructure requirements to support human space flight (links from Johnson Space Center to Space Shuttle,
Mir, Star City in Moscow, U.S. academic medical centers for consultation, stc.).
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BASIS OF FY 1995 FUNDING REQUIREMENT
LIFE SCIENCES FILIGHT PROGRAM

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Flight experiments program.......ccceeeieennnssss 73,500 99,300 70,000
NASA/Mir Program......eveeeerenenrnrenenrnnnnnns 7,600 33.800 18,700
Space station utilization program............... T -- 5,000
(07=T a1 ol ol 0o 5.500 -- -
Total ..o i s i s 86,600 133,100 93,700

OBJECTIVES AND STATUS

The primary objective of the Life Sciences Flight program is to bring to maturity those investigations
dealing with living systems which require access to space in order to discern and understand behavior.
response, and basic mechanisms in organisms during their adaptation to space. The program includes
selection, definition. science and hardware development, in-flight operation, data analysis. and reporting
on medical, biological and technical evaluation investigations involving humans, animals. and plants.
Selected flight experiments lead to a better understanding of gravitational adaptation and enhance our
understanding of specific phenomena controlling function, modification, and repair of living systems on
Earth. The Life Sciences Flight program includes the following activities:

o the ongoing NASA Shuttle and Spacelab Flight experiment programs:

o the cooperative research program with the Republic of Russia, including the cooperative research
series aboard the Mir; and,

o the science utilization/experiments program planned for the U.3S./Russian/international Space Station.

The rFY 1994 began successfully with the flight of the life science-dedicated Spacelab. SLS-2. This mission
set standards for science operation as well as a record time aloft for the orbiter. During the remainder of
FY 1994 fourteen primary investigators whose research focus is in the cardiopulmonary. metabolic.
neurovestibular and musculoskeletal disciplines. along with 33 investigators in the tissue sharing program
will complete their analyses of the data returned from the 475 subject runs and 11,750 animal tissues. They
will publish their results during FY 1995. The International Microgravity Lab mission, IML-2, with four
NASA-sponsored life science investigations. is also being prepared for a July 1994 flight.
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Also during FY 1994 the program plans to fly six payloads within the Shuttle middeck as part of the life
sciences small payload program that uses human, animal, plant, and cellular subjects. Several of these
missions are scheduled with the cooperation and participation of the National Institutes of Health (NIH).

Life sciences flight experiments received 161 proposals in response to a joint Announcement of Opportunity
(A0) with NIH. The A0 was in support of the Neurolab Spacelab mission, SLS-4. which is now manifested for
flight in 1997. The SLS-3 mission has been canceled because of Agency budget constraints and the earlier
planned availability of Space Station payload opportunities. The program plans to re-manifest some of the
science payloads and experiments on other carriers to the greatest extent possible.

Life sciences flight experiments col laborative research with Russia will accelerate during the next several
years. A number of payloads are being developed for placement on the Mir during FY 1995. at which time a
NASA astronaut will begin a 90-day stay on-orbit. In support of the follow-on space research that the
Administration anticipates with Russia, the flight experiments program this year will further define its
program to take advantage of up to four long-duration U.S. crew stays on Mir and up to ten Shuttle visits.
The program will sponsor investigations in the areas of environmental health. life support technology,
biomedical, basic biological sciences, radiation health. and global monitoring. Finally, during FY 1994.
the program will complete negotiations and obtain the necessary approvals to acquire a half-interest in a
Russian Bion spacecraft.

BASIS OF FY 1995 ESTIMATE

During FY 1995, the life sciences flight experiments program will build efforts initiated during FY 1994 to
construct a well-integrated, efficient, economical response to emerging flight opportunities and
developments. The program expects that emerging opportunities on Shuttle and Spacelab. through the
U.S./Russian cooperation research program, and through the U.S./Russian/international Space Station will
provide complementary flight opportunities which in turn will advance the life sciences program"s research
objectives. The decrease in rY 1995 from the previous year is primarily the result of a reduction in the
Spacelab program activity and other reductions taken for program efficiencies and indirect contractor
reductions. Mir program funding was also substantially less in FY 1995 after reaching a peak in FY 1994.
Space Station work will substantially increase in FY 1995-FY 1996.

The majority of SLS-3 science investigations which are being re-manifested on other carriers will be
supported with FY 1995 resources, enabling participating investigators to achieve their most important
research aims. For instance, a component of SLS-3 science will be re-manifested to fly on STS-71. thereby
taking advantage of the flight opportunities offered by the U.S./Russian cooperation research program.

The life sciences program anticipates that FY 1995 resources will support a more vigorous small payload
program that will include enhanced NIH participation. During FY 1995. the program®"s emphasis will be on
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cooperative science investigations with NIH and the Canadian Space Agency. The science investigationswill
focus on immune cell function in microgravity and on understanding gravity"s influence on developmental
biology. The equipment used to accomplish these investigations are precursors to similar hardware that will
be developed for Space Station. Biomedical investigationswill be carried as appropriate on different
flights in both FY 1994 and FY 1995, leading to crew certification of the Extended Duration Orbiter (EDO)
for sixteen-day flights.

The NMASA/NIH cooperative international SLS-4 mission payload complement will be finalized in FY 1995.
Research proposals were received in December 1993. peer review will occur in mid-FY 1994. and selection for
definition will occur during the summer of FY 1994. The SLS-4 launch is scheduled for late 1997. The SLS-4
mission, also called Neurolab. will be the main NASA contribution to the Congressionally-chartered "Decade
of the Brain" and will be devoted to brain and behavioral research. It will be the first joint Spacelab
with NIH and the National Science Foundation. Substantial foreign participation on this mission is
expected. thereby enabling the U.S. to use hardware previously developed by our foreign partners.

The U.S./Russian cooperation research program will use FY 1995 funds to support the science to be flown on
planned Shuttle missions to the #ir-1 Space Station. Final science package outfitting of STS-71, the first
Shuttle docking mission to Mir-1, will be completed in early FY 1995 with docking scheduled for May 1995.
Funding for the development, integration, and launch of supporting flight hardware in the Russian Spektr.
Priroda. and Progress modules will also be completed during FY 1995. The experiment hardware contained in
these modules will be used throughout the ten U.3./Russian cooperation program.

The FY 1995 resources will also be used for the acquisition of a fourteen-day Bion-11 Biosatellite mission
from the Russians and development of flight hardware. Now scheduled for launch in late 1995 or early 1996.
this mission will be a flight of primates to accommodate muscle and bone physiology and other science
originally planned for the SLS-3 mission. The U.S. investment in the program will purchase 50% of the
payload science and resulting data analysis.

Our collaborative activities with Russia in the Mir and Bion programs will pave the way for the life
sciences program®s use of the U.S./Russian/international Space Station. Space Station activities for the
Life and Microgravity Sciences and Applications program and its science community will include selecting
investigations during FY 1995 and development of the related science for implementation on the Space Station
beginning in FY 1998. The FY 1995 resources for the flight experiments program will enable twenty new
investigations per year for use on the life sciences station facilities.
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BASIS OF FY 1995 FUNDING REQUIREMENT

MICROGRAVITY SCIENCE RESEARCH AND ANALYSIS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Microgravity science research and analysis...... 17.900 18,400 21,700
OBJECTIVES AND STATUS

The objective of this program is to better understand important physical, chemical, and biological processes
that the effects of gravity obscure on Earth. The research and analysis activity provides the scientific
foundation for such understanding and serves as the basis for all current and future projects. Ground-based
research leads to space-based investigations with potential for future terrestrial and space-based
applications. Areas of research emphasis include four primary disciplines: (1) Biotechnology. which
focuses on macromolecular crystal growth and mechanical environmental influences on cell science: (2)
Combustion Science: (3) Fluid Physics, which studies the behavior of fluids and transport phenomena and
condensed matter physics: and (4) Materials Science, which investigates electronic and photonic materials,
metals and alloys. glasses and ceramics. The program also supports selected studies in gravitational
physics, condensed matter physics and critical phenomena (which is referred to as benchmark sciences).
Developing a comprehensive approach of basic and applied research is a major goal of this program.

Microgravity research has demonstrated that gravity influences protein crystal growth and that a reduced
gravity (microgravity) environment improves crystal characteristics. Better understanding of these
characteristics can lead to improved efficiency in drug design and to new techniques for growing protein
crystals on Earth. An important microgravity research instrument, the bioreactor. provides researchers with
a powerful tool for probing mechanisms that influence how cells join together to form tissue.

Combusion is a vigorous area of research. Such research has major international significance in electric
power generation and transportation energy and has potential to play a major role in the reduction of
environmental pollutants. The research has been invigorated by the selection of new peer-reviewed science.

Understanding the behavior of fluids and their effects on materials processes and vapor-liquid mixtures has
profound implications for production and control processes on Earth and in future space engineering
applications. Materials science experiments continue to be a significant component of the microgravity
program with potential applications in industrial production processes. Fundamental physics research can be
conducted in microgravity at a level of accuracy not possible on Earth. Advances in technology for science
instrument development and for basic applications are emphasized.
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These research projects are a result of proposals from the scientific community stemming from NASA research
announcements. These projects are extensively reviewed by peer groups prior to selection and funding. This
program also provides analytical support and technology development for future ground and space research
capabilities. The advanced technology development program encompasses a wide variety of technologies and
techniques including crystal growth instrumentation development, real time X-ray microscopy. combustion
dynamics and microwave furnace development. This development work will significantly enhance the capability
or quality of microgravity experimental hardware.

BASIS OF FY 1995 ESTIMATE

Ground-based research and analysis will continue in FY 1995 in the areas of biotechnology, combustion
sciences, fluid physics, materials science. and benchmark science. Research objectives include definition
of the role of gravity-driven influences in a variety of processes. Specific areas of research will include
tissue culture technology, protein crystal growth phase transitions and critical phenomena, solid-fluid
interface dynamics. near-limit flammability and combustion stability and the solidification and crystal
growth of metals and alloys. Solicitations (NASA Research Announcements and Announcements of Opportunity)
in fluid physics and materials sciences will be released to focus and expand the science community
involvement in these areas. This will allow for the development of strong candidates for future flight
opportunities.
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BASIS OF FY 1995 FUNDING REQUIREMENT
MICROGRAVITY SCIENCE FLIGHT PROGRAM

FY 1993 FY 1994 EY 1995

(Thousands of dollars)
Flight experiments program......ccceveuseeennnnns 151.600 149,100 83,200
NASA/Mit Program.......ceveveveernrenrnrennnnnns 4,400 5.800 18,400
Space station utilization................ccuuu.s. . 3.300 5.600
L0 7= 1 156,000 158.200 107,200

OBJECTIVES AND STATUS

During FY 1993. the second United States Microgravity Laboratory (USML-2). the second United States
Microgravity Payload (USMP-2) and the second International Microgravity Laboratory (IML-2) missions were
under development.

The Flight Experiments program provides hardware for experiments for a wide range of flight opportunities in
the Shuttle middeck. Spacelab, and Shuttle cargo-bay experiments that will achieve the objective of better
understanding key physical, chemical and biological processes in the microgravity environment. The program
includes selection definition and development. in-Flight operational support and data analysis for all
Microgravity flight experiments. In FY 1994. the premier Microgravity missions will be the second flight in
the International Microgravity Laboratory Spacelab series (IML-2) and the second flight in USMP non-
pressurized volume Shuttle series (usip-2). Flight hardware such as Space Station acceleration measurement
systems and furnaces will also be designed and developed in support of the NASA/Mir program. In FY 1994.
design of Space Acceleration Measurement System (SAMS-II) for the Space Station will also be initiated.
These opportunities allow for conducting microgravity research, consistent with the strategy of evolving
microgravity experiments from short to long-duration periods of on-orbit operations.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funds are required to continue experiment payload development for use in the Shuttle middeck.
Spacelab. and Shuttle cargo bay for future flights of the USML and USMP series and for the Microgravity
Sciences Laboratory (#SL) Spacelab flight scheduled for 1997. Investigations are planned in electronic
materials, metals and alloys, glasses and ceramics, biotechnology, combustion. and fluid physics and
dynamics. The decrease in FY 1995 from the previous year coincides with a reduction in Spacelab activities
and substantial reductions taken for contractor indirect manpower program efficiencies. reduction of
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in-house support service contractors, and the transfer of SBIR funds to a central Agency account. Space
Station activities will accelerate substantially in FY 1995-FY 1996.

In FY 1995 the development begins of new equipment for the Shuttle middeck and other planned Spacelab
missions. This new equipment will be used to carry out scientific investigations chosen from NASA Research
Announcements in Combustion Science, Materials Science, Biotechnology, Fluid Physics, and Benchmark Science.
These investigations represent the future of the microgravity science program, as the results of USML, IML.
and USMP missions series are disseminated, and the program readies investigations for later Shuttle
missions. The major microgravity Spacelab mission in FY 1995 will be the USML-2.

Activities will continue in FY 1995 on the first cooperative U.S./Russia Spacelab-Mir mission. scheduled for
a 1995 launch. Funding will support up to four additional long module flights with Mir. with the First
flight in 1996. Three and one-half double racks are planned for each of these flights for fluids.
combustion. and materials sciences experiments. EXPRESS rack utilization is part of this plan. In
addition. the Mir is to be utilized for Biotechnology (equivalent of eleven middeck lockers): glovebox
experiments (equivalent of seven middeck lockers), and for measuring the acceleration environment
(equivalent of 4.5 lockers). Microgravity sciences and applications also plans to use the Russian furnaces
for materials research. Additional locker spaces are planned for stowage and resupply of experiments.

Space Station utilization efforts will intensify with substantial work being initiated for integration.

training and operations preparation, middeck payload development for biotechnology, fluids and combustion
experiments and continued work in developing acceleration measurement systems.
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BASIS OF FY 1995 FUNDING REQUIREMENT
SHUTTLE/SPACELAB MISSION MANAGEMENT AND INTEGRATION

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Shuttle/spaceladb mission management
and Integratlion ......coviirenranrnnnnrnnsnnnnns 94,100 111.500 112.400

OBJECTIVES AND STATUS

The primary objective of the Shuttle/Spacelab Mission Management and Integration program is to provide the
mission planning. integration, and successful execution of all NASA Spacelab. NASA/tir, and attached Shuttle
payloads. This includes system management and engineering development of flight support equipment and
software; development of certain interface hardware between payloads and platforms; payload specialist
training and support: integration of the science payloads with the Spacelab system; payload flight
operations: and data dissemination to experimenters.

Mission management activities are ongoing for several NASA Spacelab and attached Shuttle payload missions.
Missions scheduled for flight in calendar year 1994 include the second flight of the cooperative
International Microgravity Laboratory (IML-2). the second flight of U.S. Microgravity Payloads (UstP-2), the
first and second flights of an imaging radar (SLR-1 and 2). and the flight of the Lidar In-space Technology
Experiment (Lite-1). Preliminary work for other missions will also be initiated in FY 1994.

Mission management activities also commenced in 1994 in support of the first flight of the Spacelab Mir
(SL-M) mission in mid-1995 with preparations for experiment hardware shipments to Russia for installation
and launch aboard the Russian modules, Spektr and Priroda. The integrated payload design for SL-M was
completed in December 1993, and implementation of this mission for 1995 is in progress. The NASA/Mir
program will provide an excellent opportunity to demonstrate technologies which may be applicable to the
development and operation of the international Space Station program.

BASIS OF FY 1995 ESTIMATE

Mission management activities will continue in FY 1995 with several Spacelab missions planned this fiscal
year [Astronomy Spacelab-2 (ASTRO-2). Atmospheric Laboratory for Applications and Science (ATLAS-3). USML-2.
and Spacelab-Mir]. [In addition. mission management activities will continue for the ongoing research
activities aboard Mir with both U.S. astronauts and cosmonauts, the preparations and launch of the second
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mission to Mir. planning and preparations for additional docking missions to Mir
crew exchange and logistics resupply. The Agency has implemented initiatives to
the Spacelab mission management activities. NASA has established a challenge to
support contractors and indirect rates, and to implement management efficiencies

in FY 1996 and FY 1937 for
reduce the overall cPsts of
reduce mission manag?ment
and consolidations.
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BASIS OF FY 1995 FUNDING REQUIREMENT

SPACE STATION PAYLOAD FACILITIES

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Life sciences faCilitieS. v iviriirnenernrnnnnns (5,500) 26,000 52.000
Microgravity facilities..............covvviit - - 13,000 32,000
L0 7= Y (5.500) 39,000 84,000

OBJECTIVES AND STATUS

Gravity is a universal force that affects every aspect of our life, shaping all physical, chemical and
biological processes. Low Earth-orbit offers a unique environment with a near-absolute vacuum, a spectrum
of radiation. temperature extremes and reduced gravitational forces. The Space Station. as a permanently
space-based laboratory, offers the opportunity to study fundamental processes without the masking influences
of Earth"s gravity. The Space Station will be an interactive laboratory in space modeled closely after
those on the ground. The observations of the crew, their ability to change protocols and enhance the
science is critical to the types of experiments planned for life and microgravity sciences. Six facility-
class payloads will be developed for the Space Station: (1) Human Research Facility (HRF), (2)
Gravitational Biology Facility (GBF), (3) Habitat Holding System (HHS)/Centrifuge, (4) Fluids/Combustion
Facility (rCF), (5) Biotechnology Facility (BTF). which includes protein crystal growth experiments, and (6)
Space Station Furnace Facility (SSFF). These facilities will be able to accommodate a wide variety of
principal investigators across a broad range of scientific disciplines.

The Human Research Facility. Gravitational Biology Facility and the Habitat Holding System/Centrifuge
Facility will be managed under the Life and Biomedical Sciences and Applications program. The HRF will
provide monitoring of the crew in their adaptation to space so that countermeasures to this adaptation can
be developed in order to lessen potential problems on return to Earth. It will also enable the conduct of
basic science investigations into the mechanisms leading to these changes. The HRF provides state-of-the-
art instruments to study most body systems, (e.g.. metabolic, fluid, heart/lungs, nervous system, muscle.
bone, etc.). The GBF will allow researchers to monitor and interrogate a number of lesser species (plants.
cells, insects, fish, =tc.) in order to understand their adaptive processes. The GBF will not only provide
the life support for the specimens and standard measurement instruments but also allows for integration of
investigator-unique equipment to conduct specialized studies normally performed in the ground-based
laboratories. The Habitat Holding System/Centrifuge facility will include zero-g holding facilities for
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these species. necessary transport and life support accommodations as well as a rotor that provides both
one-G and fractional gravity levels to animals and plants. This facility will represent a marked
enhancement of basic research capability for life sciences and has been a top priority recommendation of the
National Academy of Sciences for several years.

The Microgravity Sciences and Applications program will manage the development of the Fluids/Combustion
Facility. Biotechnology Facility (including Protein Crystal Growth payloads) and the Space Station Furnace
Facility (SSFF). The Fluids/Combustion Facility will play a key role in understanding combustion processes
and fluid dynamics in the absence of gravitational forces. This work has great potential for Earth
applications in a wide variety of fields including energy generationlutilization. transportation. materials
processing and power plant operation. This facility will consist of common support systems and combustion
and Fluids racks for experiment-specific hardware. The Biotechnology Facility will provide researchers with
a better understanding of complex protein structures and maintenance and response of mammalian tissue
cultures in microgravity. This knowledge can be applied to the production of both space-based and
terrestrial pharmaceuticals, medicines and biological substances. The SSFF will consist of three racks. one
for diagnosticlcontrols and two racks devoted to instruments. The work performed in the SSFF has potential
application in the materials industries such as electronics and metals/alloys/ceramics development.

The FY 1994 efforts are focused on definition studies and technology development for these payload
facilities. Full scale development of the Space Station Furnace Facility was initiated in November 1994.
The development contract award (Phase ¢/p) for the Habitat Holding System/Centrifuge IS also planned for
FY 1994. Preliminary requirements analysis and design efforts will be performed for the GBF, HRF. BTF. and
Protein Crystal Growth Payloads. The SSFF. GBF and portions of the FCF will be performed in-house at the
Marshall Space Flight Center. the Ames Research Center, and Lewis Research Center respectively.

BASIS OF FY 1995 ESTIMATE

The FY 1995 requirements for the life sciences and microgravity sciences payload facilities are based on
science and technical requirements and the expected on-orbit availability of the Space Station payload
capabilities. The initial increments for the GBF and HRF are planned for first deployment in FY 1998 and
will be delivered to the station as part of the U.S. laboratory module outfitting flight. The next GBF and
HRF facility increments are targeted for FY 2000. The Habitat Holding System and Gloveboxz of the Centrifuge
Facility will be delivered to the Station in 2002. The centrifuge rotor is planned for launch in 2004.
Microgravity protein crystal growth payload facilities are planned for FY 1997 launch, the Biotechnology
Facility will be deployed in FY 1998. and the Furnace Facility and the Fluids/Combustion Facility are
targeted for station delivery in FY 1999.

In FY 1995. detailed configuration design work will begin and selected subsystems manufacture will begin for
the GBF and HRF. Detailed design and initial development of the Centrifuge will also accelerate.
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Fabrication will begin on the protein crystal growth payloads. The BTF, SSFF. and FCF will be in the design
phase in FY 1995. Preliminary Design Reviews (PDR) will be held in FY 1995 for the BTF and portions of the

SSFF and Fluids/Combustion Facility.
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Mission to Planet Earth /




SCIENCE, AERONAUTICS, AND TECHNOLOGY

FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY

OFFICE OF MISSION TO PLANET EARTH

SUMMARY OF RESOURCES REQUIREMENTS

Earth observing system.........vcivvieninnennnnns
Earth observing system data

information system ........cciviiirenrcnrnnnnnns
Earth probes......ccciiiiiiiiiii i e earnnanasns
Space station attached payloads.................
Advanced communications technology satellite....
Payload and instrument development..............
Ocean color data purchase........ccovviiinnnnnn
Consortium for international earth science

Mission operations and data analysis............
Interdisciplinary research..........c..ccvvveen.
Modeling and data analysiS.......ccvviivinnnenss
Process StudieS...cuviiirinrinrrnnrnnrnnssnnnnns
Airborne science and applications...............
Mission to planet earth information systems.....

Subtotal.. vttt i i ettt st

EFY 1993

263.747

130,688
99,413
3,968
35.461
15,570

18.000
25.000
93,983
4,453
42.571
119.255
20,707
11.200

884.016

EY 1994

(Thousands of dollars)

318.776

188.158
96,426
3,000
22,900
3.400

5,000
54,100
97,444

5,000
44,245

129,667

25,200

11,184

1,004,500

FY 1995

455,100

284,900
82,000
9,800
2,300
19.500
600

6,000
62,400
97,500

4.600
41,200

119.400
26,000

9.800

1,221,100

Page

SAT

SAT
SAT
SAT
SAT
SAT
SAT

SAT
SAT
SAT
SAT
SAT
SAT
SAT
SAT

Number

3-7

3-10
3-13
3-15
3-16
3-17
3-20

3-21
3-22
3-23
3-26
3-27
3-30
3-33
3-35
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SCIENCE, AERONAUTICS. AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY
OFFICE OF MISSION TO PLANET EARTH

SUMMARY OF RESOURCES REQUIREMENTS
Page

FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)

Construction of Facilities

Earth systems science building.................. -- 12,000 17,000 CF 2-1
Langley research center distributed active
archive center ........ciiiiiiiiirnrcnrnrnnenns -- 8.000 --
Goddard space flight center distributed
active archive center ....vovivierirnnrnennrnss 15,300 -- --
Consortium for international earth science
information networks building ................. 37.000 -- --
Subtotal.......iiiiii i i e 52.300 20.000 17.000
L0 1 - 1 936,316 1,024,500 1.238.100

Johnson Space Center......ccviiviiirnnrnncnnnnns 211 130 130
Kennedy Space Center.......covviirrnnrnnncnnnnns 75 100 100
Marshall Space Flight Center.............ceuuu.. 10,467 29,100 7,100
Stennis Space Center.....coviivinnrnnrnnrnrnnns 711 600 500
Langley Research Center........ccviviiinnnnnnnns 24.955 41,600 43,300
Lewis Research Center. ......viivvvrcnnrnnnnnnnns 4,063 3.500 1,900
Ames Research Center........ccviiviiirnnnennnnns 39.518 35,900 34,000
Goddard Space Flight Center.......cvvvviinnnnnns 607,142 605.400 815,000
Jet Propulsion Laboratory.......covvvviiinnnnnns 114.616 167,200 203,400
HeadquartersS. .. .cuviieiencnenrnrasanensnnnsanns 134 _.558 140,970 132.670

L1 1= 1 936,316 1.024.500 1.238.100
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SCIENCE, AERONAUTICS, AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
, OFFICE OF MISSION TO PLANET EARTH
OBJECTIVES AND JUSTIFICATION

The ongoing Mission to Planet Earth (¥MTPE) program is making critical, near-term contributions to
understanding the Earth as an integrated system as well as environmental issues. such as global warming and
ozone depletion. NASA"s base program combines ground-based measurements, laboratory studies. data analysis
and model development with a progressive series of satellite missions studying cloud climatology, Earth
radiation budget, ozone levels, atmospheric chemistry, and ocean circulation. The NASA program also
supports a broad interdisciplinary, basic research program.

The ability to measure the extent of both the natural and human-induced changes in our global ecosystem is
only a preliminary step: the capability to model and predict the consequences of global change is the
ultimate objective. The U.S. Global Change Research Program (USGCRP), in which NASA is a major participant.
provides a focused and effective mechanism for coordinating and directing federally-funded global change
research.

The specific objectives of the NASA Mission to Planet Earth program are to improve our understanding of the
processes in the atmosphere, oceans, land surface and interior of the Earth. and to advance our knowledge of
the interactions between these components. The program provides space observations of parameters involved
in these processes and extends the national capability to predict environmental phenomena. both short and
long term, and their interactions with human activities. Because many of these phenomena are global or
regional. they can be most effectively, and sometimes only. observed from space. NASA"s programs include
scientific research efforts as well as the development of new technology for global and synoptic
measurements. NASA"s research satellite, Shuttle/Spacelab payload, and airborne science and applications
programs provide a unique view of the planet Earth, its physical dynamics, radiant energy. chemical, and
ecological processes that affect habitability, bio-diversity. and the solar-terrestrial environment.

NASA has established several significant objectives in the Mission to Planet Earth program for the next
decade. Missions and research will emphasize advancement of our understanding of the upper atmosphere
through the determination of the spatial and temporal distribution of ozone and select nitrogen, hydrogen,
and chlorine species in the upper atmosphere and their sources in the lower atmosphere. NASA researchers
will continue to investigate the solid Earth system and will characterize the current state of the
terrestrial landscape. including the biosphere and hydrosphere.
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Investigators already use space-derived measurements to increase understanding of large-scale weather
patterns. Researchers will increase capabilities for severe storm forecasting as well as knowledge of ocean
productivity, circulation. and air-sea interactions. A long-term strategy for climate observation and
prediction is required improve knowledge of seasonal climate variability. Understanding the cycling of key
biogeochemical elements and interactions between the biosphere and the climate system is essential to our
understanding of the global environment.

The major element of Mission to Planet Earth is the Earth Observing System (E0S), the primary objective of
which is to document global climate change and to observe regional-to-global scale processes. Utilizing
several satellite series. EOS will document global climate change over a fifteen-year period to provide
long-term data sets for use in modeling and understanding global processes. This process and modeling
research effort will provide the basis for establishing predictive global change models for policy makers*
and scientists” use in formulating strategies to manage human impacts on global processes such as the
greenhouse effect. ozone depletion. and deforestation.

The Earth Probes program provides small, specialized satellites, as well as instruments for non-NASA
satellites to complement data gathered by EOS. These satellites require special orbits and spacecraft
capabilities and will provide data on tropical rainfall (Tropical Rainfall Measurement Mission (TRMM)),
ocean wind speed and direction (NASA Scatterometer). and global ozone concentrations (Total Ozone Mapping
Spectrometer (TOMS)). These missions are necessary for a more complete understanding of the global climate
system.

The Advanced Communications Technology Satellite (ACTS) was launched in September 1993. The program will
maintain U.S. leadership in the communications satellite market through the development and flight
verification of advanced technologies that enhance the capability of communications satellites. The budget
for ACTS remains in the Mission to Planet Earth program. but following completion of on-orbit checkout. ACTS
management responsibility will be assumed by of the Office of Advanced Concepts and Technology (0ACT).

The objectives of the Payload and Instrument Development program are to develop, test, and evaluate Earth-
viewing, remote sensing instruments and systems. Experimenters will obtain data necessary for basic
research projects as well as provide correlative and developmental feasibility information for major free-
flying spacecraft. Planned missions in 1994 include two launches of the Shuttle Radar Laboratory (SRL), the
Light Direction and Ranging (LIDAR). the In-Space Technology Experiment (LITE). and the Atmospheric
Laboratory for Applications and Science (ATLAS-3). The LITE is an Advanced Concepts and Technology project
with Mission to Planet Earth contribution.

The Space Station Attached Payloads program in Mission to Planet Earth will take advantage of the long-

duration, Earth observation opportunities aboard the Space Station. The First attached payload under
development is the Stratospheric Aerosol and Gas Experiment III (SAGE III).
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The Consortium for International Earth Science Information Network (CIESIN) will increase our understanding
of the human dimensions of global change by developing and operating the Socio-economic Data Applications
Center (SEDAC) and by providing a framework for the integration of social and natural science data for

research.

The Federal Government is committed to the continued acquisition of Landsat-type data for global change
research use and other Federal. state, local. and private sector users® needs. The Administration is
working to assure existence of a Landsat-7 program that both provides data continuity with previous Landsat
data and is affordable in terms of the constrained Federal budget environment.

The long-term ocean color data sets purchased by NASA will contain data useful for research in areas of
biological productivity and ecology of oceans, seas, and larger lakes.

The Mission Operations and Data Analysis program collects data from operating Mission to Planet Earth
missions. The Upper Atmosphere Research Satellite (UARS) and Ocean Topography Experiment (TOPEX)/Poseidon
missions are the most recent launches. The TOMS instrument launched on the Russian Meteor-3 spacecraft in
1991, continues to collect ozone data. The Earth Radiation Budget Experiment (ERBE), launched on the Earth
Radiation and Budget Satellite (ERBS) in 1984. continues to provide valuable data on total solar irradiance
and its temporal variations.

The Interdisciplinary Research program will continue integrating discipline-specific research activities
into a unified program that will help increase our understanding of critical global processes. Specific
pilot studies to be conducted include processes for controlling atmospheric methane concentrations. changes
in land surface properties and their effect on climate, and the role of oceans in the global carbon cycle.

The Modeling and Data Analysis program focuses on developing predictive models for global change and
analyzing data sets to determine mechanisms at work in the global environment. The program emphasizes two
major areas: physical climate and hydrological systems, and biogeochemistry and geophysics. Specifically.
research will stress the development of coupled global atmosphere-ocean models to diagnose the present
climate. to assess impact to the climate of increases in atmospheric trace gases such as carbon dioxide. and
in the experimental forecasting of climate on the inter-annual to decadal time scale. Researchers will work
to improve techniques for assimilation of satellite data for model initialization and validation.

The Process Studies program will utilize a variety of techniques to develop an understanding of the
processes at work in the global environment and to determine interdependencies that may impact global change
management strategies. The program will utilize existing data sets and will conduct field experiments that
will enable researchers to understand global environmental dynamics. Process studies concentrate on four
major interdisciplinary categories: radiation dynamics and hydrology: ecosystem dynamics and biogeochemical
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cycles: atmospheric chemistry: and solid Earth science. including operation of the laser research
facilities.

The Airborne Science and Applications program continues to provide aircraft based platforms for observing
and investigating mechanisms in ozone depleting reactions in the atmosphere over the Arctic and Antarctic.
The Airborne program also provides a variety of platforms for diverse studies in oceanography, terrestrial
ecology, hydrology. soil studies. tropospheric chemistry. and geology. In addition, the FY 1994 program
will focus on a number of international campaigns in Australia (Tropical Oceans Global Atmosphere (TOGA)
Program) using the ER-2 and DC-8 aircraft, and Australia and South America for SIR-C precursor studies using
the DC-8/AIRSAR (Airborne SAR) system.

The Mission to Planet Earth information system activity will continue supercomputing at the Goddard Space
Flight Center (GSFC) and the Jet Propulsion Laboratory (JPL), including upgrades to keep pace with
requirements.

The Mission to Planet Earth budget includes programmatic construction of facilities. The Earth systems
science building to be located at GSFC will house civil service, contractor, and visiting science personnel
conducting global change and Earth science research. Two of the eight EOS Data Information System (EOSDIS)
distributed active archive center, one at the Langley Research Center and the other at GSFC. will support
EOS and the EOS precursor missions. The FY 1993 budget included funds for the building to house the
Consortium for International Earth Science Information Networks.

Education will continue to be an important element of Mission to Planet Earth, with efforts integrated
closely with program activities and reviewed on a regular basis. Such efforts prepare the future Earth
system science and technical workforce, enhance teacher preparation and understanding of the field, and
improve public understanding of, and broaden participation in Earth system science. Specifically, the
graduate fellowships in global change research fund approximately 200 graduate students per year in a broad
range of scientific investigations. diverse activities - many of them pilot programs - to develop new
curriculum. supporting materials, and institutional capability will continue. Other projects actively
involve students and teachers in improving skills and knowledge in Earth system science.
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BASIS OF FY 1995 FUNDING REQUIREMENT
EARTH OBSERVING SYSTEM

EY 1993 = EY 1994 = EY 1995
(Thousands of dollars)

AM SIS .. ivriirennrsnnrennsnnrsnnssnnsnnnsnnns 180,782 196,659 243,800
PM SEr IS . i it uetnnsnnssnesnnsnnsnnssnnsnnsnnsnns 24.631 55.700 78,500
ChemIStrY it it e it e et en s en s anannnnns 1.251 2.200 5.900
Special spacecraft........iciiiiiiiiinnnnnnnnnas 12,606 17,425 50,100
S o 1= 1 1o < 44 477 46,792 76.800
1101 5= 1 263.747 318.776 455.100
Launch VehICIeS . v i i e iitnernarnsnnsnnrnnnns (2,800) (16,200) (55,400)

ORJECTIVES AND STATUS

The objective of the Earth Observing System (EOS) is to acquire a long-term set of comprehensive
measurements of various aspects of the Earth system. The EOS program will provide the basis for predictive
global climate change models for policy makers®" and scientists” use in formulating strategies to mitigate
human impacts on global processes such as the greenhouse effect, ozone depletion, and deforestation. The
EOS program fulfills the science requirements of the Intergovernmental Panel on Climate Change (IPCC).

The EOS program will provide comprehensive measurements of parameters affecting global climate change. The
program includes three U.S. flight series: the morning (AM), afternoon (¢¥), and Chemistry. The special
spacecraft include the Altimetry and Aerosol series, which will depend on international participation, and
the possible flights of some instruments on Japanese, European, and other international spacecraft. The EOS
also includes an ocean color data purchase. The science budget supports interpretation of the collected
data. The AM, PM. and Chemistry flight series will be designed to last five years, flying three times.
making measurements over fifteen-year periods. The AM series science objectives are to measure physical and
radiative properties of clouds: air-land exchanges of energy, carbon, and water: and vertical profiles of
carbon monoxide and methane. The PM series will study cloud formation, precipitation, and radiative
properties: air-sea fluxes of energy and moisture: and sea-ice extent and heat exchange with the atmosphere.
The remaining EOS missions will examine aerosol and chemical properties of the troposphere and stratosphere.
ocean altimetry and circulation, and ice sheet mass balance.
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The EOS missions will monitor many parameters that are indicators of the state of the environment. such as
the spatial and temporal distribution of tropospheric and lower stratospheric gases. In addition.
interdisciplinary theoretical investigations will utilize EOS data sets and complementary data sets to study
such phenomena as ecosystem distributions and conditions: biogeochemical fluxes at the ocean-atmosphere and
, land-atmosphere interfaces: the global carbon cycle: and atmospheric composition.

The AM-1 program has concluded the Preliminary Design Review (PDR) phase with the system-level observatory
PDR in September 1993. In preparation for the system-level PDR. all AM-1 instruments completed PDR's. The
last instrument to enter Phase C/D, the Canadian Space Agency-supplied Measurement of Pollution in the
Troposphere (40PITT), held an interface PDR in the summer of 1993. followed by a full PDR in December 1993.
The AM-1 is now entering its Critical Design Review (CDR) phase: the U.S. supplied instruments began CDR
with the Clouds and the Earth"s Radiant Energy System (CERES) in December 1993. to be followed by the
Moderate-Resolution Imaging Spectrometer (MODIS) in the second quarter of 1994. The spacecraft component
and subsystem CDR"s and the AM-1 launch vehicle selection are scheduled to begin by the third quarter.
These activities will lead to the system-level CDR in FY 1995.

Technical progress under way on AM-1 includes the technology demonstration of the Capillary-Pumped Heat
Transport System flight experiment (CAPL) on STS-60 and the radiation testing of the new memory storage
chips for the solid state recorder. a baseline change effected last year to take advantage of new technology
available in the commercial sector. Engineering models of the three U.S. instruments are currently in
fabrication, assembly, or test to support the CDR"s. Refurbishment of the engineering models, or
fabrication of new hardware, for protoflight units will begin before the end of the 1994.

Current Phase B studies of the P¥-1/Chemistry-1/AM-2 common spacecraft observatories have been extended in
order to consider alternative configurations that allow the use of medium-sized launch vehicles. The
extended studies are expected to come to a close in FY 1994, leading to the release of a Request For
Proposal (RFP). Activity on the instruments include the continuation of Phase B studies, particularly the
Microwave Limb Sounder (MLS), which is considered a technologically demanding effort. Notable progress has
been achieved on the cooler development in support of the Atmospheric Infrared Sounder (AIRS) instrument,
and successful demonstrations at more than one vendor are anticipated before the end of FY 1994. Other
activities include a search for an alternative source for the Microwave Humidity Sounder (¥H3) or equivalent
instrument (originally being provided by an international partner). NASA is studying alternative
configurations for the small spacecraft series, Altimetry, in concert with the science community.

The EOS PM and related spacecraft bus detailed definition phase was extended to permit further consideration

of spacecraft configurations compatible with a medium-class expendable launch vehicle (ELv). IF this
approach is determined to be technically feasible and consistent with EOS program requirements, the MELV-
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compatible approach would be reflected in reduced funding estimates for launch vehicles and a revised cost
and schedule plan consistent with the application of savings to the E0S program. The current program
scheduled and funding plans assume a larger spacecraft platform and commensurately sized ELV.

"Science activity. especially within the AM-1 program. has shown progress in defining the standard data
products to be produced by EOS. A baseline set is now currently documented within the EOS Project Plan. and
will be verified by the investigators in FY 1994. The science budget provides for the EOS ocean color data
purchase. The algorithms. which interpret the radiance data into geophysical parameters. are entering the
early design stage. paced by design maturity of the instruments and the delivery of the product generation
system toolkits from EOS Data Information System (EOSDIS).

BASIS OF FY 1995 ESTIMATE

Most activity during FY 1995 will be concentrated on final design of AM-1. the flight of opportunity
instruments, and the science algorithms. On AM-1, NASA will complete the CDR"s for the spacecraft
subsystems and instruments, so final designs can be verified at the system-level CDR in the second quarter
of FY 1995. Also in FY 1995, the flight software CDR will be completed. In FY 1995, assembly of subsystem
components will be completed for the power, electrical, thermal control, guidance, and navigation. NASA
will test the subsystems iIn preparation for spacecraft integration and test in FY 1996. The flight units of
two of the U.S.-made instruments (MODIS and CERES) will also complete assembly and test. Calibration of the
engineering model of Multi-Angle Imaging Spectrometer (¥ISR), the third U.S. instrument. will be
accomplished, and parts for the protoflight unit will be procured. Phase B and preliminary design
activities will continue on the instruments planned for the PM-1 and Chemistry flights.

Two EOS flight of opportunity instruments will be delivered to the Tropical Rainfall Measurement Mission
(TRMM) program in FY 1995, the protoflight unit for CERES and the Lightning Imaging Sensor (LIS). A third
flight of opportunity instrument, SeaWinds (Fformerly called NASA Scatterometer II) will complete instrument
subsystem (i.e., antenna, power supply) CDR"s in preparation for the instrument CDR in FY 1996. for delivery
to the Japanese Advanced Earth Observing System II (ADEOS II) program.

The AM-1 science teams will deliver the preliminary '"beta" version of the science algorithms to the EOSDIS,
and procurement will be under way for the ocean color data purchase, which will ensure data coverage after
1998 and before the PM-1 launch.

The increase from FY 1994 to FY 1995 accommodates the planned increase in EOS work leading to first launch

in 1998, offset by reductions to support contractor and the transfer of Small Business Innovative Research
to Advanced Concepts and Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT

EARTH OBSERVING SYSTEM DATA INFORMATION SYSTEM

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Earth observing system data information
SYSTEM 4ttt it ie i in i a it i 130,688 188,158 284,900

OBJECTIVES AND STATUS

A key element enabling Earth Observing System (E0S) to meet the program®s long-term science goals, and those
of Mission to Planet Earth, is the E0s Data and Information System (EOSDIS). The EOSDIS will provide the
processing. storage, and distribution of the EOS science data and the resulting scientific products. The
EOSDIS system will also have the capability for spacecraft and instrument command and control.

Additionally. EOSDIS will provide data archive and distribution and information management for all NASA
Mission to Planet Earth data.

The EOSDIS will be evolutionary, with capability phased to support the requirements of the rescoped EOS
program and those of other Mission to Planet Earth spacecraft and data sources. The Distributed Active
Archive Centers (DAAC"s) will perform continuous processing of instrument data to derive the underlying
scientific parameters of interest. The network will link the archived data and products so that
investigators may access the entire set of holdings from any entry point. An information management service
will help users locate data within the total archive. The network also will interface with international
partner instruments and control facilities and will provide data to operational agencies such as the
National Oceanic and Atmospheric Administration (NOAA).

The EOSDIS includes the development of operational ground systems for spacecraft and instrument command and
control, the EOS Data Operations System (EDOS) and the EOS Communications System (ECOM). These systems
accept data from the Tracking and Data Relay Satellite System (TDRSS) ground terminal, process it. and
deliver data products to the DAAC"s and control centers through the EOSDIS. The EOSDIS also provides for
the Independent Verification & Validation (1v&v) of the EOSDIS core system.

The Version O prototype has been successfully demonstrated to the DAAC user working groups and several other
test users. Demonstrated functions included the browse product generation, the data dictionary, graphical
user interface, and integration with the Global Change Master Directory (GCHD) . All of the original DAACs
are now on-line: the Consortium for International Earth Science Information Network (CIESIN) role as the
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socio-economic data center is being further refined, and the Version O Information Management System (IMS)
will be ported to the Oak Ridge National Laboratory DAAC in FY 1994.

All Version O work is on schedule for the major milestone of an operational Version O prototype with final
architecture in the third quarter of 1994. The operational prototype will make available to all researchers
the first Earth science view of aggregate DAAC holdings, with the same view available from any and all of
the DAAC"s. This will include a product request graphical user interface with cross-DAAC inventory search,
coordinated user services and 259 NASA data sets, including the first pathfinder products. Other pathfinder
data sets in work are reprocessing data from operational NOAA and military instruments. as well as NASA
research instruments. to create long time-series of global and regional data sets of higher-level
geophysical parameters.

The EOSDIS Core System (ECS) development is now under way with a System Requirements Review (SRR) held in

FY 1993. As a result of the issues raised at SRR. two universities will perform independent ECS architecture
studies, beginning in January 1994. Other progress within ECS has been the product generation system
toolkits, needed by the science teams to develop the science software used by EOSDIS to produce the
geophysical parameters from the 205 instruments. Specifications for the toolkits have been delivered to the
stience teams, and phased deliveries of the actual toolkits themselves will begin in late FY 1994.

Contract selection to awards for both the EDOS and the IVCV projects occurring in FY 1994_. The EDOS project
will hold SRR later in FY 1994. while the 1VCV contractor will assume responsibility for the requirements
database in preparation of testing the ECS releases beginning in FY 1995. In-house EOS Communications
(ECOM) activities will include a system design review and preliminary design review. A request for proposal
for commercial communications software will be released in FY 1994 for an award later in the year.

BASIS OF FY 1995 ESTIMATE

Funding is needed in FY 1995 to support the development of the EOSDIS Core System (EC3) as the project
enters the first release cycle. Release A, which will be complete in FY 1996. will initiate the transition
from the Version O prototype at four of the DAAC"s and support the pre-EOS mission data products from TRMM.
Landsat. and the ocean color data purchase. Also in FY 1995. the final product generation system toolkits
for algorithm development will be delivered to the scientists for use on the science computing facilities at
both the flight science teams and interdisciplinary investigators. The science computing facilities. also
funded by EOSDIS. will continue to upgrade the computing resources needed by the science investigators to
develop the science algorithms.

Other aspects of EOSDIS which will be in work during FY 1995 are the EDOS. scheduled for a Preliminary

Design Review (PDR), and ECOM. scheduled for both a Critical Design Review (CDR) and a test readiness
review. With both these systems coming together for interface testing in FY 1996, FY 1995 will be a crucial
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year for detailed design. In addition, the ground systems integration plan will be finalized and a test
plan prepared for the following year activities. The Iv&v contractor will assume the important function of
verifying ECS Release A. while the interim releases to the DAAC"s improve the ability to incorporate
operational feedback.

The increase from FY 1994 to FY 1995 accommodates the planned increase in EOSDIS work to early EOS missions

and the pre-EOS mission data products. offset by reductions to support contractor and the transfer of Small
Business Innovative Research to Advanced Concepts and Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT
EARTH PROBES

FY 1993 EY 1994 EY 1995

(Thousands of dollars)
NASA scatterometer. . ..iiieirennsanrenssnnsannns 20,200 18,700 15,400
Total ozone mapping spectrometer................ 27.685 11,000 16,500
Tropical rainfall measurement mission........... 51.528 66,726 50,100
L0 7= 1 99.413 96.426 82,000
Launch vehicle (TOMS) ... .cvviiiirrinnnnrrrnnnnnns (1,900) (1,500) (--)

OBJECTIVES AND STATUS

The Earth Probes program is the component of Mission to Planet Earth that addresses specific, highly-focused
problems in Earth science research. The program has the flexibility to take advantage of unique
opportunities presented by international cooperative efforts or technical innovation. The Earth Probe
missions complement the Earth Observing System program by providing the ability to investigate processes
that require special orbits or have unique requirements. The currently approved Earth Probes are the Total
Ozone Mapping Spectrometer (TOMS), NASA Scatterometer (NSCAT), and Tropical Rainfall Measurement

Mission (TRMM).

The TOMS Scatterometer program consists of a set of instruments (Flight Models 3. 4. and 5, designated FM3.
FM4, and FS) and one spacecraft for launch on a small-class expendable launch vehicle in mid FY 1994 (FM3),
and for launch on the Japanese Advanced Earth Observing System (ADEOS) satellite in 1996 (Ft4). A third
instrument (¥15) will be available in 1995 for a flight of opportunity in 1998. The TOMS instrument flights
will provide uninterrupted data on total atmospheric ozone concentrations. The TOMS flights build on the
experience that began in 1978 with the launch of a TOMS instrument (Ft1) on Nimbus-7 and continues with the
TOMS instrument (Fd2) on the Russian Meteor-3, launched in 1991.

The NSCAT will provide accurate, global measurements of ocean surface winds, useful for both oceanography
and meteorology. |In addition, NSCAT data will permit the first global study of the influence of winds on
ocean circulation. providing data on the effects of the oceans on the atmosphere and improved marine
forecasting on winds and waves. The NSCAT will also fly on the Japanese ADEOS satellite in 1996.
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The TRMM spacecraft will measure precipitation in the tropical latitudes from a dedicated Earth Probe. The
U.S. will provide the spacecraft, integration. and four instruments. The Japanese will provide the 1997
launch and a precipitation radar.

BASIS OF FY 1995 ESTIMATE

The FY 1995 NSCAT and TOMS funding supports ADEOS spacecraft integration and testing in Japan. Funding is
also required for continued development of the NSCAT science data processing system. The TRMM FY 1995
funding is required to complete development of the U.S.-provided instruments and the spacecraft subsystems.
Observatory integration and test will begin in FY 1995. and design and development of the TRMM science data
and information system will continue.

The decrease from FY 1994 to ry 1995 accommodates the planned completion of currently approved Earth Probes.

offset by reductions to support contractor and the transfer of Small Business Innovative Research to
Advanced Concepts and Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT
SPACE STATION ATTACHED PAYLOADS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Stratospheric aerosol and gas experiment III.... -- -- 9.800

OBJECTIVES AND STATUS

The Space Station Attached Payloads program in Mission to Planet Earth is an ongoing effort to develop
Earth-observing payloads to fly aboard the Space Station, taking advantage of the long-duration platform
with servicing performed by the crew. The flight experiment hardware and science support will be funded in
the Mission to Planet Earth budget. The first attached payload under development is the Stratospheric
Aerosol and Gas Experiment III (SAGE III).

The SAGE III instrument will obtain global profiles of aerosols. ozone, and other atmospheric constituents.
as well as temperature and pressure profiles in the mesosphere, stratosphere, and troposphere. The SAGE III
is a natural and improved version of the SAGE | and SAGE II experiments. The additional wavelengths and
lunar occultation (in addition to solar occultation) that SAGE III provides will improve aerosol
characterization, improve and expand the retrieval of other gaseous components. extend the vertical range of
measurements, and provide a self-calibrating capability. The resultant data will be used to study the role
of aerosols, gaseous atmospheric constituents and ozone chemistry in the Earth"s climatological processes.

BASIS OF FY 1995 ESTIMATE
The FY 1995 budget is necessary to start development of SAGE 111. The contract for the SAGE will be

modified in FY 1994 for the Space Station SAGE III, with the Phase C/D beginning in FY 1995. The flight
instrument will be delivered in 1997 for the Space Station. The experiment is planned for flight in 1999.
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BASIS OF FY 1995 FUNDING REQUIREMENT

ADVANCED COMMUNICATIONS TECHNOLOGY SATELLITE

FY 1993 FY 1994 EY 1995

(Thousands of dollars)
Advanced communications technology satellite.... 3,968 3.000 2,300
(U] o 01T = - Vo [ (17.700) (--) (--)

OBJECTIVES AND STATUS

The Advanced Communications Technology Satellite (ACTS) program maintains U.S. leadership in the
communications satellite market through the development and flight verification of advanced technologies
that enhance the capability of communications satellites.

The U.S. user community, representing some 85 private sector organizations. universities and other
government agencies. is conducting experiments to test and evaluate the ACTS technologies under various
applications scenarios. The key ACTS technologies include high gain power, fast-hopping multiple beam
antenna: on-board intermediate frequency and baseband switching: wide bandwidth (1 GBPS) transponders.
Ka-band components: and dynamic rain fade compensation techniques.

The transfer of the ACTS technology to the industry is proceeding. Commercial systems which are being built
using ACTS technology are a global mobile communications system called Iridium by Motorola (the developer of
the ACTS on-board switching). the video phone system by Hughes, the global Ffixed service system by Calling
Communications and the home video system by Norris Communications.

The ACTS satellite was successfully deployed from STS-51 on September 12, 1993. and arrived on-station in
geostationary orbit approximately two weeks later. The satellite, the master control station and multiple
Earth stations have been checked out. By January 1994. the experiment period will begin during which 78
experiments are scheduled to utilize ACTS technologies.

BASIS OF FY 1995 ESTIMATE

The FY 1995 budget provides for the continuation of mission operations at the Lewis Research Center. The
ACTS experiments program is funded and conducted under the Commercial Use of Space program.

The decrease from FY 1994 to FY 1995 accommodates the planned completion of the ACTS two-year operations.
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BASIS OF FY 1995 FUNDING REQUIREMENT

PAYLOAD AND INSTRUMENT DEVEL OPMENT

FY 1993 EY 1904 EY 1995

(Thousands of dollars)
Atmospheric payloadS.......coviiiirriiinrannenns 12,330 11,712 8,700
Earth sensing payloads...........ccovvieivnnnnn. 23.131 11.188 10.800
L0 - 1 35,461 22,900 19.500

OBJECTIVES AND STATUS

The objective of Atmospheric Payloads is to provide information related to the chemical constituency and
dynamics of the Earth"s atmosphere. The objective of the Earth Sensing Payloads is to demonstrate the
technology and algorithms needed to make multi-frequency. multi-polarization active radar measurements of
the Earth"s surface (i.e., land, sea, and ice). Together, the two programs will provide measurements

crucial to enhancing the understanding of the role of the Earth"s atmosphere and surface during global
change.

The Space Shuttle offers a unique opportunity for short-duration flights of instruments. The Mission to
Planet Earth program has incorporated this capability into the Shuttle/Spacelab payload development in these
important areas: design, early test, and checkout of remote sensing instruments for long-duration. fres=-
flying missions and short-term atmospheric and environmental data gathering for basic research and analysis
where long-term observations are impractical. Instrument development activities support a wide range of
instrumentation, from airborne to international flights of opportunity.

The objective of the Atmosphere Trace Molecules Observed by Spectroscopy (ATMOS) experiment is to make
detailed measurements of gaseous constituents (i.=., hydrogen chloride. water. ammonia. and methane) in the
Earth"s atmosphere by using the technique of infrared absorption spectroscopy. The data will help determine
the compositional structure of the upper atmosphere, including the ozone layer and its spatial variability
on a global scale. The instrument first flew in 1985 on Spacelab-3 and again on Atmospheric Laboratory for
Applications and Science 1 (ATLAS-1) in 1992 and ATLAS-2 in 1993. The science results from these flights of
ATMOS were of exceptional value, and the basic capability of ATMOS to measure very low concentrations of

trace species in the Earth"s atmosphere was clearly demonstrated. The instrument is to fly again on ATLAS-3
in 1994.
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The Shuttle Imaging Radar-C (SIR-C) in combination with the X-band Shuttle Aperture Radar (X-SAR)
contributed by German and Italy will explore regions of Earth®"s surface. many of which are not well
characterized because of vegetation, cloud, or sediment cover. These radar studies will lead to a better
understanding of ocean and land surface, and subsurface processes on a global scale. Currently, SIR-C is at
the Kennedy Space Center (KSC) being integrated into the orbiter with two launches aboard the Space Shuttle
scheduled for 1994.

The Measurement of Air Pollution from Satellites (MAPS) experiment is a gas filter correlation radiometer
designed to measure the levels of troposphere carbon monoxide in the troposphere and the extent of inter-
hemispheric mass transport in the lower atmosphere. The instrument has flown successfully on two Shuttle
flights. It is planned for two more Shuttle Radar Laboratory (srRL) flights in 1994 to provide the Ffirst
observations of the global seasonal variation of carbon monoxide in the Earth"s atmosphere.

The Light Direction and Ranging (LIDAR) In-Space Technology Experiment (LITE) is an advanced technology
Earth atmosphere sensing experiment. The laser application will provide measurements of higher resolution
and accuracy than current spaceborne instruments of stratospheric and tropospheric aerosols. planetary
boundary layer heights, and cloud top temperature and density.

Like LITE. the LIDAR Atmospheric Sensing Experiment (LASE) is also an advanced technology Earth atmospheric
sensing experiment. Starting in FY 1994. NASA plans to fly the instrument routinely on the ER-2 aircraft to
obtain water vapor measurements with better resolution and accuracy than current instruments. These
measurements will support studies in global hydrology. meteorology, radiation budget. climate and
atmospheric transport. and chemistry.

The Solar Ultraviolet Spectral Irradiance Monitor (SUSIM) is designed to make very accurate measurements of
the sun®s ultraviolet radiation, which is the primary sources of energy for the Earth"s atmosphere. The
SUSIM has flown on four previous STS flights and is planned for reflight on ATLAS-3 in 1994.

The Shuttle Solar Backscatter Ultraviolet (SSBUV) instrument provides correlative measurements with sauv/2
instruments that fly on NASA and NOAA spacecraft. Both instruments measure the amount and height
distribution of ozone in the upper atmosphere. These measurements help resolve any data reliability
problems resulting from calibration drift. The SSBUV is planning to continue flights on the Shuttle through
the rest of the decade.

The Active Cavity Radiometer-1 (ACR-1) is designed to aid in the study of the Earth"s climate and the

physical behavior of the sun by making solar constant measurements. Reflight of ACR-1 is planned for 1994
on ATLAS-3.
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Advanced spectrometer technology development activities include fundamental research in remote sensing
involving airborne and spaceborne imaging spectrometer instruments. The imaging spectrometer and linear
array solid-state sensor research focuses on the development of such features as inherent geometric and
spectral registration and programmable high spatial and spectral resolution.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funds will be used to support the integration of the Measurement of Air Pollution from
Satellites (MAPS) instrument onto Shuttle compatible instrument canisters for future flights of opportunity.
Funding for ATMOS. ACR-1. and SUSIM is required to support the post ATLAS-3 mission calibration, science
team and science data reduction, and the deactivation of the instruments. The $3SBUV/A instrument will be
flown again in 1995 in support of the continuing mission to monitor the Earth"s ozone status. In 1995, the
LIDAR program will be completing its development and science validation of the LASE instrument, and initiate
the study and development of new science instruments that will utilize the capabilities of NASA aircraft
such as the ER-2 and new Remotely Piloted Vehicles currently under development. The SIR-C and LITE
experiments will be returned from the KSC for checkout and storage. The remainder of FY 1995 will be
devoted to processing SIR-C data.

The decrease from FY 1994 to ¢ 1995 accommodates the planned completion of currently approved payload and

instrument development, offset by reductions to support contractor and the transfer of Small Business
Innovative Research to Advanced Concepts and Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT
OCEAN COLOR MISSION DATA PURCHASE

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Ocean color mission data purchase........vvvuu.. 15,570 3,400 600
OBJECTIVES AND STATUS

NASA is purchasing ocean color data for research use, with payments phased before and after launch. The
data will be from the Sea-Viewing Wide Field Sensor (3eaWiFS) instrument to be launched on the SeaStar
spacecraft in 1994. This imaging data, which will be obtained in several visible and infrared wavelengths.

will be processed and archived, resulting in long-term data sets related to the biological productivity and
ecology of the world®"s oceans, seas, and larger lakes.

BASIS OF FY 1995 ESTIMATE
The FY 1995 funding is for data purchase from the contractor (Orbital Sciences Corporation): the post-launch
NASA ground processing. further data purchase cost and scientific analysis is funded in mission operations

and data analysis.

The decrease from FY 1994 to FY 1995 is based on the end of development and planned launch.
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BASIS OF FY 1995 FUNDING REQUIREMENT

CONSORTIUM FOR INTERNATIONAL EARTH SCIENCE INFORMATION NETWORKS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Consortium for international earth science
INFormation NETWOrKS vvivevvevnrnrnnrnsnnrnnns 18,000 5,000 6,000

OBJECTIVES AND STATUS

The overall goal of Consortium for International Earth Science Information Network (CIESIN) is to increase
our understanding of the human dimensions of global change by developing and operating the Socio-economic
Data Applications Center (SEDAC) and by providing a framework for the integration of social and natural
science data for research. The CIESIN will facilitate the access to and use of Mission to Planet Earth data
for Earth science research and public policy making. The SEDAC serves as an affiliated data center for
NASA"s Earth Observing System Data Information System program.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funding for CIESIN will continue the research with the combination of socio-economic data and
derived Mission to Planet Earth science products. The CIESIN will continue the SEDAC system for research by
use by the socio-economic research community.

The increase from FY 1994 to FY 1995 accommodates the planned workload.
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BASIS OF FY 1995 FUNDING REQUIREMENT

LANDSAT
FY 1993 FY 1994 FY 1995
(Thousands of dollars)
0= T - 1 25.000 54.100 62,400

OBJECTIVES AND STATUS

The Federal Government is committed to the continued acquisition of Landsat-type data for global change
research and other Federal, state, local, and private sector users” needs. NASA and the Department of
Defense (DoD) undertook development of Landsat-7 flight and ground segments in March 1992. as established in
the poD and NASA Management Plan for the Landsat program. The contract for procuring Landsat-7 flight

segment was awarded by the DoD in October 1992.

The Administration is working to assure a Landsat-7 program that both provides data continuity previous

Landsat data and also is affordable in terms of the constrained Federal budget environment.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funding is the total amount available for the NASA Mission to Planet Earth portion of the
Landsat-7 program. The estimate covers development of the ground segment (ground processing and mission

operations systems) and continuation of a Tracking and Data Relay Satellite System communication antenna for

the Landsat-7 satellite. contingent resolution of the implementation management issues and reaching
agreement on a flight system configuration.

The increase from FY 1994 to FY 1995 accommodates the planned increase in Landsat work.
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BASIS OF FY 1995 FUNDING REQUIREMENT

MISSION OPERATIONS AND DATA ANALYSIS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Upper atmosphere research satellite operations.. 35.963 30.308 30,000

Ocean topography experiment operations.......... 31,614 31.052 32,100

Total ozone mapping spectrometer.......cceeeuuss 1,101 3.186 3,700

Ocean color mission data analysis............... -- 6.500 6.100
Earth science mission operations and

data analysSiS ciiiviiiiirenranenransnrnnsnnnnss 25,305 26.398 25,600

L0 7= 1 93,983 97.444 97,500

OBJECTIVES AND STATUS

The objective of the Earth Science Mission Operations and Data Analysis program is to acquire, process, and
archive long-term data sets. These data relate to issues of global change research in atmospheric ozone and
trace chemical species. the Earth"s radiation budget. aerosols. sea ice. land surface properties. and ocean
circulation and biology. Funding provides for operations of spacecraft. processing of acquired data.
validation of the resulting data products by science teams, and development of new processing software by
these science teams.

The Upper Atmosphere Research Satellite (UARS) was launched in September 1991. The mission is providing
data related to the chemistry and dynamics of the atmosphere above the tropopause for a period of at least
three years. Various instruments aboard UARS are measuring temperature. composition, and winds in the
Earth"s atmosphere. as a function of altitude, over 98% of the Earth"s surface. from eighty degrees South
latitude to eighty degrees North. These data will provide important information related to the maintenance
and destruction of the ozone layer. Correlative measurements are a key element of the UARS science
objectives. Ground-based, balloon, and sounding rocket measurements of the atmosphere are used to validate
and calibrate UARS instrument measurements, refining the accuracy of the derived geophysical parameters.
All UARS instruments are operational except for the Cryogen Limb Array Etalon Spectrometer (CLAES) which
exhausted its cryogen in May 1993. and the United Kingdom®"s Improved Stratospheric and Mesospheric

Sounder (ISAM3), which failed in July 1992.

NASA"s Ocean Topography Experiment (TOPEX) and the French Possidon mission were launched as a single ocean
spacecraft mission, TOPEX/Posesidon, in August 1992. This mission will provide data on the surface
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topography and currents of the Earth"s oceans for a period of at least five years. These data. in
conjunction with the Scatterometer data, will enable the first determination of the wind forcing and ocean
current response of the global oceans.

Data from the Earth Radiation Budget Satellite"s (ERBS) (which was launched in 1984), Stratospheric Aerosol
and Gas Experiment II (SAGE-11). continue to provide vertical profiles of aerosols. ozone. and other trace
gas species over the Earth"s tropical and mid-latitude regions.

The Earth Radiation Budget Experiment (ERBE) is comprised of three identical instrument packages flying on
NOAA-9. NOAA-10. and NASA"s ERBS. These instruments continue to provide data on the temporal and spatial
variations in the Earth"s radiation budget, which drive the Earth"s climate. The ERBE instruments provide
the only continuous data set on total solar irradiance (solar constant) and its temporal variations
stretching from 1978 to the present.

In December 1993, the Nimbus-7 spacecraft orbit geometry degraded beyond recovery and scientific use of the
mission ceased.

Data from the Solar Backscatter Ultraviolet/2 (SBUV/2) instruments, on the NOAA-9 and NOAA-11 satellites.
provide column abundances and vertical profiles of atmospheric ozone beneath the orbital tracks of these
satellites, continuing the collection of a data set begun with the SBUV instrument on Nimbus-7 in 1978. A
carefully calibrated version of the same instrument. called Shuttle SBUV (SSBUV). has been flown five times
on the Space Shuttle and will continue to fly periodically throughout the 1990"s. The SSBUV provides
correlative measurements so that the Total Ozone Mapping Spectrometer (TOMS) and SBUV instruments flying on
other spacecraft can be more accurately calibrated, and provides information on the diurnal variability of
stratospheric ozone in low latitudes.

NASA*s Alaska Synthetic Aperture Radar Facility (ASF), based at the Geophysical Institute at the University
of Alaska in Fairbanks, began acquisition and processing of Synthetic Aperture Radar (SAR) data transmitted
from the European Space Agency®s Earth Remote Sensing Satellite-1 (ERS-1) in early 1991 and the Japanese
Earth Remote Sensing Satellite-1 (JERS-1) in mid-1992. Data from the Canadian RadarSat spacecraft will also
be acquired and processed after its launch in 1995. These data will provide important information on the
properties and dynamics of sea ice and other land and ocean processes in the polar regions.

The Optical Transient Detector (OTD) will provide early acquisition of science data to support research in
determining global distribution of lightning and its affects on climate change. The FY 1994 launch of the
OTD will also allow for an early engineering flight of the Earth Observing System Lightning Imaging

Sensor (LIS) instrument and concept validation. including the high speed solid-state camera system and real-
time event processor. and will be a pathfinder for commercial remote sensing applications of lightning data.
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BASIS OF FY 1905 ESTIMATE

Operations of the TOPEX spacecraft and processing and analysis of its data will continue. Operation of the
UARS spacecraft will continue until the end of FY 1995. Processing and analysis of data from the TOMS
instrument flying on the Russian Meteor-3 spacecraft and on the TOMS Earth Probe mission will continue.
Operation and data processing of ERBS spacecraft will continue, as will processing and analysis of data from
NOAA-based and Shuttle-based SBUV instruments. Processing and analysis of SAR data acquired at the ASF from
European Space Agency"s ERS-1 will also continue and be augmented by similar processing and analysis of SAR

data from Japan®"s JERS-1. For the ocean color purchased data. Yy 1995 funding provides for the NASA ground
processing and scientific analysis.

The change from FY 1994 to FY 1995 accommodates planned flight program progress, offset by reductions to

support contractor and the transfer of Small Business Innovative Research to Advanced Concepts and
Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT

INTERDISCIPL INARY RESEARCH AND ANALYSIS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Interdisciplinary research and analysis......... 4.453 5.000 4,600
OBJECTIVES AND STATUS

Interdisciplinary research activities are conducted to characterize quantitatively the Earth"s chemical.
physical, and biological processes on the land, along with the interactions between the land, the oceans.
and the atmosphere, which are of particular importance in assessing the impact of these phenomena on global,
physical, and biogeochemical processes. Such research is essential to investigating and assessing long-term
physical. chemical, and biological trends and changes in the Earth"s environment. Included in the program
activities are joint efforts from a variety of disciplines, such as atmospheric science. climatology.
biological sciences, geochemistry, and oceanography.

BASIS OF FY 1995 ESTIMATE

In FY 1995. interdisciplinary studies will be continued with emphasis on integrating discipline-specific
research activities of oceanic processes, atmospheric dynamics and radiation, upper atmosphere/troposphers
chemistry. and land processes into a unified program which will help increase our understanding of critical
global processes. Emphasis will be placed on specific studies that will increase the understanding of the
sources, transport and affects of tropospheric aerosols on the climate system.

The decrease from FY 1994 to FY 1995 is due to the effects on research and analysis programs of the general

downsizing of the NASA budget in addition to the transfer of Small Business Innovative Research to Advanced
Concepts and Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT
MODEL ING AND DATA ANALYSIS

FY 1993 EY 1994 FY 1995
(Thousands of dollars)

Physical climate and hydrologic systems
modeling and data analysSiS ......cvvveeenennns 26,862 26,532 25,600
Biogeochemistry and geophysics modeling

and data analysSiS ....iveiiiinrnnranrenrnnnnnns 15.709 17.713 15,600
10 1 1= 1 42 571 44,245 41,200

OBJECTIVES AND STATUS

The research and analysis activities within the Modeling and Data Analysis program provide a focus for
contributing to an improved understanding of the fully-antegrated geophysical climate system, its
interactions and predictability, through the development and multi-disciplinary exploitation of global
satellite observations of the Earth, numerical modeling, climate impact assessments. and sensitivity
studies. The two principal components of the program are climate modeling research and climate data
analysis.

The objectives of the Physical Climate and Hydrologic Systems Modeling Research program are to develop and
improve global circulation models which assimilate and optimize the use of satellite-derived data sets for
understanding climate interactions: to help guide the design of the global observing system, and to improve
the capability for reliable climate diagnosis and forecasting. The program builds on the broad foundation
established over the past decade of research on geophysical modeling conducted under the NASA atmospheric
dynamics and radiation and ocean processes programs.

The objectives of the Physical Climate and Hydrologic Data Analysis program are to assemble a long-term
global record of climate parameters, with an emphasis on satellite remote sensing, for specifying and
analyzing the state of the climate system and its variability. These include the full range of geophysical
variables which describe the structure and composition of the atmosphere, oceans, land surfaces, and
cryosphere. as well as their boundaries, interfaces, and external forcings. The program builds on earlier
accomplishments achieved through such diverse research initiatives as the International Satellite Cloud
Climatology Project (I18CCp), the Earth Radiation and Budget Experiment (ERBE), the Global Atmospheric
Research Program (GARP) and current activities in support of the Tropical Oceans Global Atmosphere (TOGA)
Program and the World Ocean Circulation Experiment (WOCE). These programs are elements of the World Climate
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Research Program (WCRP), sponsored by the World Meteorological Organization and the International Council of
Scientific Unions. Such international relationships are strongly encouraged by the U.S. Global Change
Research program plan.

The Biogeochemistry and Geophysics Modeling and Data Analysis has as its objectives the development of
global change models dealing with all aspects of the biology, chemistry. geology, and geophysics of the
Earth system, with the exploitation of satellite data in the monitoring of global change as well as the
study of the mechanisms which are at work in the global environment. There are four major elements of the
program: ocean biogeochemistry, atmospheric chemistry, geophysical modeling and analysis, and ecology and
land atmosphere interactions.

In the ocean biogeochemistry area, the emphasis is on data analysis efforts utilizing existing satellite
data sets to understand better the variations in ocean productivity and preparing improved algorithms and
data systems for the Ocean Color Mission.

The atmospheric chemistry area is centered on the numerical modeling and analysis of measurements of trace
constituents in the troposphere-stratosphere system. Numerical models are used to test our understanding of
atmospheric chemistry and of the way in which meteorological processes affect the trace constituent
distribution in the atmosphere. Models are also used to predict future changes to the chemical composition
of the atmosphere.

Research in geophysical modeling and analysis consists of modeling and analysis of the Earth®"s internal
structure and dynamics, and interactions with the atmosphere and hydrosphere, through measurements of the
gravitational and magnetic fields, Earth rotation and polar motion observations, and geodetic properties.
The spatial variability of the potential fields and the temporal variability of the motion fields are the
critical observational parameters.

In the ecology and land atmosphere interactions area, global scale observations are analyzed to understand
the current state of terrestrial ecosystems, to assess their natural variability. and to determine the
impacts of anthropogenic forcings. Numerical models and multi-temporal satellite observations are used to
study sources and sinks of biogeochemical species and to investigate the interactions of climatic events
such as El Niiio with surface biology and atmospheric composition. Theoretical modeling of ecosystem
functioning and land atmosphere interactions is conducted using global circulation models with explicit,
interactive biospheres.
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BASIS OF FY 1905 ESTIMATE

The climate modeling program element will continue emphasis on developing the individual components and
integration of a fully interactive Earth system model that can be used in a wide range of climate impact
assessment studies. Further emphasis will be placed on developing model-based data assimilation techniques
capable of ingesting and processing the latest generation of satellite remote sensing and conventional data
to produce research quality geophysical data sets.

The data analysis program element will stress continued analysis and applications of satellite data from the
Upper Atmosphere Research Satellite (UARS). the Ocean Topography Experiment (TOPEX). the Earth Radiation
Budget Experiment (ERBE). Meteor/TOMS, TOMS/Earth Probe, and other flight data sets to contemporary
scientific problems such as ozone depletion and global climate change. A new emphasis will be placed on
utilization of data sets produced by the pathfinder project, especially the Advanced Very High Resolution
Radiometer (AVHRR) and TOMS data.

The decrease from FY 1994 to FY 1995 is due to the effects on research and analysis programs of the general

downsizing of the NASA budget in addition to reductions to support contractor and the transfer of Small
Business Innovative Research to Advanced Concepts and Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT

PROCESS STUDIES

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Radiation dynamics and hydrology................ 31.560 34.325 31,800
Ecosystem dynamics and biogeochemical cycles.... 23,679 26.511 25,400
Atmospheric chemistry..........ccciiiiiiinn.s. 28,111 31.651 25,700
Solid earth SCIENCE. .. vt viit e rinrnnrnnsnnnrns 27,680 28.128 28,900
Laser research facilities....................... 8.225 9.052 7.600
Total. ... it e 119,255 129.667 119.400

OBJECTIVES AND STATUS

The research and analysis activities within the Radiation Dynamics and Hydrologic Processes program combine
a core effort of theoretical, laboratory, and field investigations essential to understanding the basic
geophysical processes and their interactions which control climate. The two principal components of the
program are in the areas of radiation and dynamic processes research and hydrologic processes research.

The objectives of the Radiation and Dynamics Research program are to improve our understanding of the basic
physical processes by which the atmospheric system absorbs, transforms, stores and transports energy.
Understanding atmospheric dynamics and radiation as well as the water cycle processes is essential to
determinations of how the atmosphere behaves and its role in determining climate and climate change.

The objectives of the Hydrologic Processes Research program are to improve our understanding of the physical
processes which govern the hydrological cycle and its impact on the atmosphere. cryosphere. and oceans. The
prediction of global change in the geosphere and biosphere will be one of the most important problems in
environmental sciences in the twenty-first century. Estimation of the distribution and transport of carbon.
nitrogen, sulfur. etc.. cannot be obtained without knowledge of the atmospheric circulation and water cycle
on regional and global scales.

The Ecosystem Dynamics and Biogeochemical Cycles program conducts research on the function of global
ecosystems and the interactions of the Earth"s biota with the atmosphere and hydrosphere. Particular
emphasis is placed on understanding land atmosphere interactions and the carbon cycle. The two principal

components of the program are the ecosystem dynamics program element and the biogeochemical processes
program element.
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The goal of the ecosystem dynamics program element is to achieve an improved understanding of the role of
the biosphere and the biologically-linked components of the hydrologic cycle in processes of global
significance. Specific objectives are to develop understanding of the ecological controls on the exchanges
of energy. water. and nutrients between ecosystems and the atmosphere, the response of ecosystems to change.
and the biophysics of remote sensing of ecosystem properties.

The goal of the biogeochemical processes program element is to achieve an improved understanding of the
sources, sinks, fluxes, trends, and interactions involving the biogeochemical constituents within the Earth
system. with an emphasis on their major biospheric reservoirs, including oceanic and terrestrial systems. A
major focus is on developing a better understanding of terrestrial and oceanic primary productivity and the
fluxes of carbon within these ecosystems and between them and their biotic environment.

The Atmospheric Chemical Processes program is composed of two elements: the upper atmospheric research
program (UARP) and the tropospheric chemistry program (TC?). The UARP is a large, comprehensive research
program with NASA playing a leadership role as mandated by Congress under the Clean Air Act of 1976 and the
FY 1976 NASA Authorization Act. The program aims at expanding our knowledge of the physical, chemical. and
meteorological processes that control the concentration and distribution of stratospheric ozone. thereby
providing the necessary input for large-scale global medels used to predict the future state of
stratospheric composition. The T¢p is focused on tropospheric chemical change, the natural and
anthropogenic processes that cause it, and its effects on global climate and on the chemistry of the
stratosphere through troposphere-stratosphere exchange.

One of the primary challenges in the study of the Earth as a system is understanding the extent and causes
of atmospheric chemical changes and their consequences. including stratospheric ozone depletion and
potential global climate change.

The Solid Earth Science program conducts research in the fields of geology and geodynamics with the goal of
improving our understanding of the evolution. structure. and dynamics of the Earth"s interior and surface by
testing hypotheses through a vigorous program of measurement and analysis of space-based zzo0dstic, remote
sensing, space-based geopotential. field, laboratory. and related data. In geodynamics. emphasis is placed
on understanding the rates and mechanisms of the Earth"s crustal deformation from local to global scale and
how these reflect historical global change or influence current processes of global change. In geology.
emphasis is placed on the interaction of the solid Earth with the hydrosphere, atmosphere, and biosphere in
programs which address landscape/topographic development and change, volcano-climate interactions, and
coastal processes. Natural disaster reduction research includes research on processes of natural hazard
occurrence and recurrence, pre- and post-hazard monitoring including measurement of topography and small
changes in topography using new/improved remote sensing and geodetic techniques.
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The objective of the Laser Research program is to measure the movement and deformation of the tectonic
plates of the Earth as well as provide precise orbital tracking of operational satellite systems (i.=.,
TOPEX. ERS-1). Laser ranging to satellites and the moon. microwave interferometry using astronomical radio
sources and transmissions from the Global Positioning Satellite (GpS) system are used to determine precise
position locations.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funding is required in the area of radiation and dynamics research to continue studies of the
processes associated with cloud-radiation feedback, the water cycle, polar ice sheets changes. the ocean
circulation, and heat flux. Research and analysis studies will continue, focusing on forest ecosystem
dynamics, marine primary productivity, regional trace gas fluxes, and the biophysics of remote sensing.
Analysis of the Topical Oceans Global Atmosphere (TOGA) Coupled Atmosphere Ocean Response Experiment (COARE)
data will continue to capitalize on the superb data set obtained by ships. aircraft. buoys, balloon
sounders, and island based instrumentation during 1992-1993 in the southwest Pacific Ocean warm pool region.
These data are expected to provide unprecedented insights into air-sea exchange and precipitation processes
that control the E1 Nifio-Southern Oscillation (ENSO) phenomenon which has global climate repercussions.
Further development of plans and preparations for the GEWEX Continental Scale Experiment will also be
advanced.

The survey of the Greenland ice sheet by airborne laser altimetry will be continued, with the objective of
measuring ice thickening and thinning rates and the associated impact on global sea level. Analysis of the
Boreal Ecosystems-Atmospheric Study (BOREAS) experiment data from the major field campaigns will continue.
Both of the atmospheric chemical process programs will continue activities to investigate and understand the
global atmosphere through laboratory studies and field measurement campaigns in the Antarctic, Arctic and
over the Western Pacific. The Solid Earth program will pursue geodynamics research activities in large part
through the Fiducial Laboratories for International Natural Science Network. The Geodynamics program will
continue definition studies to develop a Gravity and Magnetic Experiment Satellite (GAMES) in partnership
with the European Space Agency. and a Satellite de appli iones Cientificas-C (34c-¢C) satellite with the
Argentine Space Agency. Both would involve using gravity radiometry and magnetometers to study at high
resolution the variability of Earth"s gravity and magnetic fields.

The decrease from FY 1994 to FY 1995 is due to the effects on research and analysis programs of the general
downsizing of the NASA budget in addition to reductions to support contractor and the transfer of Small
Business Innovative Research to Advanced Concepts and Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT
AIRBORNE SCIENCE AND APPL ICATIONS

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Airborne science and applications............... 20,707 25,200 26,000
OBJECTIVES AND STATUS

The Airborne Science and Applications program funds the operations of the ER-2. C-130. and DC-8 aircraft to
support Earth remote-sensing and atmospheric research. They may serve as testbeds for newly-developed
instrumentation and allow demonstration of new sensor techniques before their flight on satellites or on
Shuttle/Spacelab missions. Data obtained from these aircraft are used to refine analytical algorithms. and
to develop ground data handling techniques, For example, the ER-2 acquires stratospheric air samples and
conducts in-situ measurements at altitude ranges above the capability of more conventional aircraft and
below those of orbiting satellites. This capability is important in gaining an understanding of
stratospheric transport mechanisms. The DC-8 carries a wide variety of instruments, ranging from a large
complement of atmospheric sensors, Light Direction and Ranging (LIDAR). and a three-frequency synthetic
aperture radar used in surface process studies. The program is also responsible for all maintenance. system
upgrades and spares for the aircraft, support personnel and flight hours. The aircraft are often requested
by Federal agencies to support national emergencies (i.=., support to Federal Emergency Management Agency
during Mississippi River flooding and support to U.S. Forest Service and State agencies in southern
California fires).

BASIS OF FY 1995 ESTIMATE

The Airborne Science and Applications program provides a variety of platforms in support of studies of the
biosphere, troposphere, and stratosphere. Platforms include a modified C-130. a long-range DC-8 that has
been uniquely modified to accommodate a wide variety of specialized instrumentation for atmospheric and
Earth surface remote sensing studies, and high-altitude ER-2s, a unique national resource. Several major
campaigns are in the planning stages, including a major deployment to Brazil and to the South Pacific. In
FY 1995 we will be concluding the ER-2 deployment to New Zealand for Antarctic Ozone. a Congressionally
mandated program. The ozone flights are flown from Christchurch. New Zealand.

An ER-2 will also be used for a large number of LIDAR Atmospheric Sensing Experiment (LASE) instrument

tests. The majority of these science flights are related to Earth Observing System (E0S) investigations -
contributing to algorithm development for the EOS precursor instruments, and supporting individual
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university principal investigator research studies. The NASA airborne ploptforms wlso supgort other Federal
agencies in support of their specific global research.
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BASIS OF FY 1995 FUNDING REQUIREMENT
MISSION TO PLANET EARTH INFORMATION SYSTEMS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Mission to planet earth information systems..... 11,200 11,184 9.800
OBJECTIVES AND STATUS

The Mission to Planet Earth Information Systems program provides scientific computing infrastructure in
support of the Mission to Planet Earth research mission. Particular emphasis is placed on providing a
balanced system of supercomputers, mass storage, mainframes, workstations and appropriate network
connectivity between researchers and components of this system. Currently, this support is provided through
the NASA Center for Computational Science (NCCS) at the Goddard Space Flight Center (GSFC) and the
supercomputing project at the Jet Propulsion Laboratory (J?L). Both facilities continue to upgrade capacity
to keep pace with growing requirements. The supercomputing platform at the NCCS was upgraded. effectively
doubling the computational capacity. A corresponding upgrade in mass storage is being evaluated.

Instal lation of a system will occur in the third quarter of the FY 1994.

Another important facet of the program is to monitor and participate in advanced technology programs (such
as the High-Performance Computing and Communications (HPCC) program) and to leverage these technology
programs to enhance the computational environment for NASA Earth and space science researchers. Specific
emphasis has been on early access for Mission to Planet Earth applications to the new parallel
supercomputing platforms and collaborative investigation of mass storage technologies.

BASIS OF FY 1995 ESTIMATE

The Mission to Planet Earth information systems program will continue to provide a super-computing
environment for science researchers primarily through facilities housed at GSFC and JPL. It will continue
to make enhancements to these facilities and will continue to leverage technology programs such as the HPCC.

The decrease from FY 1994 to FY 1995 is due to the effects on research and analysis programs of the general

downsizing of the NASA budget in addition to the transfer of Small Business Innovative Research to Advanced
Concepts and Technology.
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BASIS OF FY 1995 FUNDING REQUIREMENT

EARTH SYSTEMS SCIENCE BUILDING

Page
FY 1993 FY 1994 EY 1995 Number
(Thousands of dollars)
Earth systems science building............c00uus. -- 12,000 17.000 CF 2-1

OBJECTIVES AND STATUS

The Earth Systems Science Building (EsSsB) will be located at the Goddard Space Flight Center (GSFC) and will
house civil service, contractor, and visiting science personnel conducting global change and Earth science
research using the Earth Observing System. The FY 1995 funding is the second increment, following the
initiation of the project in the FY 1994 Construction of Facilities appropriation. A third funding
increment is required in FY 1996 to complete the facility.

The complete description of the ESSB construction is in the Mission Support section of the FY 1995 budget
Justification.
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
BUDGET SUMMARY

OFFICE OF AERONAUTICS

SUMMARY OF RESOURCES REQUIREMENTS

Page
FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)
Aeronautical research and technology............ 769.362 1,082,200 898,500 SAT 4-2
Transatmospheric research and technology........ . __20.000 - .- SA 4-39
LI 1 €= 1 769.362 1,102,200 898.500
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
BUDGET SUMMARY

AERONAUTICAL RESEARCH AND TECHNOLOGY

SUMMARY OF RESOURCES REQUIREMENTS

Page
FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)
Research and technology base........vvvevunenn. 451 cnn 418,300 342,800 SAT 4-5
Systems technology programs...........ccceeuunnn. 2655215 451,900 533,700 SAT 4-16
Construction of facilities...........cvvvvinnnns 52,600 212,000 22.000 SAT 4-36
Subtotal.......ooviiii ittt et r e 769,362 1.082.200 898.500
Transatmospheric research and technology........ - 20.000 . SAT 4-39
101 = 1 769.362 1,102,200 898.500
Distribution of Prosram Amount BY Installation
Johnson Space Center......cievviivrnnrennnnnnnns -- 400 -~
Marshall Space Flight Center.................... -- 500 --
Langley Research Center. .........ccviiiivviannnnn 230.688 381,900 337,200
Lewis Research Center........vvevinrrinnnrnnnnns 199,932 262.400 251,700
Ames Research Center.........coevivrnnnrnnnnnnns 293.425 304.300 260.700
Goddard Space Flight Center..........cccccunnnn. 6.421 19,300 17,600
Jet Propulsion Laboratory........cccvvvvvveanns. 3,753 4,800 6.000
HeadquartersS. . ..o.iiiieieiininrnrnrasanennnnnnns 35,143 128,600 _25.300
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
, OFFICE OF AERONAUTICS AERONAUTICAL RESEARCH AND TECHNOLOGY
OBJECTIVES AND JUSTIFICATION

The goal of the NASA Aeronautics program is to provide the Nation with leadership in high-payoff. critical
technologies. and to assure the effective transfer of research and technology products to industry. the
Department of Defense (DoD), and the Federal Aviation Administration (FAA) for application to safe.
superior, and environmentally-responsible U.S. civil and military aircraft. and for a safe and efficient
National Aviation System. NASA carries out its aeronautics mission in close partnership with the DoD, FAA.
U.S. industry, and academia. The FY 1995 estimate reflects the continued need to address critical
technology and performance barriers and to strengthen technology development in selected high-payoff areas
vital to our long-term leadership in aviation. NASA"s Aeronautics program is focused around six strategic
goals: (1) develop high-payoff technologies for a new generation of environmentally-compatible. economic
U.S. subsonic aircraft and a safe, highly productive global air transportation system: (2) ready the
technology base for an economically viable and environmentally friendly high-speed civil transport:

(3) ready the technology options for new capabilities in high performance aircraft: (4) develop and
demonstrate hypersonic technologies for airbreathing. single-stage-to-orbit flight: (5) develop advanced
concepts. physical understanding, and theoretical, experimental, and computational tools to enable advanced
aerospace systems: and (6) develop, maintain, and operate critical national facilities for aeronautical
research and for support of industry. FAA, DoD, and other NASA programs. In accomplishing these goals, NASA
will emphasize customer involvement, the productive and cost-effective provision of products and services.
timely transfer of technology to domestic customers, strong university involvement, and the inclusion of
minorities and disadvantaged businesses in the conduct of its programs.

BASIS OF FY 1995 ESTIMATE

The FY 1995 Research and Technology program is committed to providing a broad foundation of advanced
technology to strengthen the Unites States leadership in aviation. an industry which plays a vital role in
the economic strength, transportation infrastructure. and national defense of the United States. Today. we
as a Nation are being challenged by foreign competition, by an increasingly strained national airspace
system, and by uncertainties about the future of the defense sector of the industry. Because of the
importance of aeronautics to the country, and the many ways in which NASA"s unique research Capabilities
contribute to strengthening American aviation. the Aeronautics program is making the new technology
investments required to pursue the high-leverage technologies required to support both the subsonic and
high-speed civil transport economic viability. These investments are essential to the technology to ensure
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U.S. leadership for future competition of a high-speed civil transport and to address the important
competitiveness and capacity issues associated with future subsonic transport aircraft.

In FY 1995. the planned budget growth of the focused Aeronautical Systems Technology programs in high-speed
research and advanced subsonic technology is maintained and the growth in the high performance computing and
communication program is continued. The research and technology base is significantly reduced consistent
with overall Agency priorities: these reductions are reflected by reducing or eliminating lower priority
activities, closing facilities, becoming more efficient in operations, and lowering the level of technical
services support to research activities. One example of how we intend to reduce expenditures while still
meeting program requirements is the creation of a consolidated supercomputer facility. to become operational

in FY 1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT

RESEARCH AND TECHNOLOGY BASE

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Aerodynamics research and technology............ 160.572 151.000 113.300
Propulsion and power research and
technology «.vvviii i i i i e 102,982 89,400 75,300
Materials and structures research and
technology cvvviiiiiii ittt e te et asnsananans 47.496 48.100 39.600
Controls. guidance and human factors
research and technology ...vvveeiiinirnennnnnns 65,800 58, 800 48,800
Flight systems research and technology.......... 63,840 55.800 47,200
Systems analysSiS....cvvviiiiiiinnn i iinaanns 10.857 10.200 8,600
Rotorcraft industry technology.................. - - 5.000 ~10.000
L0 7= 1 451.547 418,300 342,800

OBJECTIVES AND STATUS

The overall objective of the Research and Technology Base program is to provide a strong fundamental
foundation for future aviation advances. The major emphasis is on the fundamental understanding of a broad
range of physical phenomena, development of computational methods to analyze and predict physical phenomena.
and experimental validation of key analytical capabilities. In addition. advanced aeronautical concepts are
developed, evaluated for potential benefits and experimentally verified for feasibility. These efforts
provide the enabling technology that ultimately leads to future focused technology programs and advanced
systems development by U.S. industry.

The majority of the research is captured in the principal aeronautics disciplines of aerodynamics.
propulsion. materials, structures, controls and guidance, human factors, and flight systems. A significant
portion of the base program is performed in cooperative agreements with the aerospace industry and other
Government agencies to facilitate rapid technology transfer. The Research and Technology base also provides
the resources required to maintain the aeronautics flight research capability as an important complement to
the ground-based experimental and computational facilities. Emphasis in multidisciplinary research, the
combining of two or more disciplines in a single activity, has been increased because of the potential
improvements in aircraft systems that may be realized with integrated design approaches. Advanced concepts
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development and validation provides the basis for veri ication of multidisciplinary analysis methods. The
base also maintains the essential research necessary for future advances in high performance aircraft.

Aerodynamics research and technology provides visionary research to develop world-class aerodynamic
capabilities that combine wind tunnels, instrumentation. computational analysis. and flight research. The
program seeks to provide the technology which, when applied by the U. S. aerospace industry, will enable the
development of economical, safe, quiet. globally competitive aircraft for all speed ranges. Further, the
program includes the development of multidisciplinary methodologies to enable the U. S. industry to reduce
design cycle time and cost in the development of future aircraft. The primary objective of the program is
to provide the fundamental viscous aerodynamic expertise and facilities to meet the ongoing and future
design requirements of the U. S. industry, the NASA, the DoD, the FAA, and other Government agencies. To
that end. the program seeks to define facility effects to improve test results, advance non-intrusive
instrumentation to production status for reliability. accuracy, and ease of use, and develop computational.
experimental, and flight databases to support validation of methods. FY 1994 research includes development
of pressure and temperature sensitive paint measurement systems that are portable for use in multiple wind
tunnel facilities. During Fy 1994. the development of low noise technologies for rotorcraft and the
enhancement of agility and maneuverability of military aircraft are priority goals. An aggressive flight
test effort to document the rotor airloads and acoustics of a modern helicopter rotor will be completed to
provide the rotorcraft industry with critical data to modernize their design methods. Also in Fy 1994, the
program is moving toward providing drag data accuracy of all types to 1/2 count (0.05%). developing and
validating advanced wing design techniques, providing accurate, efficient. and reliable computational
methods for viscous analysis, and developing aerodynamic flow control techniques. During FY 1994. an
advanced infrared measurement technique to determine boundary layer transition will be demonstrated. In

Fy 1994 and beyond, the program will work cooperatively with the U. S. industry to reduce process times for
aerodynamic analysis by an order of magnitude while integrating computational methods into multidisciplinary
design and analysis processes and reducing the skill level required for the use of these technologies.

The propulsion and Dower research and technoloav program provides technology in critical areas that will
enable the U. S. aeropropulsion industry to retain its world leadership position. These critical
technologies will enable the industry to increase their competitiveness in developing environmentally
acceptable, fuel efficient and highly reliable gas turbine engines. Research efforts include developing
analytical tools, developing unique concepts, and conducting fundamental and component experiments both in
turbomachinery. addressing both the axial and radial type components, and in combustion reducing NOx
emissions. The program pioneers the science and technology of viscous internal fluid mechanics and
combustion and their interactions with other disciplines for advanced aeronautical application by the U. S.
aeropropulsion industry. This program provides the fundamental viscous aeropropulsion expertise and
facilities to meet the ongoing and future design requirements of industry, NASA. DoD, FAA, and other
Government agencies. During FY 1994, the program will define sensor requirements for aircraft, including
fiber optics and high temperature silicon carbide sensors: provide practical predictive capabilities for
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un teady aerodynamics. h at transfer. and aeroelastic effects in ropulsion systems and deliver databases
and validated computational fluid dynamics codes with models of relevant flow physics for turbomachinery and
combustors. An advanced experimental database has been obtained via testing the large low speed axial
compressor. The test data will validate 3-D multistage viscous codes and investigate blade row interaction
in a multistage environment.

In FY 1994. the combustion technology focuses on small engine combustors for regional aircraft applications.
Additionally. in FY 1994 and beyond. the program will assess advanced and high risk propulsion concepts.
demonstrate reduced NOx emission combustors, and evolve a database of exhaust gas constituents for
atmospheric environmental assessments on small engines. The program is moving toward an integrated
methodology for propulsion/airframe control design. as well as the assessment of supersonic through-flow
engines for advanced supersonic cruise applications. The program seeks to reduce design cycle process times
for propulsion system analysis, design, and testing technology and to improve design quality while
developing innovative Flow control concepts for improved propulsion system efficiency. operations. and
performance.

The materials and structures research and technoloay program is developing advanced materials, analysis
methods. test methods and structural concepts to enable the design of safe. lightweight airframes and

lightweight. durable, fuel-efficient engines. Materials and structures research is focused on understanding
fundamental behavior. developing life prediction methodologies and advancing fabrication technology for
light metals, composites and high temperature materials. Computational structures technology is concerned
with advanced analytical methods, from the micromechanics level through global response of full-scale
aircraft, aeroelastic response and control, and structural design and optimization. Under airframe
materials research, there are efforts underway to mature the fabricaticn technology for high strength. low
density aluminum-lithium alloys and for polymer-matrix composites utilizing three-dimensional fiber
preforms. At the same time. exploration of new chemical formulations in polymer science is expected to lead
to greater environmental durability in this class of materials. For engines, the primary objective of
materials research is to increase the temperature capability of the materials used in various sections.
Structural research is using aeroelastic benchmark models to gather precise data for validating analytical
prediction methods. It is also investigating the feasibility and utility of various smart structures
concepts. Computational methods research is developing new models for improved fidelity of predictions of
combined thermal and mechanical stresses.

In FY 1994. several promising new polymer formulationswill be evaluated for high temperature applications.
The hot corrosion resistance properties of single-crystal nickel aluminide. a turbine blade candidate
material. will be evaluated. Friction and wear properties of diamond-like carbon film on ceramics will be
evaluated. A model of the fast fracture behavior of monolithic ceramic at temperatures up to 1650 degrees
Centigrade is being validated against test data. Another model of the combined structural and thermal
properties of a ceramic laminate will be developed and tested. Tire friction modeling for landing gear
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a alysis rill continue. Parametri Stl dies and analyses of the behavior of comp site shells in bucklin,
will be completed. Open-loop tests of an active control benchmark model will be conducted in the Transonic
Dynamics Tunnel. and a rig test of a prrR-II (Polymerization of Monomer Reactants) spinner cone is to be
completed. Low-noise concepts of three-bladed and four-bladed rotors on a tiltrotor configurationwill be
tested in the Langley Research Center 14x22 tunnel. Wing subcomponent concepts are to be evaluated for
civil tiltrotor wing applications.

The controls, guidance. and human factors research and technology prosram works with the U.S. aeronautics
industry. the FAA. and its academic partners to pioneer, develop, evaluate, and demonstrate innovative

advances in these technologies. The program emphasizes research that will produce aircraft design cost
reductions and advances in science, engineering, operational productivity, and competitiveness. The program
provides a technology base which supports future aircraft designs for safer and more efficient operations.
greatly expands flight envelopes, and increases National Alrspace System (¥NAS) capacity. This technology
base includes such technical approaches as requirements studies, mathematical and descriptive models,
algorithms development, laboratory studies, simulations, and flight demonstrations. Discussed below are a
number of technology products that have reached maturity and will be validated in flight and in operational
field tests in FY 1994.

Operational tests of air traffic control automation at the Denver Stapleton Airport should provide
evaluation of time-managed aircraft approach. The final phase of this testing is underway at the Dallas-Ft.
Worth Airport. Control systems research has scheduled wind tunnel tests to provide systematic
characterization of modeling uncertainties in control systems for aeroelastic aircraft. The aircraft
atmospheric hazards program is scheduled to complete a rigorous scientific analysis of scattering mechanisms
inherent to microwave and laser illumination of aircraft wake vortices. The Rotorcraft Aircrew Systems
Concepts Airborne Laboratory (RASCAL) UH-60 aircraft received a major flight control system modification:
and flight tests are underway to evaluate color helmet mounted display and low-noise approach profiles for
the UH-60. A civil tiltrotor simulation on the Vertical Motion Simulator (vdS) is studying missed
approaches. cockpit display requirements, and preliminary engine concepts to enhance one engine inoperative
contingency power. Data bases and models of human cognitive and sensory processes and their limitations are
included in FY 1994 research activities on human performance. Flight evaluation of an advanced flight
management system interface is scheduled to be completed. This system is data linked to air traffic
controller automation aids. Researchers plan a real-time demonstration of a method to predict aircraft
crews”® level of situation awareness. A new Flight simulator of the B747-400 glass cockpit was installed in
FY 1993 and acceptance tests are underway. Full mission simulation and empirical evaluation of three-
dimensional auditory cockpit displays for localization of traffic are complete. In FY 1994. verification of
new mathematical methods to assess software reliability are to be demonstrated. NASA and Boeing are working
together to apply an ultra-reliable software reuse method for the B-777 navigation system. Tasks which
provide flight crucial system technology in FY 1994 include high fidelity simulation of an enhanced rolling
control law using actuated nose strakes for military aircraft. Flight tests are planned to demonstrate new
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control laws in the High-Alpha Research Vehicle (HARV) aircraft. Application of propulsion controlled
aircraft technology continues with civil aircraft. A direct radiation survey of a Bendix flight control
computer is planned to be completed in FY 1994. NASA researchers are teamed with industry to develop
radiation codes which can predict electromagnetic performance in composite aircraft.

Flinht systems research and technology addresses a broad range of needs supporting aviation safety, air
vehicle advanced technology demonstration/validation, Flight test methodologies, and facility support. In
aviation safety, the icing research tunnel is used to study the performance effects of ice accretion on
airfoils and to validate analytic models which predict ice accretion for fixed-wing and rotary-wing
aircraft. In FY 1994, a computer code for designing and analyzing thermal ice protection systems will be
made available to U.S. industry, a joint NASA/FAA/industry program to address the problem of ice-induced
tail plane stalls will be initiated. and a joint NASA/industry program to develop requirements for ice
protection for Hybrid Laminar Flow Control (HLFC) systems will be initiated. The high angle-of-attack
research program continues to explore maneuverability and agility technology. Wind-tunnel and flight-data-
validated prediction methods are enabling aircraft designers to develop advanced control concepts and to
design modifications for existing aircraft to enhance maneuver performance. Advanced computational fluid
dynamics methods have been used to calculate the flowfield around the full F-18 configuration with excellent
correlation to data obtained from the F-18 high angle-of-attack research vehicle HARV. The multi-axis
Thrust Vectoring Control System (TvCS) installed on the highly instrumented F-18 HARV has been flown at
extreme angle-of-attack with excellent effectiveness demonstrated. Delivery and installation of the HARV
mechanical forebody vortex control devices will be completed in FY 1994. HARV flights with an inlet rake
are also scheduled in FY 1994. The tactical utility evaluation of the X-31 Enhanced Fighter Maneuverability
(EFM) aircraft at high angle-of-attack will be completed in FY 1994 along with evaluation of a helmet-
mounted display system with audio cues. Limited in-house personnel and test facility support are being
provided to support DoD and industry Short Take-OFf and Vertical Landing (STOVL) efforts in FY 1994. The
F-15 integrated propulsion and aircraft controls technology program has satisfied the original objective of
developing real-time optimization of aircraft and engine performance for non-thrust vectoring aircraft at
subsonic and supersonic flight conditions and the test aircraft has been retired. The program objective has
been extended to include multi-axis engine thrust vectoring with emphasis on supersonic cruise optimization.
A new F-15 aircraft testbed (formerly the USAF F-15 Short Take-Off and Landing (STOL) and Maneuver Test
Demonstrator) has been acquired and will be modified with axisymmetric thrust vectoring engine nozzles and
an enhanced-capability on-board computer in FY 1994. The SR-71 testbed program provides a unique national
resource featuring Mach 3+ speeds, 80,000+ ft. altitude, and excellent payload carrying capability to
support aeronautics and space science. Several flights benefiting high-speed research and science will be
conducted in FY 1994 using the SR-71 aircraft. The highly instrumented F-18 Systems Research Aircraft (SRA)
testbed features fiber optic and digital data busses. The F-18 SRA program was established to enable
affordable, in-flight demonstration of new aeronautics subsystem technologies to satisfy Government and
industry needs. In FY 1994. a flush air data concept along with a high capability airborne research test
computer system and various fiber optic and electrical hardware will be evaluated. An F-15B aircraft has
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been acquired to replace the F-104 aerodynamics testbed and flight test fixture. The F-15B with advanced
flight test fixture will be fully instrumented in FY 1994. The instrumentation and test techniques program
and the university research program are continuing activities that promote the development of sensor
technology/concepts, new or improved flight research methods, and aeronautics innovations.

The aeronautics systems analysis program conducts long-term technology assessments, identifies technology
applications, and performs sensitivity analyses and tradeoff studies from which effective research and
technology programs can be developed to meet future civil and military aircraft requirements. Studies
conducted under the systems analysis program focus on defining high-leverage, long-range research and
technology needs for specific vehicle classes. In addition, the element includes development of advanced
analytical techniques, and of design and optimization capabilities. Current efforts include conceptual
design studies and environmental impact analyses for subsonic and supersonic transport aircraft and
propulsion systems beyond the Advanced Subsonic Technology and High-speed Research programs. In FY 1994. a
study of configurations and mission alternatives for an oblique all-wing aircraft will be completed, and an
asero/structural model of this concept will be assembled for detailed studies. System studies of laminar
flow systems for supersonic transports and for business jets are to be completed. In the subsonic regime, a
study of the infrastructure of the cargo transportation business will be initiated. The concept of an 800-
passenger subsonic transport airplane is to be evaluated with engine alternatives. A projection will be
made of the technology needs of large propulsion systems in the year 2005. Phase II of the civil tiltrotor
cost-benefitfrisk assessment study will be completed. A prototype designer®s associate (expert system for
facilitating design) for propulsion nozzles is to be assembled and demonstrated. Synthesis and analysis
capabilities will be upgraded with automated loads and deflections mapping, a variable complexity design
system including takeoff and landing analyses, combined aero/structures/performance optimization. and a
computer-aided engineering system to support comprehensive geometry modeling. Restructuring engine cycle
and flowpath codes in an object oriented framework will begin after review by a government/industry working
group. The aeronautics advanced design program is in the second year of a three-year cycle of supporting
senior design courses at twelve universities.

The goal of the Rotorcraft Industry TEchnolosy (RITE) program is to provide an organizational framework to
allow NASA and other federal agencies, U.S. industry, and academia to interact in the identification and
development of technologies to address technology issues confronting the U.S. rotorcraft industry. In 1994.
$5.0 million was allocated to initiate this program. These funds were realigned from aerodynamics research
and technology ($2.0 million) and the hypersonic research and technology ($3.0 million) programs. Two
institutes will manage the research programs undertaken within RITE and interface with the companies
performing the research tasks. The significant characteristics of this effort are the equal cost sharing by
industry, the degree to which industry is involved in the identification of the tasks to be undertaken. and
the sharing of all information developed within the program by the participants. The Ffive areas identified
to date are critical technologies for improved competitiveness, passenger/environmental acceptance.
product/process development. aviation infrastructure, and merging of military and civil specifications.
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BASIS OF FY 1995 ESTIMATE

For FY 1995. the 18% reduction in the research and technology (r&T) base results from reductions

($47.5 million) to facilities and operations support and technical services along with reductions in the R&T
base research activities: not continuing the one-time adjustment for aeronautics facility research and
development included in FY 1994 into FY 1995 ($19.0 million): and consolidation of the Small Business
Innovative Research activities ($9.0 million) into the Advanced Concepts and Technology budget. Facilities
and operations support of research activities have been reduced by closing selected facilities, reducing
test shifts, eliminating one chase aircraft, and reducing telecommunications services. Further. technical
services, such as data communications, graphics. technical library services, supercomputing capability and
aircraft support. have also been reduced. Every effort will be made to minimize the programmatic impacts of
these reductions. The resultant FY 1995 research program. although smaller than

FY 1994. remains extremely challenging and is described in greater detail below.

Aerodvnamics research and tachnology funding will be reduced 25%. (The aerodynamics reduction includes the
$19.0 million one-time facilities adjustment in FY 1994. hence the aerodynamics reductions is actually $18.7
million rather than $37.7 million). The reduction is comprised of operations support for wind tunnels and
computational capability plus a $0.7 million reduction in advanced configurations such as oblique wing for
high-speed applications. Despite the reduction, the program will continue its focus on customer interaction
as its primary objective. This will help the evolving process to determine the next generation of problems
to be solved and the development of technology opportunities that will lead to the next generation of NASA
systems technology programs. In ry 1995. these facilities are scheduled to be placed on standby (ho tests,
minimal maintenance): 7x10 high-speed tunnel (Langley Research Center (LaRC)), 8-foot transonic pressure
tunnel (LaRC), and possibly (decision not yet made). the 30x60 full scale tunnel (LaRC). Customers have
identified a need for, and the program will develop in-fFlight instrumentation including advanced sensor.
data handling. and test techniques for applications ranging from subsonic to supersonic. This program will
develop a real-time off-site hook-up to wind tunnel facilities so that customers can observe data operations
during wind tunnel testing without being on-site. Standard interfaces will be developed between NASA and
industry design processes which will enable faster technology transfer. Recognizing that the design process
is migrating to multidisciplinary for efficiency, the program will choose and implement non-aerodynamic
disciplines with aerodynamics into the multidisciplinary process. In subsonics. flight research will shift
from 737 research to 757. and a semi-span high-lift research capability will be developed for the National
Transonic Facility. Flight evaluations of rotor state measurement and estimation concepts will be completed
on the Rotorcraft Aircrew Systems Concept Airborne Laboratory (RASCAL) aircraft. In acoustics. 3-D non-
intrusive acoustic survey instrumentationwill be developed for wind tunnels, and noise prediction will
shift to chaotic and turbulent flow First principles. The program will support the Air Force"s tail-less
fighter program. For supersonic transport development. the program will research concepts to reduce the
wing span of these configurations, while determining the effectiveness of conventional control surfaces and
evaluating new ones. Advanced transition prediction techniques will enable the development of laminar flow
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con rol system design for applications ra ging from subsonic to supersonic. and newly developed Reynolds
stress turbulence models will be adapted to industrial computational codes with the goal of computational
affordability.

Propulsion and Dower research and technoloav funding will be reduced 16%. This includes a

$9.8 million reduction of the operations support for propulsion facilities and computational capability plus
a $2.1 million reduction that eliminates the supersonic throughflow concept for high-speed applications and
a $2.2 million reduction in advanced component structures technology for subsonic transport propulsion
applications. The program will continue to emphasize customer interaction in order to determine the next
generation of propulsion problems to be solved and the development of technology opportunities that will
lead to advanced propulsion systems technology programs. In FY 1995. the Lewis Research Center is scheduled
to place the Powered Lift Facility on standby. As the aeropropulsion industry develops strategies for
future propulsion systems and further defines their technology needs, the research efforts in this program
will evolve to meet those needs. Lower cost. smarter. more reliable propulsion sensors will be developed
during FY 1995 that take advantage of advances in micromachining. microfabricating. and integrating optics
technologies. In FY 1995. this program will advance engine efficiency through research in cooling
effectiveness and emissions controls. Also in FY 1995. real-time displays of multiparameter measurements
for engine systems will be developed in the non-intrusive measurement program using advances in lasers.
electro-optic devices, neural networks, and data acquisitions. Advances made In FY 1995 in controls
research using intelligent and integrated control systems will improve propulsion system reliability and
safety. The FY 1995 research in multidisciplinary technology will provide faster and cheaper design and
analysis tools for the propulsion industry. This research will integrate computational fluid dynamics,
controls. and structures.

Materials and structures research and technology Ffunding will be reduced 18%. This $8.5 million reduction
will limit the resources available for computational programs and require additional time for completion of
planned experimental research such as the structural testing of an energy-absorbing subfloor concept and the
loads calibration of a full-scale wing structure. An experimental evaluation of an energy-absorbing floor
substructure concept will be conducted in the Impact Dynamics Research Facility. Instrumentation of a full-
scale airframe will be initiated in an investigation of flight loads calibration technology.
Multidisciplinary analysis including a complete-aircraft aeroelastic capability based on Euler and Navier-
Stokes aerodynamics and finite element structures representations will be demonstrated. Composite shell
experiments will be completed, and the data compared with analysis. Analyses will be performed, using
finite element methods, of crack interaction geometries in composite materials. Also, a higher order
composite element for improved modeling fidelity will be demonstrated. Fatigue damage accumulation models
for metal- and intermetallic-matrix composites will be validated. Viscoplastic models for complex
structural alloys will be completed. A turbine blade design optimization method using networked distributed
computing for a projected 50% reduction in design cycle time will be demonstrated. Work will continue on
tire friction modeling, and compilation of a national radial tire database will be completed. Fabrication
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technologies will be transferred to industry, including reaction forming of monolithic silicon carbide and
casting of specific ceramic composites. The results of the three- and four-blade rotor aeroacoustic testing
in the LaRC 14x22 tunnel will be assessed, and a low-noise concept selected. Baseline testing of a
tiltrotor aeroacoustic model will also begin, and a rotor blade design simultaneously optimized for
aerodynamics, structures. and acoustics will be tested in the Langley Transonic Dynamics Tunnel.

The controls, guidance, and human factors research and technoloay prozram Funding will be reduced 17% but
will continue to emphasize cost-effective and high-payoff technology. This $10.0 million reduction is
comprised of a $6.5 million reduction to the operations support for simulation facilities and computational
capability plus a $0.5 million reduction that eliminates research in synthetic vision and advanced control
algorithms for high-speed applications and a $3.0 million reduction in aircraft/Air Traffic Control
integration research for flight deck automation. In FY 1995. multidisciplinary evaluations of the Descent
Advisor air traffic control aid (including automated aids) will be initiated. Flight evaluation at Dallas-
Ft. Worth airport of the Final Approach Spacing tool (air traffic control aid) also will begin. The fifth
civil tiltrotor simulation on the Vertical Motion Simulator (vdS) will be completed in a joint effort with
the FAA. A full-scale test of tiltrotor advanced technology blades will be completed in the 80x120 wind
tunnel test section at the Ames Research Center to evaluate noise and performance in support of the short-
haul civil tiltrotor program. Wake vortex hazard criteria. as well as the metric-based on-board sensor to
detect such hazards. will be developed. Tests in the vdS of civil tiltrotor operations in an urban terminal
area will be completed. In FY 1995. the feasibility of carrier phase-based use of the global positioning
system (GPS) to support high precision approach and landing will be demonstrated. Human factors technology
tests and analyses will be completed that explore advanced visual enhancement aids for ground operations
under low-low visibility conditions. Standards for in-flight bunks for crew rest will be validated.
Increased emphasis will be placed on multidisciplinary approaches to investigate the integration of aircraft
equipped with advanced technologies, such as synthetic vision, data link and GPS. into the National Airspace
System. Research will continue to test new methods to provide productive “verification and validation”
measures of new Flight system software. Flight crucial research will initiate high angle-of-attack flight
tests of an F-18 thrust vectoring system which incorporates third control law design. Flight tests of
actuated nose strakes will be completed. Emphasis will continue to be placed on the development and
validation of design and assessment tools which support cost-effective certification of highly reliable
electro-optical flight systems and on methods for automated development of reliable software for such
systems. Antenna research will integrate prior year information in order to define standardization and
machine utilities for electromagnetic antenna codes.

In flight systems research and technoloav. funding will be reduced 15%. This $8.6 million budget reduction
will be accommodated by infrastructure reductions at the Dryden Flight Research Facility. descoping the F-18
High Alpha Research (HARV). extending into FY 1995 the schedule for the F-15 based integrated
propulsion/flight control research program, and reducing testbed aircraft program activities. The program
will concentrate its funding in the technology areas discussed below. The aviation safety program will
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concentrate on testing a thermal anti-icing concept for hybrid laminar flow control configurations and
performance testing of an advanced three-dimensional high-lift wing model in icing conditions. The high
angle-of-attack research program will focus on evaluation of mechanical strakes €or forebody vortex control
separately and in combination with engine thrust vectoring in the F-18 HARV. Limited in-house personnel and
test facility support will be provided to continue to support DoD and industry STOVL efforts in FY 1995.

The F-15 aircraft testbed with axisymmetric thrust vectoring engine nozzles and enhanced-capability computer
will be used to demonstrate optimized flight performance. An SR-71 flight experiment to determine the
effects of wing platform variation on sonic boom signature and to validate sonic boom analytic models is
planned. Flight operation of the F-18 SrRA testbed aircraft will continue to support development of advanced
fiber optic flight control systems in rY 1995. The F-15B aerodynamic testbed and advanced flight test
fixture will be used to conduct one or more basic aerodynamic phenomena flight experiments. The
instrumentation and test technique program and the university research program will continue in FY 1995.

The aeronautics systems analysis program funding will be reduced 16%. This $1.6 million reduction will
result in a lower level of operations support for computational capability along with a reduction to the
planned investigations of advanced configurations for high-speed and subsonic transport applications. This
program will continue the development of analytical methods and multidisciplinary design methods within its
budgetary constraints. It will continue multidisciplinary aircraft synthesis capability enhancements
through the Aircraft Synthesis Institute. The program will complete restructuring engine cycle and flowpath
codes in object oriented language and will decide on the direction for further development. It will
complete and evaluate a prototype of an expert system for facilitating the procedure of airframe design (a
designer®s associate for airframes). Senior level classes at twelve U.S. universities will conduct advanced
aircraft design projects utilizing mentors at NASA research centers. Supersonic transport studies will
include the continuing investigation of alternative configurations and a study of the economics of long
range supersonic air service. A systems study of innovative large aircraft will be completed. A market
sensitivity study for civil tiltrotors incorporating advanced technologies will be conducted, and the
technology needs for small propulsion systems in 2005 will be estimated. The asro/mechanical design for a
Mach 2+ supersonic through-flow fan concept will be completed.

Within the Rotorcraft Industry TEchnology (RITE) program, projects to be initiated in FY 1995 include the
development of health and utilization systems for increased power train reliability and safety. the
development of technology for advanced transmissions for longer maintenance intervals and more reliable
operation, noise and vibration reduction for increased customer acceptance, and low cost avionics and flight
control for all weather operation. This effort represents an unique and new way for NASA to interact with
its" customers. Because of the departure from traditional program characteristics, an independent review
will be undertaken at the end of five years to determine the success of the program in developing and
transferring useful technology to the users, and their ability to incorporate that technology into improved
products. The results of that review will determine whether the program is continued or eliminated.
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Within the research and technology program. hypersonic research and technology will be restructured
transferred into the hypersonic technology program portion of the system technology programs beginnigj

FY 1995.
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SYSTEMS TECHNOLOGY PROGRAMS

High-performance computing and
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Materials and structures systems

technology vovvirinii i e e i e ansnranannnsns
Numerical aerodynamic simulation::«::sseeeaaiinnn
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FY 1993

30,359

24.388

47,930
116,995

12,425

EY 1994
(Thousands of dollars)

65,600

25.700

48,100
197,200

89.300
—26,000

451900

76.100

24.300

46.200
221.300
125,800

40,000

22200
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FY 1993 FY 1994 FY 1995
(Thousands of dollars)

High-performance computing and communications... 30.359 65.600 76.100
OBJECTIVES AND STATUS

The high-performance computing and communications (HPCC) program is a multi-agency endeavor which involves
NASA. the Department of Energy, the National Science Foundation, the Department of Defense (boD), the
Department of Commerce. the National Institutes of Health, the Environmental Protection Agency, and the
Department of Education.

NASA"s involvement in the HPCC program will accelerate the development and application of high-performance
computing technologies to solve the Agency"s grand challenge research problems. The NASA HPCC program is
focused to enable broad advances in aerospace vehicle design, Earth and space systems science research.
access to databases of remote sensing images and K-12 science education.

NASA"s primary role in the Federal program is leading the development of applications software and
algorithms suitable for massively parallel computing systems which will increase system performance to the
sustained t=raFLOPS (1012 Ffloating point operations per second) level. NASA"s other roles include
evaluating experimental hardware for testbeds, supporting the development of the National Research and
Education Network (NREN), promoting long-term research of the underlying theory and concepts of high-
performance computing and increasing the pool of personnel trained to use HPCC technology, developing
digital library technologies and networking technologies to improve the public access to remote sensing
data. and leading in the development of Earth and space science curriculum material for K-12 science and
math education.

NASA is the lead agency for coordinating plans to develop systems software and tools for the Federal HPCC
program. In May 1993. a workshop of experts from industry. academia. and government was convened to produce
a national agenda for software and tools for high-performance computing applications. A technical report
summarizing the workshop findings was published: this report will be used to help formulate a national
perspective on systems software requirements. NASA also is leading Federal efforts to make HPCC software
less expensive and more robust by encouraging software sharing and reuse. NASA has established an
experimental software exchange system that connects software repositories across a number of Federal
agencies. A series of metrics have been developed to compare alternate architectures for future generations
of the exchange systems.
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Significant progress has been made in the program including: installation of a second generation testbed of
50x10% FLoating Operations per Second (GigaFLOPS), awarding grants to multidisciplinary research teams to
support the Earth and Space Sciences (E3SS) project, and contributing to. and continuing to act as a member
of the Concurrent Supercomputing Consortium for the use of Intel Corporation®s massively parallel Paragon
supercomputer installed at the California Institute of Technology. Specific accomplishments include:
generating 3-dimensional images of the planet Venus from Magellan satellite data: direct numerical
simulation of large, time-dependent compressible Navier-Stokes equations: and three-dimensional compressible
turbulence simulations for high-Reynolds numbers.

Single discipline computational fluid dynamics (CFD) codes were adapted for a number of massively parallel
supercomputers including the Thinking Machines CM5 and Intel Paragon. These pilot fluid codes are being
applied to both high-speed civil transport and high-performance aircraft applications. NASA also
accomplished the benchmarking of multidisciplinary codes on parallel supercomputers. including the
development and demonstration of a coupled aerodynamics and structures code on the Intel Paragon
supercomputer. Furthermore, NASA researchers have created methods for streamlining the process required for
developing an optimal airframe design. The development of these codes complements the High-speed Civil
Transport (HSCT) program by allowing aircraft manufacturers to analyze different design options rapidly and
produce vehicles more efficiently with optimal performance and reduced design cycle costs.

NASA researchers also have established a parallel computing testbed using a cluster of high-end IBM
workstations. This testbed will provide for the early evaluation of clusterad workstations for
multidisciplinary aeropropulsion simulation.

NASA also contributed to the advancement of the National Research and Education Network by entering into a
cooperative agreement with the Department of Energy to procure research network services based on emerging
cell-switching technology that operates at 45 megabits per second (mbps). This is a vast increase over
previous network services which only operate at 1.5 mbps. These interconnects are essential to connect NASA
Field Centers at greater data exchange rates and provide industrial and university researchers access to
NASA computing testbeds.

In addition. NASA made several contributions to the program™s basic research and human resources component
by funding in-house activities to develop advanced algorithms for multidisciplinary applications on parallel
computing testbeds. It provided funding support for university efforts through NASA research institutes and
provided funding for seven graduate student researchers. Finally, NASA advanced its outreach efforts for
K-12 grade students by selecting two pilot high schools to begin the development of networking-supported
research and education activities.
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BASIS OF FY 1995 ESTIMATE

In FY 1995. NASA"s HPCC program is focused in three major areas: integrated. multidisciplinary
computational aerospace vehicle design: multidisciplinary modeling and analysis of Earth and space science
phenomena: and development of Information Infrastructure Technology and Applications.

NASA plans to expand activities to broaden the reach of the HPCC program and accelerate the development of a
national information infrastructure by supporting research and development in education, digital library
technology, and access to Earth and space science data. In education, NASA will increase its focus on
developing K-12 education products available over the NREN and establishing teacher training programs for
the utilization of NASA education products. To this end. NASA will evaluate initial K-12 digital
educational material components and tools relating to TerafFLOPS systems in FY 1995. In digital library
technology, NASA will advance technology for petabyte scale data storage systems. NASA also will increase
efforts to make Earth and space science data more widely available by developing and evaluating prototype
digital data bases of images and software that are available over the NREN.

Grand challenge software applications research will proceed in two distinct projects: the computational
darosciances (CAS) project and the Earth and space sciences (ESS) project. The CAS project will direct its
efforts towards continuing the development of multidisciplinary algorithms and advanced software technology
in four Grand Challenge areas. These areas are: high-speed civil transport (HSCT). high-performance
aircraft. subsonic aircraft, and rotorcraft applications. The ESS project will focus on grand challenge
teams selected in FY 1993 in the areas of: climate modeling: studying ocean, land and atmosphere dynamics:
model ing magnetosphere-solar wind interactions, stellar interiors and surfaces. star/galaxy creation and
evolution, and the formation of other cosmological structures: analyzing enormous geophysical databases: and
the assimilation of atmospheric data.

Testbeds are a crucial part of this program because they provide a key tool for interdisciplinary research
teams to develop and evaluate applications and systems software and to evaluate scalable hardware
architectures and peripherals. A key to successful exploitation of massively parallel computing power will
be the blending of application-driven and architecture-driven computer systems and software to most
effectively meet NASA"s needs. Third generation prototype testbeds of 50 to 100 GigaFLOPS are scheduled to
become functional in FY 1996. These testbeds will not be replacements for the numerical aerodynamic
simulation (NAS) system or any of NASA®"s other computational facilities, but rather will serve as proof-of-
concept systems which could be used by those computing facilities once the systems are scaled up and ready
for operational use. Also, satellite-based gigabit applications using the Advanced Communications
Technology Satellite (ACTS) and associated ground terminals will be demonstrated in FY 1995.
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FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Materials and structures systems
technology v vvviiiii i iiieiii e enanansnsannns 24,388 25,700 24,300

OBJECTIVES AND STATUS

The objective of materials and structures systems technology, also known as the advanced composites
technology program, is to develop innovative cost-effective structural concepts and fabrication processes to
more fully exploit the advantages of composite materials in primary structures of future aircraft. While
the current demonstrated level of composites technology can promise improved aircraft performance through
reduced structural weight, it does so at an inhibiting increased cost. Further development of the
technology is pursued through material formulation and processing refinements, innovative fabrication
concepts with their resulting unique structural configurations. and analytical developments for improved
structural behavior prediction. The improved technology levels will be demonstrated and validated by
fabrication and testing at the subcomponent and subscale component levels. Such validation is an essential
building block leading to full-scale primary structures. The program goals are to develop technology that
will reduce airframe structure acquisition costs by 25% and structural weight by 30% to 50%. after rzsizing
the aircraft for maximum benefit. To achieve these goals, a new approach to composite design must be
developed by integrating the design concepts with advanced fabrication techniques using new material forms.
Understanding of failure mechanisms and behavior under complex loading is critical to establishing the data
base for innovative design with composites. Components constructed using new structural concepts (advanced
fiber placement. woven textile preforms, and resin transfer molding (RTH)/stitched) show potential for
achieving cost-effective composite primary aircraft structures.

During FY 1994. development of design and manufacturing techniques for composite fuselage subcomponents and
full-scale wing components is continuing with a significant emphasis on verification testing. Validation of
the fuselage keel damage tolerance and load redistributionwill be completed. Testing of the woven textile
fuselage frames and window belts and development of innovative tooling and requirements for a weaving
machine will be completed. Testing is continuing on the fuselage side panels to ensure the pressure load is
properly distributed about the windows. Testing will begin to assess the load transfer across the major
intersection between the fuselage crown and side panels. Completion of benchmark tests during FY 1994 for
fuselage panels to verify the analytical methods will allow prediction of the behavior of a full-scale
fuselage. A cost model developed under this effort will be exercised to predict the cost and weight of the
fuselage. Major milestones in the development of the composite wing will also be reached during FY 1994.
These milestones include wing subcomponents design. fabrication, and checkout: and the design of a full-
scale semispan composite wing box. Completion of development of ’TH/stiteching technologies in FY 1994 will
enable initiation of fabrication of the wing box. The experimental characterization of the mechanical

SAT 4-20

8



properties, damage tolerance, and fatigue response of RTM-type resins and laminate architecture of woven and
stitched preforms will be completed. The advanced stitching equipment will be constructed. The fifth
technical conference will be held to ensure continued dissemination of the technology to airframe
manufacturers and materials suppliers.

BASIS OF v 1995 ESTIMATE

During FY 1995. development of composite fuselage structure will emphasize completing the fabrication and
testing of cost-effective side panels. Global assessment of the integration of the most promising crown,
side and keel panel concepts for assembly of a full fuselage barrel section will be completed. Forward keel
panels will be tested to validate the capability to redistribute the highly concentrated load at the keel
beam attachment joint and to correlate analysis with test results. Detailed design of side panels will be
completed and 7 feet by 8 feet manufacturing trial panels will be fabricated and evaluated. Side panels
containing multiple cutouts for doors and windows will be tested to validate load redistribution around the
cutouts and to verify analysis and tests correlation. Cost models will be exercised to predict cost and
weight for the final side panel and splice designs. Development of the composite wing structure will
emphasize testing a 12-feet stub box and scale-up of the fabrication technology by building subcomponents
for a 40-feet semispan wing box. Braided wing stiffeners will be evaluated. The RTH/stitched materials
database will be completed. The analytical model developed to predict flow and cure of RTH/stitched
composite structures will be validated. The sixth technical conference will be held to ensure continued
dissemination of the technology to airframe manufacturers and materials suppliers. All Phase B activities
will be completed at the end of FY 1995.
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FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Numerical aerodynamic simulation................ 47,930 48.100 46,200

OBJECTIVES AND STATUS

The numerical aerodynamic simulation (NAS) program vision is ""To provide the Nation"s aerospace research
and development community by the year 2000 a high-performance. operational computing system capable of
simulating an entire aerospace vehicle system within a computing time ranging from one to several hours."™*
The objectives of the NAS program were chosen to meet this vision: (1) act as a pathfinder in advanced,
large-scale computational capability through systematic incorporation of state-of-the-art improvements in
computer hardware and software technologies: (2) provide a national computational capability, available to
NASA, DoD, industry. other government agencies and universities, as a necessary element in ensuring
continuing leadership in computational fluid dynamics and related computational aerospace disciplines: and,
(3) provide a strong research tool for the Office of Aeronautics. The NAS facility provides the tools and
resources dedicated to obtaining solutions to problems which may be intractable on less than state-of-the-
art computer systems, including solutions to the Navier-Stokes equations, (enabling performance analysis
predictions for complex aircraft geometries). In order to ensure this degree of computational capability.
the NAS program continues to implement the following efforts: (1) acquire pathfinding, state-of-the-art.
high-speed processors (H5P's); (2) provide a uniform, balanced, user-friendly system with equivalent
capabilities for local and remote users: (3) maintain an auxiliary processing center for secure processing:
(4) research existing parallel architectures and incorporate them into future generations of the NAS: (5)
develop a hardware and software environment for prototyping and testing of computers, networks, storage
devices, workstations and graphic output devices: and (6) continue to research and enhance an increasingly
sophisticated system of hardware/software tools and environments to assist the user in performing CFD tasks
efficiently.

During FY 1994, balanced system software and support for the HSP"s is achieved through a continuous upgrade
process. The third high-speed processor (HsP-3) was placed in operation in March 1993. with a major upgrade
to one gigaword of memory in September 1993. making NAS a unique Ffacility combining high-speed computation
with a large memory. HSP-3 is now providing a fourfold increase in computational hours available to the NAS
community. Mass storage capacity is 9.6 terabytes, enabling quickly available data storage consistent with
HSP output capability. The AERONET is operational. The AERONET is the long-haul communications network
which replaced older. switched networking with a newer routed (more reliable and efficient) network and
increased traffic throughput speed by up to a factor of 10. The next generation workstations (WKS-III) will
be acquired in FY 1994 to provide a threefold improvement in workstation interface capability to the HSP"s
in FY 1994. To meet the challenge of providing increased operational computing capability for aerospace
applications. pathfinding research continues in parallel architectures and algorithms with mapping of

SAT 4-22



specific aerodynamic simulation problems onto advanced computational platforms. During FY 1994. user
interface and visualization software research emphasis is continuing to shift toward multidisciplinary tools
and requirements.

BASIS OF FY 1995 ESTIMATE

The number of accounts will be maintained around its current level (@bout 2000) continuing the diverse use
of the system by NASA. the DoD, other Government agencies. industry and academia. During

FY 1994. the next generation workstation (WKsS-III) will be installed and become operational, The funding
reduction from FY 1994 to FY 1995 will delay the planned release date of the request for proposal (RFP) for
the fourth high-speed processor (HSP-4) from FY 1994 to FY 1995. The HSP-4 is expected to provide another
fourfold increase in capability over HSP-3. Other hardware and software elements of the extended
operational configurationwill continue to be enhanced as part of the continual process for development of
future versions of the NAS.
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FY 1993 FY 1994 FY 1995
(Thousands of dollars)

High-speed researCh........icviiiirciinnnrannnns 116.995 197,200 221,300
OBJECTIVES AND STATUS

Studies here and abroad have identified a substantial market for a future supersonic airliner -- the high-
speed civil transport (HSCT) -- to meet the rapidly growing long-haul market, particularly for the Pacific-
rim sector where travel is projected to increase four-fold by the year 2000. Over the period from 2005 to
2015. this market could support an estimated 500 to 1000 HSCT aircraft. thereby creating a multi-billion
dollar sales opportunity for its producers. While current technology is insufficient, the studies further
indicate that an environmentally compatible and economically competitive HSCT could reach fruition through
aggressive technology development and application. NASA"s High-speed Research (HSR) program is providing a
public-sector catalyst in addressing this important opportunity with U.S. industry through a two-phase
approach. Phase |, a seven year effort which began in FY 1990, is defining critical HSCT environmental
compatibility requirements in the areas of atmospheric effects, community noise and sonic boom. It is also
establishing a technology foundation to meet these requirements. Phase II of the HSR program, a nine year
undertaking started in FY 1993. is directed at developing and verifying, in cooperation with U.S. industry.
the high-leverage technologies essential for economic viability in addition to environmental compatibility.

Progress to date has provided growing confidence that the necessary technology can be developed to satisfy
the critical environmental concerns. Most importantly, assessments of the potential impact of a future HSCT
fleet on stratospheric ozone using the latest two-dimensional atmospheric models (incorporatingmulti-phase
chemistry and more detailed aircraft operational scenarios than previously used). continue to predict very
small effects for HSCT's with low-emission combustors. The data base of in-situ observations of
heterogeneous chemical processes in the upper atmosphere, which have been shown to be robust in laboratory
studies, has also been expanded by the successful FY 1993 Stratospheric Photochemistry. Aerosols and
Dynamics Expedition (SPADE). Results from SPADE are being incorporated into continuing atmospheric model
development and laboratory studies, and are also serving to assist planning for the Measurements for
Assessing the Effects of Stratospheric Aircraft (iAESA) complement to the 1994 Airborne Southern Hemisphere
Ozone Experiment (4SHOE) of NASA"s Upper Atmosphere Research program. In MAESA, additional atmospheric
measurements will be made from the ER-2 aircraft in flights between Moffett Field. California and
Christchurch, New Zealand. Related measurements on flights from a Pacific equatorial site are also planned
with the new Perseus autonomous aircraft. pending successful completion of the acceptance flight testing now
underway at the Dryden Flight Research Facility. These measurements will be used to ensure that the
chemistry of the atmospheric models is representative of all seasons and geographic locations, and
accurately simulates the interactions of the proposed aircraft emissions and operations. The program®s
interim assessment and research plans were also submitted to the National Research Council in FY 1993 for
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review. and specific recommendations on additional research that can further reduce model uncertainties are
currently being incorporated into the research plans to provide the best possible basis for future
assessments.

In the pursuit of ultra-low-emission engine technology for future HSCT application, flame tube laboratory
tests of advanced combustion concepts have successfully achieved the desired levels of less than five grams
of nitrogen oxide per kilogram of fuel burned. During FY 1993, the laboratory tests were extended to higher
inlet temperatures with no significant increase in nitrogen oxide production. The application of the
knowledge base from these tests to practical combustor configurations also progressed to the fabrication of
sector hardware for both the lean, premixed. prevaporized and the rich burn, quick quench, lean burn
concepts. During FY 1994, testing of these combustor sectors will be conducted to provide the basis for the
selection of the preferred combustor configuration in FY 1996.

In noise reduction, upwards of eighteen decibel noise suppression has been achieved through advanced mixer -
ejector nozzles. and wind tunnel testing of innovative high-lift devices shows an additional two to siXx
decibel potential through advanced operational procedures. As a nominal twenty decibel reduction is needed
to achieve levels equivalent to the same stringent FAR 36. Stage three noise standards required for today"s
new subsonic transport aircraft, there is growing confidence that the community®s needs can be satisfied. A
second generation of model mixer/ejector nozzles was evaluated in coordination with analysis of the primary
and backup engine concepts. and the results indicate that acceptable community noise levels and economical
performance can be achieved. Acoustic liners for the engine nozzles designed to reduce mixing noise have
been evaluated in small-scale tests and are providing the basis for the preliminary design of the best
nozzle concepts for the large-scale experiments planned for ry 1999. Similarly, further high-lift concept
developments and refinements, including testing at high-Reynolds number conditions in the National Transonic
Facility. continue to show payoffs in helping to alleviate aircraft noise exposure to the community.

Aerodynamics technology efforts have also involved testing of the industry®s baseline aircraft design in
subsonic and transonic wind tunnels. Efforts to provide the ability to soften the sonic boom with minimal
penalty in aerodynamic efficiency also continued with scale model wind tunnel testing. and SR-71 flight
tests to investigate pressure disturbance propagation through the atmosphere. In FY 1993. supersonic
laminar flow control research also progressed with testing of a leading edge wing modification on the F-16XL
aircraft, and successful demonstration of the fabrication process for the large suction panel to be tested
on the F-16XL in FY 1995.

Development of enabling propulsion materials remains focused on ceramic matrix composites (CMCs) for low-
emission combustor liners and intermetallic matrix composites (I#Cs) for light-weight. low-noise nozzle
components. The commercial viability of selected processes for producing continuous ceramic fibers for CMCs
and IMCs was established. and initial test results indicate that these fibers meet the established program
goals for physical and mechanical properties. thermal stability, and environmental durability. A joint
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government and industry assessment was complated allowing the most promising CMC materials to be selected
for further development and evaluation in combustor liner segment tests. Plans have been completed for
fabricating larger scale elements of the selected materials, fabrication process feasibility tests were
started. and design of the CMC liner segments was initiated. Scale-up of the most promising fiber and fiber
coating processes for IMCs was also started, along with development of IMC life prediction codes. A
benchmark test facility for conducting high-temperature tests of candidate CMC and IMC panels was installed
at the Lewis Research Center to guide further development and evaluation efforts. Trade studies to select
potential backup combustor and nozzle materials were conducted and development of these materials is being
pursued as part of the program®"s risk management plan. Development of advanced materials for other critical
propulsion system components, such as fan containment structure, compressor and turbine disks. and turbine
blades. was also initiated.

Early efforts in airframe materials and structures technology are focusing on long-lead needs for developing
and evaluating advanced aluminum and titanium alloys, polymer matrix composites (P#Cs), adhesives and
sealants. During FY 1994, candidate ?¥Cs will complete one-half of the lifetime testing for thermal aging
(with no mechanical loads) at anticipated flight temperatures over long periods. Weight loss measurements
at 1/3 lifetime for some of these candidate materials indicates excellent thermal stability. A long-term
durability test facility for conducting thermomechanical fatigue (TMF) tests of candidate HSCT materials was
installed at the Langley Research Center. Mechanical property tests of several developmental high-
temperature aluminum alloys also indicate potential for meeting program goals for strength, fracture
toughness, and thermal stability. |Initial design integration trade studies to evaluate wing and fuselage
materials and structural design concepts were completed, and some of the most promising concepts are being
further evaluated through detailed design. fabrication, and testing. Structural concept evaluations for use
in supersonic laminar Flow control wing structures were also initiated.

Initial flight deck systems research and technology development efforts in FY 1994 will be concentrating on
developing the technical requirements for the synthetic vision system, and evaluating advanced displays to
assure that an HSCT can safely and efficiently be integrated in the international air transportation system.
Modeling of the HSCT aerodynamics. structural modes. flight and propulsion controls. and sensors supporting
the synthetic vision system will also begin. Fixed-base simulations using generic computer generated
display formats will be a major tool in evaluating flying qualities, flight and propulsion controls,
guidance. displays, sensor fusion algorithms, decision aides, structural mode suppression and gust
alleviation systems throughout the development program.

System-level integration studies were continued as the primary means to assure that environmental goals can
be achieved in concert with economic viability objectives. A key milestone was achieved in October 1993.
with the selection of the primary and backup propulsion system configurations from the five most promising
candidates based on noise reduction capability assessments. direct operating cost mission studies, as well
as overall risk analysis. In FY 1994. a rigorous set of metrics will be developed in cooperation with
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industry to measure the integrated progress of all Phase 11 technology areas to assist in future technology
down select decisions.

BASIS OF FY 1995 ESTIMATE

The Phase II portion of the HSR program expands and builds on the technology solutions being developed in
Phase 1. In combination. they represent the complementary and necessary technologies critical to the U.S.
aeronautics industry in order to make informed decisions regarding future HSCT development and production.

In the area of atmospheric effects, a comprehensive assessment will be conducted in FY 1995 as the final
related activity of the Phase | HSR program. This assessment will be based on computational models with
improved simulations of heterogeneous chemistry and dynamics effects, including incorporation of the results
from MAESA, as well as the best possible aircraft operational scenarios projected at that time based on
continuing market studies. Development of the unique capabilities offered by unmanned air vehicles as
measurement platforms will continue to emphasize improvements in propulsion systems for operation in the
rarefied upper atmosphere, and will also include efforts directed at providing increased range. payload and
flight duration capability.

Lean, premixed, prevaporized and rich burn, quick quench, lean burn combustor flame tube and sector rig test
results will be used to refine the design of the full annular combustor rigs for FY 1997 testing directed at
validating the low NOx performance for an operational combustor. These tests will confirm the combustor®s
capability for stable and efficient operation over the full range of conditions from startup, taxi and
takeoff, through climbout, cruise, and landing. 1In a parallel effort, preliminary design will begin for
combustor experiments with a testbed engine planned for FY 1999. Continuing small scale nozzle test results
will be used to support the preliminary design of the selected nozzle concept at the end of FY 1995 for
future large scale experiments with test-bed engines over a range of operating conditions. Engine inlet
technology development will focus on the two-dimensional, bifurcated configuration to advance this concept
to the same level of maturity as the axisymmetric concept.

The enabling propulsion materials effort will continue to focus on critical combustor and nozzle materials
needs, with emphasis on supporting the major program milestone for preliminary concept selection in FY 1996.
Development of combustor and nozzle backup materials and materials for other critical components will also
continue. with increasing levels of effort. Fabrication of CMC combustor liner segments will be completed
and segment testing will be started. Design and fabrication of CMC combustor liner sectors will also be
started. Down-selection of the most promising IMC materials will be conducted and the design of critical
nozzle subcomponents will be initiated.

In FY 1995. aerodynamics technology efforts will continue with primary emphasis on completing the wind
tunnel evaluation of the industry®s baseline aircraft design at subsonic, transonic, and supersonic speeds.
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Computational analysis will be used to optimize the total wing-body configuration. including propulsion
system integration. to evolve a second generation design for FY 1996 wind tunnel testing. Also in FY 1995,
analytical and wind tunnel evaluations of low-boom, high-performance configurationswill be conducted and
the sonic boom flight research will be completed, thereby allowing an assessment of HSCT flights over the
ocean, on approach to coastal regions, and over potential unpopulated areas. In the subsonic speed regime
of takeoff. climb-to-cruise, and approach conditions. high-lift concept development will continue with
computational and experimental aerodynamic evaluations and noise reduction assessments. The most promising
high-l1ift concepts will be selected in early FY 1996 and then developed for flight testing on an F-16XL
aircraft. Active supersonic laminar flow control flight research will begin in FY 1995. with the testing of
the large suction panel on a second F-16XL aircraft.

The airframe materials and structures technology development efforts will also emphasize support of the
critical preliminary concept program milestone. In FY 1995. the most promising materials and processes will
be down-selected and real-time thermomechanical fatigue testing will be initiated by NASA and industry
participants. Preliminary design studies of innovative wing and fuselage materials and structural concepts
will be completed. and results of the continuing design integration trade studies will be used to select
wing and fuselage concepts for subcomponent design, fabrication, and testing. Design and fabrication of a
flexible wind tunnel model for aeroelastic response measurements will be completed in FY 1995 for wind
tunnel testing in FY 1996. This model is also being designed to provide accurate measurements of unsteady
aerodynamic pressures for use in aeroelastic analysis codes, and will provide future testing of active
controls concepts for load alleviation.

Flight deck systems research and technology development will complete the definition of the synthetic vision
requirements for a forward visibility system and for the next generation flight deck. Various combinations
of sensors and anomaly resolution procedures will be developed and evaluated to establish the display system
baseline. Pilot evaluation using flight simulators is an important aspect of this element. Both fixed-base
and the more sophisticated motion-base simulators will be used, ultimately transitioning to in-flight
simulators. A major portion of the FY 1995 flight deck activity is focused on the characterization of the
synthetic vision and sensor suite planned for completion in early FY 1996.

Because of the high level of interdependency among the above technologies, system-level integration studies

will continue to be conducted in order to assure that environmental goals can be achieved in concert with
economic viability.
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FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Advanced subsonic technology.....cccvviiiinnnnnn 12,425 89,300 125,800

OBJECTIVES AND STATUS

With competition from foreign competitors greatly increasing. technology is critically needed to help
preserve the U.S. aeronautics industry market share, jobs, and balance of trade. Exports in large
commercial transports make a significant contribution to the U.S. balance of trade. However. according to
industry estimates, the U.S. world-wide market share has slipped from a high of 91% during the 1960°s to 67%
in 1992. Increasing congestion in the aviation system and growing concerns about the environmental
compatibility of aircraft may limit the projected growth. According to the Federal Aviation Administration
(FAA) 1991-1992 Aviation System Capacity Plan. delays due to weather and the volume of aircraft in the Air
Traffic Control System cost U.S. operators more that $4.7 billion per year in excess fuel burn and
additional operational costs during 1990. More stringent noise curfews and engine emissions standards are
expected before the end of this century. In FY 1994. the advanced subsonic technology (AST) program was
augmented with seven new elements to develop focused technologies of high-payoff to enable a safe. highly
productive global air transportation system that includes a new generation of environmentally compatible.
economical aircraft that are superior to foreign products. The two original elements, fly-by-light/power-
by-wire and aging aircraft. are continuing to make excellent progress. The seven new elements include noise
reduction, terminal area productivity, integrated wing design, propulsion, short-haul aircraft, technology
integration, and environmental impact. In FY 1995. the composites element will be initiated.

The goal of the fly-by-lightlpower-by-wire element is to provide lightweight. highly reliable, electro-
magnetically immune control and power management systems for advanced subsonic civil transport aircraft. In
FY 1994, the experimental laboratory for validating analytical methods will be completed. This laboratory
provides a means for assessing the effects of high intensity radiated fields on digital electronics aboard
advanced aircraft. Laboratory testing of critical optical and power components is being performed. These
tests are a means of exposing components, such as electrical actuators and fiber-optic sensors and cables,
to actual flight conditions in order to understand the behavior of the components in these environments.

The aging aircraft element is developing advanced technologies that will be used by the aeronautics industry
in the U.S. to ensure the continued safe flight of its aging commercial transport fleet. Improved methods
that predict the effects of service history and the environment on aircraft durability have been developed
and transferred to the airplane manufacturers and the FAA. During FY 1994. efforts are focused on the
development and verification of an analytical methodology to predict when small fatigue cracks become so
widespread that the residual strength of the fuselage is reduced below a safe level and to establish the
requirements for the in-service inspection technology. In cooperation with several U.S. airlines. progress
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is also being maae in developing and demonstrating advanced, large-area nondestructive inspection methods to
reducs cost while maintaining the reliability of the inspection. A new thermal method developed to detect
disbonds has the capability to identify corrosion that may be present in these disbonded regions. In-
service inspection technology to detect corrosion damage is being developed. Field demonstrations of
prototype portable systems will be conducted at airline maintenance facilities and Air Force Air Logistics
Stations. Industrial partnerships will continue to be pursued with manufacturers of inspection equipment to
develop commercial equipment for use by the airline operators.

With international treaty organizations actively considering more stringent noise standards. the noise
reduction element is developing technologies to ensure that new noise standards do not impact the growth of
the air transportation system nor the U.S. aircraft industry®s competitiveness in the world market. In

Fy 1994. a key research tool in identifying promising noise reduction technologies, an integrated fan noise
model, will be developed and validated. An assessment of airframe noise will identify shortcomings in the
current empirically based prediction methods, and will help guide the computational aeroacoustics efforts to
fill these shortcomings. Methods for reducing noise levels in aircraft interiors are currently being
validated in laboratory tests to help refine their application for future flight demonstrations. Community
noise impact models will be expanded to include population density, a first step in developing techniques to
analyze the effect of aircraft sound levels in communities at specific airports.

The goal of the terminal area productivity element is to safely increase the air traffic capacity in the
terminal area during poor weather to the level that can be managed during good weather. In cooperation with
the FAA, the approach is to develop and demonstrate technology and procedures both in the aircraft and on
the ground. to safely reduce aircraft spacing in the terminal area, enhance air traffic management and
reduce controller workload, improve low-visibility landing and surface operations, and to perform systems
analyses to ensure compatible integration of these new aircraft and air traffic systems. Initiated in

Fry 1994 and leveraging NASA"s prior air traffic control efforts, the terminal area productivity element is
evaluating the potential for applying digital data communications technology between the ground air traffic
controllers and the aircraft to allow for more adaptable aircraft spacing capabilities. In order to allow
more adaptable spacing, reduced separation requirements are being investigated by evaluating wake vortex
issues and community noise constraints, as well as examining the potential for integrating enhanced aircraft
flight management and the air traffic management systems. The replacement for the transport systems
research vehicle is being acquired in Fy 1994 and installation of an existing simulator and associated
computer systems will begin in preparation for future flight tests within the National Airspace System to
validate the communications systems and enhanced air traffic management capabilities developed in this
program.

Advanced design methods and test techniques to reduce the time and cost of designing commercial transports

will be undertaken in the integrated wing design element initiated during FY 1994. Hybrid laminar flow
control technology to reduce drag on subsonic transports by inducing smooth laminar flow over the aircraft
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surface will be investigated in wind tunnel tests and in computer analysis. In addition, design, analysis
and testing methodologies are being evaluated to establish baselines for future activities in high-lift.
propulsion/airframe integration, and wing design. The design process used to combine the wing design with
engine design will be reviewed to determine how to efficiently combine these separate designs into a single
design process that retains the effectiveness of both.

NASA is developing propulsion technology in cooperation with the U.S. industry to increase the
competitiveness and market share of the U.S. propulsion industry and reduce environmental impact of future
commercial engines through reduced combustor emissions. In Fv 1994. the propulsion element has begun with
engine system studies to define optimum engine cycles and associated enabling technology needs for the large
engine manufacturers. Similar engine system studies are defining technology needs of engines for comautear-
sized aircraft. Advanced combustor concepts have been identified and are being evaluated experimentally.
Materials for high-temperature sections of the engine are being investigated. All major hardware required
for the unique high-pressureltemperature combustion research test rig has been defined.

NASA is seeking to assist in the revitalization of the U.S. short-haul aircraft industry through development
and application of new emerging technologies to improve the affordability. safety, utility and environmental
acceptability of general aviationlcommuter and civil tiltrotor aircraft. In the short-haul element during
FY 1994. the industry/government partnership to address the technology development for the general
aviationlcommuter industry was established. An economic analysis to determine the status of that industry
and the areas where technology infusion can contribute to the revitalization of the industry is being
conducted. Innovative noise reduction concepts for the civil tiltrotor are being evaluated, and a three-
and four-bladed model of the tiltrotor configuration is being tested to establish baselines and trends for
noise and aerodynamic performance.

To assist in managing the AST program, to fully understand the relative payoffs of technologies emerging
from the AST program, and to provide a foundation for planning subsonic research activities, a study to
determine the scope and provide a plan to develop a system analysis capability is the current focus of the
technology integration element in FY 1994. In addition, in-house capabilities for modeling and analyzing
aircraft. engines, air traffic control, and environment are being improved.

The environmental impact element is addressing the effect of commercial transport aircraft emissions on
atmospheric ozone and climate. During FY 1994. studies were initiated in an attempt to identify possible
indicators from existing atmospheric observations data. From these studies, plans are being developed for
performing additional measurements. Sensitivity studies utilizing computer simulations of atmospheric
processes are also being planned.
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BASIS OF FY 1995 ESTIMATE

In FY 1995, basic components of Fiber-optic controls and electrical actuation developed in the fly-by-
light/power-by-wire element will be flight tested and validated on the systems research aircraft. In
preparation for commercial transport application of these components, the results of the flight tests will
be shared with the U.S. manufacturing industry to support upcoming tests on the transport systems research
aircraft. In order to minimize the electromagnetic effects on power management and distribution system
components, a method for providing electromagnetic assessments of these components will be incorporated into
the fault-tolerant architecture design method.

The focus of the aging aircraft element during FY 1995 will be on inspection methods for detecting small
fatigue cracks extending from rivets. A portable, hand-held, battery operated electromagnetic probe
developed in this element for detecting small cracks in thin sheet aluminum, and is showing great promise to
be low cost and very reliable. will be evaluated by industry to identify further refinement requirements.
The analytical methodology to predict the residual strength of a fuselage with fatigue crack and accidental
damage will be experimentally verified for an internally pressurized fuselage subjected to loads introduced
into the fuselage by the aerodynamic loading on the aircraft tail surfaces. Damage tolerance tests will be
conducted with various simulated fatigue and accidental damage to fully exercise and validate the predictive
capability of the analytical methodology.

In FY 1995. the jet noise research will concentrate on enhanced mixing nozzles applicable to current engine
technology with by-pass ratios in the range of 3 to 6. This research is aimed at increasing the noise
margin of current airplanes with respect to current certification standards. Active and adaptive noise
control techniques will be tested on a low-power fan model. Ultimately, these active noise control
technologies will be used on future aircraft to reduce fan noise radiated from engines. Computational
aeroacoustics will be used to guide experiments to develop reduced airframe noise designs for landing gear
and other aircraft components. Acoustic imaging will be used to locate the optimal locations of active
noise control actuators to reduce the broadband noise heard inside airplanes. An integration of the costs
and benefits associated with noise reduction will include such things as the impact of relaxed noise curfews
on airplane utility.

In FY 1995, the terminal area productivity element will develop a two-dimensional, unsteady model of
aircraft laminar wake vortices in the vicinity of the ground. This model will provide a tool for airport-
airspace planners to make decisions on spacing between aircraft. The research flight system will be
installed in the replacement transport systems research vehicle to support flight tests of terminal area
productivity concepts throughout this effort. Using data such as airline operational schedules, low-
visibility weather occurrence, and costs of weather-related disruptions. a study to project potential
landing, roll-out, take-off and taxi bottlenecks and estimates of the cost versus benefit of new technical
concepts for low-visibility operations will be completed.
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In FY 1995. a hybrid laminar flow control model will be tested in the 8-foot transonic pressure tunnel and
the results used to improve and guide the development of aircraft drag reduction in the integrated wing
design element. A method of determining wing loading on wind tunnel models with a paint designed to change
color in response to changing pressure will be undertaken. This will replace a much more expensive
instrumentation system requiring the use of surface pressure sensors installed within the configuration
being tested. A method for designing the wing and engine simultaneously will be completed. Three-
dimensional aerodynamic grid generation for computational fluid dynamic analysis techniques will be
developed.

In the propulsion element in FY 1995. experimental evaluation of concepts for advanced low-emissions
combustors will continue, with the goal of completing initial screening of concepts in existing rigs.
Assembly of the unique high-pressureltemperature combustion research rig will be completed, permitting
higher pressure testing of low emission combustion concepts. Materials development and characterization
will continue for high-temperature disks and lightweight engine static structures. Efforts will be
initiated to improve turbine cooling technology, and improve turbomachinery aerodynamics in both high-
pressure compressors and turbines.

During FY 1995, the short-haul aircraft element will continue assessing emerging technologies for use in
these aircraft. A ground-based cockpit simulator used to evaluate future communications, weather and
situational awareness will be assembled with prototype hardware. The system requirements for the
integration of simplified engine control displays, and the integration of these into the cockpit display
systems will be completed on the general aviation airborne simulator. The computer operating architecture
for future general aviation control and displays will be identified. The innovative noise reduction
concepts will be refined and the active source noise control will be evaluated for the tiltrotor
configuration. Displays and pilot-to-cockpit interfaces for low noise approaches of the civil tiltrotor
will be identified.

During FY 1995, with completion of the plan for integrated aviation systems analysis capability. the
technology integration element will initiate development of the executive for this capability and develop
plans for implementing integration. operation. and maintenance procedures. To assist environmental impact
studies. computational capability will be developed for analysis of the chemical processing which occurs in
the mixing of engine exhaust with the background atmosphere. Exhaust trace chemistry for operational
engines will be measured.

In FY 1995. the composites element will be initiated. The objective is to develop and verify at full-scale
the composite structures technology, including verification of design concepts, structural materials, and
manufacturing methods, required for joining composite wings to composite fuselages while saving weight and
cost compared to conventional metal commercial transports. During FY 1995. contracts will be awarded for
the design. fabrication and test of a full scale wing/fusslage intersection component.
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FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Hypersonic technology program............cevue.. 33.118 26,000 40,000

OBJECTIVES AND JUSTIFICATION

In FY 1994 and prior. the hypersonic research and technology program utilized NASA expertise and facilities
in conjunction with university and industrial research to develop advanced, next-generation, high-risk/high-
payoff. hypersonic technologies which will provide major innovative ""leaps®" in future hypersonic vehicle
performance and help ensure continued U.S. leadership in aeronautics. The program focuses fundamental
research and technology development within the disciplines of ram/scramjet propulsion, aero/
aerothermodynamics, materials. structures, guidance and control, technology integration, and the improvement
of test techniques. Advancements in these disciplines are required to enable future airbreathing,
hypersonic launch vehicles, including single and two stage-to-orbit concepts. While the emphasis is on
airbreathing accelerating configurations. technology will also be generated for cruise and reentry vehicle
configurations. The program has completed a crossing shock experiment in the 3.5 foot hypersonic wind
tunnel on a generic inlet to validate improved computational fluid dynamics (CFD) computer codes for
turbulence models with compressibility corrections. Design and fabrication of a swept fuel injector has
been completed. |Its goal is to increase scramjet supersonic combustion efficiencies. Room temperature
testing of an advanced carbon-carbon control surface for a hypersonic vehicle has been completed: the test
article is now being subjected to temperatures approaching 2000 degrees Fahrenheit. The program is
evaluating a hypersonic nozzle code with Single Expansion Ramp Nozzle (SERN) data for incorporation in nose-
to-tail CFD codes. A high temperature fiber optic microphone instrumentation device was developed and
demonstrated in the Langley Research Center thermal acoustic fatigue test apparatus. The program renewed
its effort to develop university centers for training students and conducting research in hypersonic
aeronautics. The goal is to provide future experts in multiple hypersonic disciplines for U.S. industry,
universities, and the Government. Research grants were awarded to the University of Maryland, the
University of Texas (Arlington). and Syracuse University.

Beginning in FY 1995. an affordable hypersonic technology program will be initiated that builds on the
technical progress of the completed NASP program and the resources transferred from the base R&T program in
hypersonics. This program will focus on the development of the key enabling technologies for hypersonic
air-breathing aircraft. The hypersonic technology program will focus on validating scramjet technology
through a cost-effective ground and flight-test program. In order to conduct a Flight test experiment
within a reasonable time frame, it is anticipated that a partnership would be formed with the Air Force to
maximize available resources while minimizing overall program risk. This effort will include the
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development of supporting technologies (materials. structures, stability and control.
asro/asvothermodynamics, instrumentation, etc.). tools and methodologies and advanced vehicle concept
assessments.

, BASIS OF PY 1905 ESTIMATE

The FY 1995 hypersonic technology program will focus results from the earlier hypersonic research and
technology and NASP programs. This program will validate the highest-priority enabling technologies through
ground based and flight experiments. Ground based tests will likely include continued validation of the
concept development engine (large scale scramjet) in the Langley 8-foot high temperature tunnel with
operating speeds up to Mach 8. In areas beyond the capabilities of ground facilities, flight tests will be
used to reduce the technological risk in prediction of both hypersonic boundary-layer transition (laminar to
turbulent) and of scramjet performance. Concept design, systems operations, instrumentation and other
activities will be pursued to support hypersonic flight tests.
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CONSTRUCTION OF FACILITIES

Page
EY 1993 EY 1994 EY 1995 Number
(Thousands of dollars)
National aeronautical facilities................ 25.000 181.000 --
Aeronautics subsonic augmentation (ARC) ....... 25,000 -- --
Unitary plan 11-foot wind tunnel (ARC)....... -- 20,000 --
Modifications to composite technical
center (LeRC) tuvuiivrannrnnnsnnnnsnnnnnnnnns -- 27.000 --
Modifications to NTF for reliability (LaRC) .. -- 60,000 --
New facility study/design (HQs) ......cuooa... -- 74,000 --
Aeronautical facilities revitalization.......... 27.600 31.000 22.000
Rehab of control systems, national full-scale
aerodynamics complex (ARC) vvviinnnnnnnnrnnnns -- 2,100 --
Upgrade of outdoor aerodynamic research
facility. ... e i i it -- 3.900 --
Modernization of unitary plan wind tunnel
complexX (ARC) iiiiiiiiirnninrnnensansnsnnnnnns 8.000 25,000 22,000 CF 2-5
Modification to 14 x 22 foot subsonic
wind tunnel (LaRC) cuiivriiiiriinrnnnnennnnss 2,200 -- --
Repair and modernization of 12 foot pressure
wind tunnel (ARC) .. .iiiiiiiiiiinnnrnnsennnnss 17,400 -- T
101 = 1 52,600 212.000 22,000

OBJECTIVES AND JUSTIFICATION

This program continues an effort to upgrade the U.S. aeronautics facilities capability. The U.S. has been
increasingly challenged in world aeronautics markets for some time. Since 1984. its share of those markets
has dropped with a corresponding loss of numerous aerospace jobs. It is important that this trend be
reversed. The new Administration is encouraging implementation of a national goal to infuse the U.S.
aerospace industry with the capability to develop a new generation of civil and military aircraft which will
outperform the competing products of its international competition at comparable or lower cost. This
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program will contribute to that goal by providing the high priority facilities needed to enable development
of a significant portion of the required advanced aeronautical technology.

In FY 1994. the essential elements of the construction plan are:

1. Facility studies, definition of requirements. and design of a new or drastically modified set of U.S.
wind tunnels based on the results of the National Facility Study.

2. Modifications for Composite Technology Center. Lewis Research Center. This project will construct an
addition of approximately 45.000 square feet to the building for composite materials and chemical
analysis laboratories. The existing 45 year-old building will be modified to improve life and
environmental safety and to improve efficiency of building systems.

3. Rehabilitation of Control Systems, National Full Scale Aerodynamics Complex, Ames Research Center.
This project is required to replace obsolete and inefficient control systems in the NFAC.

4. Upgrade of Outdoor Aerodynamic Facility. Ames Research Center. This project enlarges the Outdoor
Aerodynamic Research Facility (0ARF) N-249. at Ames Research Center®s Moffett Field site to support
testing of models and aircraft sized for the 80 x 120 foot leg of the National Full-scale Aerodynamic
Complex (NFAC) .

5. Modernization of the Unitary Wind Tunnel Complex, Ames Research Center. This project provides funding
for the modernization of the Unitary Plan Wind Tunnel (UPWT) Complex to improve production,
availability. and quality of test results. Note: This funding is the second increment of funds for
this project.

BASIS OF THE FY 1995 BUDGET ESTIMATE

The UPWT is a vital national high-speed tunnel facility consisting of one transonic and two supersonic test
sections and supporting auxiliary equipment. This facility is the most heavily used wind tunnel complex in
NASA. However, the facility"s productivity is limited by the 1950"s era control systems and the increasing
frequency of equipment breakdowns due to age and heavy use. Modernization is needed now to improve
productivity, data quality. and reliability. This complex has been operated on three-shifts-per-day basis
since 1956, with minimal improvements to the facility. Tunnel downtime resulting from equipment and control
failures has caused major delays to important aircraft projects. The tunnel testing backlog exceeds two
years. The lack of modern data acquisition equipment results in over half of tunnel tests being concluded
before all needed data is acquired. Comparable foreign facilities have shown two-to-three times the
productivity achieved in the UPWT complex.
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Repair or replacement of tunnel components that have reached the end of their useful life is required.
Also. the welds in the tunnel shelf contain defects typical of 1950"s technology and must be repaired and
the pressure shell recertified.

This cost estimate provides the FY 1995 increment of funds for the UPWT. Prior funding (through FY 1994)
total $35.6 million. The total cost of this project is estimated to be $63.0 million. with the final
funding increment of $3.0 million planned for FY 1996.
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BASIS OF FY 1995 FUNDING REQUIREMENT

TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Transatmospheric research and technology........ -- 20.000 --

OBJECTIVES AND STATUS

The transatmospheric research and technology program is the NASA portion of the joint NASA/DoD National
Aero-Space Plane (NASP) program. The NASP program objective is to develop the technology required to permit
the Nation to develop reusable, single-stage-to-orbit (SSTO) vehicles with airbreathing primary propulsion
as well as horizontal takeoff and landing. The NASP national team consists of NASA. the DoD and a team of
five prime contractors (Lockheed (Fort Worth). #McDonnell Douglas, North American Aviation Division of
Rockwell. Pratt & Whitney. and Rocketdyne). NASA Research Centers will utilize their unique expertise for
specific tasks and will continue to support technology-development tests by contractors in their facilities.
The exceptionally broad technology base includes propulsion, materials and structures, controls. and
applications of computational fluid dynamics. The FY 1994 work emphasizes tests for aeropropulsion and
engine structures/materials validation.

During 1994. the national team will complete all documentation on the final design cycle of the X-30 flight-
research vehicle. Documentation will also cover results of preparations for subscale. unpiloted flight
experiments boosted to test conditions by surplus military rockets. Final documentation will be the primary
or only activity in the areas of slush-hydrogen technology, subsystems, and vehicle management systems.

The NASP team will conduct ground-based testing of the ramjst/scramjet Concept Development Engine (CDE) at
the NASA Langley Research Center at simulated flight conditions of Mach 7 and 8. Test plans also include
large-scale combustor work in the Ames 16-inch Shock Tunnel, inlet tests at Mach 3. 6. and 10, and limited
subscale. parametric tests at Mach 5 and 8 to complement the CDE work. Existing actively cooled, sngine-
type structures (typically 1 x 4-inch units) will be tested: however, fabrication will not be completed on
several 20 x 20-inch panels. Also. acoustic/thermal work is canceled on the 2 x 2-foot actively cooled
panel. The High-Heat Flux Facility at NASA Stennis Space Center will be phased down and mothballed.

Airframe work will focus on completing acoustic/thermal/mschanical tests of existing panels/structurss --

typically of titanium metal-matrix composites (TMC) -- and documentation of the results. Powered models of
the final X-30 configuration will be tested from Mach 3.5 to 18. The results of improved modeling of
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boundary-layer transition and shock-induced heating as well as related enhancements will be integrated into
computational fluid dynamics (CED) tools.

BASIS OF FY 1995 ESTIMATES

The Transatmospheric Research and Technology program concludes in FY 1994. A restructured hypersonic
technology program will begin in FY 1995. as previously discussed.
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SCIENCE. AERONAUTICS AND TECHNOLOGY

FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY

ADVANCED CONCEPTS AND TECHNOLOGY

SUMMARY OF RESOURCES REQUIREMENTS

FY 1993
Advanced space transportation.........cevvenusan 114.600
Spacecraft and remote Sensing.....cvvrnnrennrnns 140,800
FIIght programsS.....cvvvrirnrnenerararasnsnsnnans 115,000
Space commuNiCations. ... ..o i e e e 33,100
Space ProCeSSING . st rnrnrnrnrnrnrnsasasasassnsns 31,900
NASA technology transfer.........cvvivviinnnnnsn 29,500
Advanced smallsat technology.......cicvvvnvnnnnn --
Industry technology program......ceeevuvrnnnnns --
Construction of facilities
Rehabilitation of rocket engine test facility
(Lewis Research Center) ...vvvviivnrrnnnnnnnnns --
Small business innovation research and
small business technology transfer ............ (98,.825)
Total ..o e e e 464,900

EY 1994
(Thousands of dollars)

121,900
156,000
97,400
31.000
16,500
27,800
12,500
19,700

12,500

(111,511)

495,300

FY 1995

103,100
143,300
91,600
23,700
19,200
36, 800
47,900
18.900

123.900

608,400

Page

Number

SAT 5-5

SAT 5-10
SAT 5-15
SAT 5-21
SAT 5-25
SAT 5-29
SAT 5-31
SAT 5-32

SAT 5-34
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SCIENCE, AERONATUICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
BUDGET SUMMARY

ADVANCED CONCEPTS AND TECHNOLOGY

SUMMARY OF RESOURCES REQUIREMENTS

EY 1993 EY 1994
(Thousands of dollars)

Johnson Space Center........coviiviivinrnnnnnnnns 62,698 52,900
Kennedy Space Center.......ivviiivrnrnrnrnnnnnns 3,640 2.600
Marshall Space Flight Center...........covivvuunn 41,524 49.700
Stennis Space Center .....cvvvvivinrnrnrnnnnnnnas 6.325 8.800
Langley Research Center.........iiivivvennnnnnns 49,601 41.500
Lewis Research Center.......covveiviiirnnennnnns 68,918 74,500
Ames Research Center........cviiiivennnrnnnnnnss 27,687 22,900
Goddard Space Flight Center .......icvvvvrnnnrnns 22.588 17,500
Jet Propulsion Laboratory.....vvevviennrnnnnnnns 50,781 50,700
Headquarters....uviviievarnrnsnnnnrnsnnnnnnsnsnns 131.138 174,200

Total .o e e e e e 464,900 495,300

EY 1905

66,
12,
73,
13,
68,
54,
25,
33.
75.

140
077
683
004
767
590
316
370
795

658

185

608,400
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

OFFICE OF ADVANCED CONCEPTS AND TECHNOLOGY ADVANCED CONCEPTS AND TECHNOLOGY

OBJECTIVES AND JUSTIFICATION

In 1993. the Office of Commercial Programs (0CP) and the Space Technology Directorate of the Office of
Aeronautics and Space Technology (OAST) were merged to create a new organization. the Office of Advanced
Concepts and Technology (OACT). The OACT is the NASA focal point for technology innovation and transfer.
The focus of the new office is the development and application of technologies critical to the economic.
scientific, and technological competitiveness of the U.S. and the promotion of U.S. industrial preeminence
through strengthened linkages between the private sector and NASA technology efforts. Specifically. the
mission of OACT is to pioneer innovative. customer-focused space concepts and technologies, leveraged
through industrial, academic, and government alliances to ensure U.S. commercial competitiveness and
preeminence in space. Several goals for the new organization have been established:

" to be a center of systems engineering excellence performing concept definition and evaluation
studies for NASA. industry, and commercial applications:

- to be a nationally recognized customer-oriented focal point for solicitation. evaluation and
implementation of innovative technology and products for space and terrestrial applications:

- to establish new alliances and mechanisms to develop and transfer technology to create new self-
sustaining industries. improve performance, reduce costs. and demonstrate benefits and potential of
dual-use technology: and

- to develop and promote the unique attributes of space for new commercial products and services.

In FY 1994. programs previously supported through the Space Research and Technology program and the
Commercial programs were merged to form a new work breakdown structure which aligned the budget structure so
that it was consistent with the strategic and customer-focused efforts that the program supports. Also. in
FY 1994 the Advanced Space Transportation program combines space transportation technology efforts
previously distributed in several programs: Advanced Concepts and Technology [Space Transportation], Space
Systems Development [Advanced programs specifically Advanced Transportation and Solid Propulsion Integrity
Program (S?IP), Advanced Launch Technology, and Single Engine Centaur]. Each customer-focused technology
program supports a range of technology activities from near- to mid- to longer-term efforts. Each program
also involves balanced participation by NASA Field Centers, universities, and industry. including such
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innovative arrangements as the Centers for the Commercial Development of Space (CCDS). The new structure
merges both the technology and commercial elements into one OACT budget which is organized by customer
focus. These are advanced space transportation, spacecraft and remote sensing, space communications. and
space processing. In addition to these four technology programs. two other program elements have been
developed: (1) technology transfer which supports the necessary infrastructure and networks to foster the
transfer of technology from NASA laboratories to U.S. industry and (2) flight programs which supports the
development of commercial and technology experiments and carriers. In addition. two new initiatives were
initiated in FY 1994 as part of the Administration®s technology policy, the advanced small satellite
technology program and the industry technology program. With regard to the clean car initiative, NASA will
respond to the Department of Commerce-led clean car initiative with a supporting program to help develop the
next generation of environmentally sound, fuel efficient automobiles after a program plan has been
established.

The Administration is presently conducting an interagency review of the National Space Launch policy to
determine a future course of action for supporting near-, mid-, long-term space launch requirements. This
review is being conducted over the fTirst half of 1994. The NASA program plan and budget for advanced space
transportation research and technology development activities will be altered consistent with the policy
determinations of the Administration and will be submitted to the Congress in accordance with established
procedures.
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BASIS OF FY 1995 FUNDING REQUIREMENT

ADVANCED SPACE TRANSPORTATION

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Technology assessment and development........... 37,600 45,100 37,200
Advanced technology maturation..........vvveussn 35,700 51.000 56,600
In-Space transportation.........ccovvvivnrnnnenns 31,300 15,800 9,300
New launch_system (NLS) ..uvvvvivrrrrrrnnnnnnnnns 10, 000 o --
Single engine centaur . . . ... ............... - 10.000 -
LI 1> 114,600 121.900 103,100

OBJECTIVES AND STATUS

The objective of the Advanced Space Transportation program is to develop the technologies to support current
and future space transportation systems which are significantly less-costly and more reliable. operable and
robust. Emphasis will be placed on evolving high-payoff technologies critical to the attainment of this
objective. Technologies applicable to existing systems (Shuttle and the Expendable Launch Vehicles (ELV's))
are supported on a selective basis to provide an effective space transportation system until a new, more
effective system can be developed. These activities will be closely coupled with the Shuttle program
office, the ELV industrial organizations and the Department of Defense (DoD) as appropriate. The program is
comprised of technology assessment and development, advanced technology maturation. and in-space
transportation activities. The Advanced Space Transportation program combines space transportation
technology efforts previously distributed in several programs: Advanced Concepts and Technology [Space
Transportation], Space Systems Development [Advanced Programs specifically Advanced Transportation and Solid
Propulsion Integrity Program (SPIP), Advanced Launch Technology, and Single Engine Centaur].

The program develops and validates technologies for current and future space transportation systems enabling
their development at reduced cost and schedule risk. The program includes propulsion, vehicle materials and
structures, avionics. supporting systems, and operations technology activities for both launch vehicles and
in-space systems. Efforts range from near-term activities applicable to the Shuttle. existing ELYV's and
near-term vehicle development efforts, to far-term efforts to provide an understanding of the potential of
very advanced propulsion concepts which will form the basis of revolutionary, twenty-first century space
vehicles. It provides and maintains conceptual design and analysis capability (analytical and experimental)
and a base of technology to support the initial design and the development efforts. Technical areas include
analytical and experimental capabilities required to assess aerodynamic performance. vehicle structural
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weights, sensitivity to structural materials, engine performance and complex hypervelocity flow
environments. Experimental facilities supported exclusively by this element are the Langley Research Center
(LaRC) Hypersonic Facilities Complex (provides performance characteristics for design optimization and
validation of aerothermodynamic computational codes incorporating real-gas chemistry effects): and the Ames
Research Center (ARC) Arc Jet Complex (supports validation of advanced thermal protection materials).

In early FY 1994. NASA in coordination with the Departments of Defense and Transportation, completed an
Access-to-Space assessment of future space transportation options. NASA"s assessment of these options is
being considered in the Administration®s ongoing policy review of space launch. One finding of NASA"s
assessment was that there is an opportunity to make additional technology investments which could later
support development of a new space transportation system with lower-cost and better reliability. operability
and robustness. The potential of this opportunity to provide the U.S. with a competitively superior launch
system was considered to be significant. Depending on the Administration®s future policy determinations.
specific technology development plans can later be developed and pursued in close coordination with
industry. the Department of Defense, and other federal agencies.

In the propulsion area, several advanced main combustion chambers (AMCC's) will be tested in the Space
Shuttle Main Engine (SSME) technology testbed for final verification of a new fabrication method. For the
SSME application, the AMCC's are expected to cost one-sixth as much as the current main combustion chambers.
require one-third the manufacturing time. and substantially reduce the number of welds and the operating
temperature. In cooperation with McDonnell Douglas and TRW. hot Ffire tests of a potentially low fabrication
cost rocket engine concept, using a pintle injector-ablative thrust chamber design have been conducted at
the Lewis Research Center (LeRC). In an associated cooperative effort, Allied Signal foil bearing
turbopumps have been tested, using liquid hydrogen and liquid oxygen, at the Stennis Space Center (SsSC) and
the Marshall Space Flight Center (¥SFC), respectively. The hybrid motor program is developing a data base
to define critical performance and safety characteristics: this is a cooperative NASA/industry effort using
industry developed and supplied test hardware which is hot-fired in NASA facilities. Electromechanical
actuators for thrust vector control and engine valve positioning are being developed and tested in simulated
environments.

In-space transportation technology activities include advanced chemical engines, solar electric flight
systems. on-board propulsion and advanced propulsion concepts. and other space vehicle systems. On-board
propulsion has seen significant breakthroughs in an area that comprises 25 percent to 50 percent or more of
the mass of a spacecraft. In late 1993. a commercial (Telestar) satellite using NASA-developed arcjet
thrusters for station-keeping was successfully launched. The higher performance of these thrusters resulted
in a substantial reduction to spacecraft weight enabling the use of an Atlas in lieu of an Ariane 4 launch
vehicle. Because of the potential to reduce the spacecraft propulsion system weight, permitting reduced
spacecraft weights, reduced trip times and increased scientific yields for near-Earth and outer planet
missions. ion thrusters are one of the science community"s highest technology priorities. A joint effort
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with the NASA Space Science Program Office. the Air Force and industry, will conduct a flight experiment of
an i1on propulsion system which will reduce launch weights and trip times and provide for increased
scientific yield from near-Earth and outer planet science missions. Longer range efforts to evaluate very
advanced propulsion system concepts are also included, The advanced propulsion concepts program continues
to explore high-leverage. high-performance concepts for future propulsion needs: for example. the modeling
of an anti-proton-catalyzed inertial-confinement fission/fusion concept was completed and development has
begun of a portable anti-proton container which will be used by the Air Force to conduct a proof-of-concept
demonstration. Because of the possible use of unmanned vehicles to service in-space vehicles or resupply
the Space Station, an automated rendezvous and capture capability is being developed and preliminary
concepts for an in-space demonstration are being formulated.

Materials developments includes technology for more durable thermal protection system (TPS) materials and
lightweight reusable cryotank concepts using Aluminum-Lithium alloys and graphite composites. Support is
being provided to the Mars Environmental Survey (MESUR) Project Office at the Jet Propulsion Laboratory
(JPL) to accurately define forebody heating for TPS selection and afterbody heating resulting from
unexpected recirculation in the wake flow region effecting sensitive communications antenna and parachute
mechanisms. A cooperative technology activity with General Dynamics and Martin Marietta is developing low
cost fabrication processes for lighter weight aluminum-lithium cryogenic tanks and launch vehicle structure.
The goal of this LarRC-1led effort is to reduce structural weight by 20-30 percent and manufacturing cost by
30-40 percent.

To significantly reduce the cost of placing small (half-ton class and smaller) payloads into orbit, NASA is
investigating the opportunity for cost-shared developments using joint governmentlindustry teams to design.
develop, and test new concepts to replace the expendable solid rocket-based systems in use today. Reusable.
liquid-fueled booster stages and liquid-fueled upper stages are prime contenders.

The program includes systems definition and preliminary design (Phase B) studies. These provide the
necessary technical and programmatic data needed to assess evolving space transportation and systems
requirements and to evaluate new technical capabilities. Studies define flight systems options to satisfy
near-term and longer range national space transportation requirements in sufficient detail to select cost
effective pathways and guide technology. Systems include expendable, partially reusable and fully reusable
two-stage and single stage vehicles.

The SPIP. is developing a comprehensive database to improve the engineering understanding of solid rocket
motors to enhance their reliability. In FY 1994. the database and analytical tools for resolving nozzle
ply-lift phenomenon will be developed, the bondline "issues™ will be resolved, and the low-cust combustion
simulator design will be completed permitting initiation of facility modification.
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The program is supported by flight experiments, a system analysis capability. and a university based
research program. Continued emphasis will be placed on facilitating the transfer of emerging technologies
to the commercial space transportation industry and on developing cooperative agreements for application of
technology advances to non-aerospace organizations and industry.

BASIS OF FY 1995 ESTIMATE

In partnership with industry and in coordination with DoD, the program will invest in critical, high-payoff
technologies. Projects include light-weight, robust propellant tankage and primary structure and high-
performance propulsion systems with sufficient margins and health-statusing to attain the reliability.
operability and robustness goals. The tankage projects will address technolo®"gy for a reusable cryogenic
capability (materials, certification for flight, and the insulation system): the identified material options
include aluminum-lithium and graphite-composites. Reusable launch systems will also require reusable,
light-weight thermal protection systems which do not require the extensive servicing of existing systems.
Propulsion projects will address dual-fuel options (using both LH2 and radio frequency (RP) with LOX). and
advanced engine designs (an example is the linear aerospike engine). Appropriate Russian technology and
systems will be considered, with particular emphasis on their extensive experience base in high-pressure
LOX-hydrocarbon engines. Business relationships between Russian design bureaus and U.S. industry
organizations will facilitate these efforts.

Propulsion efforts focused on the reduction of Shuttle costs will continue at a reduced level focusing on
improved operations. These are cooperative efforts with the Shuttle program office. In addition, some
propulsion related efforts such as hydrogen leak detectors, improved sensors and other vehicle heath
management technologies will be completed at the engine test and launch sites.

Cooperative efforts to reduce the cost of existing commercial launch vehicles of all sizes will be expanded.
initiating industry-driven, cooperative activities resulting from the broad solicitation to industry issued
in FY 1994. NASA will continue support for the industry hybrid motor test program. The FY 1994 initiated
funded activities will be completed.

The SPIP will focus on nozzles, verification testing, and on infusing technology engineering results and
cultural changes into flight programs. The program will continue to sustain the NASA-industry nozzle team
and infrastructure across the U.S. solid motor community with steady advances in engineering data bases.
analytical tools for design, fabrication and verification. The program will also deliver the results and
findings of the bondline effort, and complete the combustion simulator facility.

System analysis and technology assessment activities. experimental and analytical capabilities required to
support future technology definition and development decisions will be continued.
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A multiyear funding plan and schedule of annual performance milestones for the development of a singl=-
engine Centaur will be developed and provided to the Congress: no funding will occur until the report is
accepted.

By the end of FY 1994. all work on chemical upper stages will be terminated. Ground test and flight system
design efforts for the i1on engine flight experiment will continue with a planned flight test of an ion
system on-board an Air Force vehicle in FY 1998. Support for efforts in the area of on-board propulsion
will continue at a reduced level, with emphasis being placed on those activities with high industry interest
and cooperation. Assessment of very advanced propulsion concepts will continue at various academic
institutions. Funding for the transportation-related University Space Engineering Research Centers at
Pennsylvania State University and the University of Cincinnati will be terminated by the end of FY 1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT

SPACECRAFT AND REMOTE SENSING

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Earth applications systems......ovviivrinnnnnsss 50,900 60,100 57, 100
Space and planetary Systems......ccvvirenninnnns 50,800 58.800 52,800
Space platforms systems......ccvviirnnrnnnnrnnss 39,100 37,100 33,400
Total ..o e e s 140,800 156,000 143,300

OBJECTIVES AND STATUS

The Spacecraft and Remote Sensing program is pioneering innovative spacecraft and remote sensing
technologies and applications to meet the needs of the civil space program and commercial users. Working
closely with the future users of the technology products, the objectives of the Spacecraft and Remote
Sensing program are to advance a broad spectrum of engineering technologies that generate new concepts. and
to validate technologies that advance the state-of-the-art in spacecraft development in support of Mission
to Planet Earth (MTPE). space science missions and space platform applications. The program focus is on
enabling an evolution toward physically smaller, lower power, less expensive, but more capable spacecraft,
which allow NASA to continue the enterprises of understanding the Earth. discovering the fundamental nature
of the universe, and initiating steps toward human exploration.

This program features work in advanced composites, integrated spacecraft design concepts, as well as the
demonstration of a companion set of micro-instruments. Light-weight space power concepts and systems
including batteries, photovoltaic arrays and light weight thermal systems are demonstrated. The program
develops detectors and measurement systems that will increase the resolution and data return from the next
generation of science spacecraft and in the longer term allow scientific measurements in new regions of the
electromagnetic spectrum. Our efforts to assist in the development of a viable commercial remote sensing
industry include prototyping of specialized packaging of space data into usable customer defined products.
Robotic technology is being advanced through flight demonstration of existing microrover technology on the
Mars Environmental Survey (MESUR) Pathfinder mission, which is being pursued jointly with the Office of
Space Science. Operations technology emphasizes the insertion of new approaches to reduce the life cycle
cost of science missions and the archiving and analysis of resulting scientific and commercial information.
Across the entire Spacecraft and Remote Sensing program there is increased emphasis on and concentration of
resources on the highest priority Agency activities, on technology dual use. and on interagency activities
to advance national competitiveness.
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The spacecraft and remote sensing program is organized into three areas which support three customer foci:
(1) Earth application systems. (2) Space and planetary systems, and (3) Space platforms systems. In the
Earth applications systems element, the principal customer is the MTPE program: but this area also includes
efforts for the commercial remote sensing industry and for non-space commercial applications. Discipline

, work areas include Earth orbiting spacecraft subsystems, such as structures and materials, power. thermal
control and vibration isolation: operations technology for infusion into future improvements in the Earth
Observing System (E0S) data information system (EOSDIS); and sensors and data processing systems that
support the achievement of Mission to Planet Earth scientific objectives. Specific work elements include
tasks on large format. long-life visible and infrared detector arrays which will be used for Earth surface
temperature and emissivity measurements, submillimeter components for extending the measurement out to the
2.5 Terahertz spectral band: and prototype micro-instrumentation for remote and in-situ science sensing
applications.

In FY 1994. a number of small commercial applications have been initiated in areas where NASA space-derived
engineering expertise and facilities will contribute to near-term commercial needs and opportunities. The
set of applications includes multiple applications of the capabilities of the Microdevices Laboratory at the
Jet Propulsion Laboratory (JrL), superplastic forming and advanced electronics with the automotive industry.
nickel electrode development with United States Automobile Battery Consortium and several advance materials
research efforts.

A number of significant technical accomplishments that are directly applicable to Earth science missions
were achieved in FY 1993. The Lidar In-Space Technology Experiment successfully completed all the preflight
subsystems and integration testing. In FY 1994, the Laser In-Space Technology Experiment flight hardware
was completed and successfully ground-validated for its Shuttle flight scheduled for September 1994. The
fabrication of a 30-degree Kelvin, two-stage Stirling Cooler was completed and characterization testing was
initiated. This cooler has been specifically developed in collaboration with MTPE. but it has multiple
applications to all infrared and x-ray instruments that require low vibration and sustained cooling in the
temperature range between 30 and 70 degrees Kelvin. The two-micron, solid-state laser analytical modeling.
development and characterization program identified a Holmium and Thulium doped Lutetium Aluminum Garnet
(Ho:Tm:LuAG) as a likely candidate for characterization. Subsequent experiments demonstrated that
Ho:Tm:LuAG has a 25 percent higher light conversion efficiency than existing solid state laser materials.

In the space and planetary applications program, the customers are the astrophysics, space physics. and
robotic solar system exploration flight programs of the Office of Space Science. The engineering emphasis
includes spacecraft technology infusion programs focused on near Earth and deep space probes, the MESUR
Pathfinder rover flight hardware development, spacecraft subsystems technology, advanced rover technology.
sensors and instrument technology. telescope optics, and operations. The purpose of the technology infusion
program is to eliminate the barrier to technology transfer into flight projects and to assure the continuous
transition of advanced technology into NASA spacecraft projects. In both the near Earth and deep space
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probes programs. the projects have identified highly focused technology enhancements that have specific
quantifiable benefits for specific missions. The technology developers have been given performance metrics
that must be achieved for their subsystem to be included on specific flight programs. In the area of
telescope technology the objective is to initiate a program demonstrating cryogenic mirrors and telescope
assemblies for future NASA, commercial and defense applications. The goals of the MESUR Pathfinder rover
program are to demonstrate that a low cost microrover can be provided to the project which is capable of
imaging the lander on the Martian surface, acquiring compositional data on rocks and soils using an alpha-
proton x-ray spectrometer, and obtaining engineering data to guide the development of future Mars microrover
systems.

The examples of significant technical accomplishments in our space and planetary activities include the
programs contribution to the modeling of the prescription for the Hubble Space Telescope optical correction
repair and the electrostrictive ceramic actuators that will be used for adjusting the Wide Field Planetary
Camera actuated fold mirror: the first demonstration of 670 GHz superconductor mixer performance which opens
up this wavelength to comprehensive astronomical study and the application of an OACT-developed antimony
impurity band conduction silicon detector to obtain unparalleled imagery of the galactic center in the 20 to
40 micron range. Fiscal Year 1993 was the year the Erebus Explorer Remote Robotic Rover system was in one
year"s time, designed, fabricated, and field tested in Antarctica including demonstration of remote
operation, autonomous navigation and walking. In the power area, Indium Phosphide photovoltaic cells were
demonstrated with a ten times improvement in radiation tolerance over state-of-the-art gallium arsenide
(GaAds) cells. In the area of structural materials, rapid fabrication (30X) of carbon-carbon spacecraft
components was demonstrated using a rapid densification fabrication innovation. The Ffirst use of the SkiCat
automated astronomical cataloging tool for use on the CalTach Mt. Palomar total sky survey also occurred
during FY 1993.

The customers for the space platforms technology program are the offices of NASA that are responsible for
Earth orbiting space stations, future large communications antennas, and planetary orbiters. All of these
applications require efficient and compact energy systems, stable structures and environmentally compatible
materials which requires understanding of space environmental effects. Many missions are dependent on
precise pointing and a quiescent environment for successful performance. Specifically, jitter reduction of
a science instrument can improve data quality (resolution) and reduce cost and improve data timeliness
through reduced data processing requirements. The objectives of the space environmental effects program are
to develop, document and disseminate information which will improve environmental and effects modeling,
reduce risk and accelerate ground based facilities and test guidelines. Space platforms also have a need
for minimizing the requirement for human extra vehicular activity (EVA) by telerobotic maintenance systems,
science payload tending and capture/manipulation OF external objects. Telerobotics provides many dual use
technology applications and the program hopes to see emerging industry in a number of areas such as micro-
surgery. construction, agriculture, and entertainment applications. Space platforms also present some of
the most significant operations challenges. The platform operations programs goal is to infuse technology
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into station operations to improve efficiency. reduce costs and risks by developing automated monitoring and
diagnosis. provide tools for developing automated diagnosis systems and automation of power system
management expert systems.

Technical accomplishments relevant to the platform include completing the assessment of the Long Duration
Exposure Facility flight results and initiation of a space environmental effects design handbook.
demonstration and transfer to NASA of the Flight Telerobotic Servicer Arm: and development of the linear
Fresnel solar concentrator concept which simplifies photovoltaic array design and has a projected cost
reduction of one third. The Hazardous materials handling robot (HAZROT) development was completed and the
robot was turned over to the JPL fire department for training and user evaluation.

Each of the three major program application areas also has specific systems analysis studies underway to
refine the definition of critical technologies for future high priority missions. In most cases, these
studies are performed in cooperation and co-funded by the user offices. Finally. support for four centers
for the commercial development of space which are working on related technologies will continue. These
centers are the Center for Mapping (Ohio State), Space Remote Sensing Center (Stennis Space Center), Center
for Space Power and Advanced Electronics (Auburn University). and the Center for Space Power (Texas A&M) .
Their respective efforts are focused on the following technologies -- high resolution map technology, remote
sensing for natural resource management, advanced electronic systems and components, and space power
generation. conversion and transmission.

BASIS OF FY 1995 ESTIMATE

In FY 1995, the Spacecraft and Remote Sensing program will continue to emphasize technologies that support
the NASA"s objectives of an evolution to smaller, less expensive, more capable spacecraft that will be able
to launch on a more frequent basis with less budget risk per flight. Increased program emphasis will be on
dual use technology and on participation in supporting interagency activities to advance national
competitiveness. Program funding requirements will be minimized by consolidating Research and Technology
(R&T) activities at every opportunity concentrating discipline technology responsibility at the fewest
possible NASA Centers. Programs being supported include solar dynamic technology supporting the joint NASA
Russian Space Station activity and use of aerospace technologies for the national clean car initiative
currently under review.

Some of the specific spacecraft subsystems tasks that will be pursued in FY 1995 include deployable/
inflatable designs for antennas and solar arrays to reduce launch volume by 50 percent, documenting the
reductions of fabrication time and cost for carbon-carbon spacecraft structures by using a rapid
densification process, and multiband gap planar photovoltaic arrays that are projected to have efficiencies
greater than 25 percent and ten-year space performance degradations of less than two percent. In
operations. the FY 1995 program will develop and infuse into EOSDIS advanced concepts for automated user
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friendly data archiving. image data registration and data visualization and analysis. The sensors and
instruments program will emphasize demonstration of efficient long-life, high pulse-energy/power lasers for
wind and atmospheric chemical composition measurements.

A major focus will be to stimulate commercial remote sensing markets by providing flight testbed
opportunities as well as user specific, multi-spectral sensor development and customized software data
analysis systems. This area has a very high commercial potential and only a small part of the market has
been exploited. By the end of FY 1995. we anticipate the completion of four Space Act projects which will
include comparable industrial co-funding. thereby assuring commitment to utilization of technology.

The results of the technology infusion effort should be seen as the advanced technologies for a possible
Pluto fast fly-by mission will complete breadboard testing and final technology selection. The second
generation of technology infusion candidates will be chosen. Spacecraft technology has become central to
the Agency®s goal of small, lower cost spacecraft that can be flown with increased frequency. The
spacecraft technology program will develop and demonstrate improved space durable polymers for films and
composite matrices, the baseline interferometer testbed will become operational, and a 100 milliampere hour
Lithium polymer battery will be demonstrated. The rover technology program will demonstrate a range of
cheaper, better planetary rovers systems for science instrument placement and planetary surface exploration.
By the end of FY 1995. a 100 meter micro-rover traverse will have been demonstrated and a representative
science payload servicing demonstration will be achieved. sSubscale silicon carbide panels for cryogenic
infrared primary mirrors will be fabricated and characterized. A number of operations technology
demonstrations should demonstrate ways of greatly reducing mission operations costs. These include
operational use by the deep space network at JPL of automated link monitoring and control systems, wide
distribution of an artificial intelligence-based astronomical plate analysis system, and demonstration of
remote operational control of Extreme Ultraviolet Explorer (EUVE) spacecraft and science experiments from
the University of California at Berkeley. In FY 1995 the completion of the MESUR Pathfinder Rover flight
unit will also be seen.

The space platforms program will be demonstrating several systems on the control structures ground testbed
such as a TRW active mount system and a two kilowatt solar dynamic system. The space environmental effects
program will complete the First generation of environmental interaction design tools and participate in the
flight opportunity. In FY 1995 the free flying demonstration of a remote operations robot in the KC-135
aircraft and an initial integration of an on-orbit manipulation testbed for Space Shuttle based servicing
should be seen. Prototype console software should be delivered to the Johnson Space Center (JSC) for
testing. The test of the power expert system demonstration should also be completed.
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BASIS OF FY 1995 FUNDING REQUIREMENT
FLIGHT PROGRAMS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Program definition.....coviiriiriiranranrenrnnns 6,100 400 200
Flight experimentS.......cvviirairanranrnnrnnnns 29,000 30,200 30,600
Space station utilization.......ceecviiiinrnnnns 100 -- 15,000
Experiment carriers and transporters............ 74,200 60,700 43,400
COMmercial Experiment Transporter (COMET) ...... (22.800) (14,500) (--)
Commercial Middeck Augmentation Module (CMAM) . (51.400) (45,000) (41,100)

Experiment preparation, integration.
and mission management ....cvvveivrennrnnannnans 5.600 6.100 _2.400
Total .. .. i e e 115.000 97.400 21.600

OBJECTIVES AND STATUS

The overall goals of the flight programs are to validate advanced technologies and manufacturing techniques:
to investigate space environmental effects: and to provide access to space for industry. universities. and
government. These goals will be accomplished through the following specific objectives: to develop flight
experiments to enhance U. S. industry competitiveness and satisfy space research and technology program
requirements: to obtain launch vehicles and carriers for these flight experiments: to provide for technology
transfer to users: to stimulate participation and investment of industry in commercial development of space:
to maintain a high degree of student/university involvement in flight experiments: and to reduce cost and
schedule risks for future space missions. Five elements are supported by flight programs: program
definition: flight experiments: Space Station utilization: experiment carriers and transporters: and
experiment preparation. integration and mission management. A description of the objectives and status of
the elements of the Flight programs follows.

Program definition provides for analysis and studies for future space carriers, such as Space Station, and
for program definition. such as defining program policy for small flight experiment implementation and
strategic and tactical planning. This element currently involves two field centers. The Langley Research
Center (LaRC) serves as the primary interface for the Office of Advanced Concepts and Technelogy (OACT)
technology experiments with the Space Station organizations ensuring that the Space Station can accommodate
the broad range of technology experiment requirements. The Jet Propulsion Laboratory (JPL) provides support
such as defining new initiatives, program policy for small flight experiments implementation, and strategic
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and tactical planning. In FY 1995, the Space Station support wi become part of the Space Station
utilization program.

The flight experiments budget provides for the development of small experiments to advance space technology
concepts which have been developed within NASA. industry. and university facilities and which require flight
evaluation and validation in the relevant space environment to reduce the risk of incorporating these
concepts into advanced space systems. A major component of this program is the In-Space Technology
Experiments Program (IN-STEP) which was initiated in 1986. 1In FY 1993. 352 proposals were received from
U.S. industries, universities, and government agencies in response to the 1992 IN-STEP Announcement of
Opportunity which solicited proposals for the validation or verification of advanced space technologies in
the microgravity and space environment. OFf the 352 proposals, 27 proposals were received from university
students for a special streamlined two-year, $200K experiment designed to provide First hand space flight
experience to promising graduate students. Over 50 percent of the proposals received involved

col laborations with other organizations. 1In Fy 1994. 51 of the proposed experiments were selected and will
begin a nine-month Phase A feasibility study. These selected experiments represented 109 participants from
U.S. industries, universities, and government organizations located in nineteen states.

In FY 1993. experiments from previous IN-STEP solicitations were flown with successful results. These
results will aid in the design of future space systems utilizing supercooled fluid storage: will lead to
improvements in current heat pipe computer modeling techniques and predictive capabilities: and will aid
thermal system engineers in designing future spacecraft. The results from the heat pipe experiment have
already reduced the amount of ground testing required for current spacecraft heat pipes. Other
accomplishments include the second flight of the Orbital Acceleration Research Experiment (OARE) as part of
the Orbiter Experiments (OEX) program. The data collected over the years by the twelve OEX experiments have
been an important source for designing and developing performance improvements in the present orbiter
program and have supplied data for validating models for the design of future space transportation vehicles.
The OARE measures linear accelerations (to an accuracy of 107 %) and is the most sensitive three-dimensional
accelerometer of its kind ever flown on the Shuttle. Validated over three separate missions, the technology
will be transferred to the Office of Life and Microgravity Sciences and Applications for their use with
future microgravity payloads. In FY 1994. nine flight experiments are manifested for Shuttle launch. The
last OACT flight of OARE was in October 1993. Six small experiments on a common Hitchhiker carrier in the
Shuttle bay and a middeck reflight will be launched on STS-62 scheduled for March 1994. These experiments
will support the measurement of the spacecraft glow phenomena, the collection of data on the freeze-thaw
behavior of molten salts (which are needed for the design of thermal energy storage systems): the
investigations of advanced thermal control technology: the measurement of solar cell arcing under high
voltage conditions: an advanced space radiation measurement device: and measurement of nonlinear structures
dynamics to better understand effects of microgravity. Results of these experiments will serve to aid in
the design of Space Station and other future advanced spacecraft. Also, the Lidar In-Space Technology
Experiment (LITE) is scheduled to be launched in September 1994 and is aimed at verifying the technology
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readiness of using a Lidar (solid state laser) in space for measuring critical atmospheric parameters such
as cloud top heights and aerosols.

The objective of the Space Station utilization program is to plan for, select, approve. design, develop. and
integrate OACT flight experiments and facilities to be placed on Space Station. These flight experiments
and facilities will be selected on the basis of the highest priority technology and commercial benefits that
can be derived from the unique Space Station environment. i.e. long duration, low gravity, and radiation
coupled with human interaction. This program will also serve to strengthen the established aerospace
industry, nurture emerging space industries. and promote aerospace engineering education. Plans are
underway to release an Announcement of Opportunity in the second half of FY 1994 to solicit small
experiments for Space Station and award approximately twenty Phase A feasibility studies in FY 1995.

The experiment carriers and transporters budget obtains launch vehicles and carriers for OACT flight
experiments and stimulates participation and investment of industry in the commercial development of space.
The major component of this program is the Commercial Middeck Augmentation Module (CMaM) contract. The CMAM
contract with SPACEHAB. Inc. involves the lease of flight accommodations and associated supporting services.
In FY 1993. the First SPACEHAB flight under the CMAM contract carried 22 experiments. twenty of which were
sponsored by OACT. The second flight of SPACEHAB is scheduled for early 1994 with thirteen experiments,
twelve of which are sponsored by OACT. This second flight of SPACEHAB and the experiments contained within
it, highlights a continuing cooperative effort between government and industry in using the benefits of
microgravity to foster economic growth as well as improve life here on Earth. The CMAM contract is
proceeding successfully this year after a restructuring under the new funding profile as a result of FY 1994
Congressional appropriations action.

Another major component of the experiment carriers and transporters program is the COMmercial Experiment
Transporter (COMET) which is planned for its first mission in March 1994. The COMET program®s goal is to be
the nation®s first commercial provider of reliable, cost-effective space transportation and recovery
services to industry, government, and academic research institutions. However, due to substantial cost
growth for the planned three mission program, NASA will conduct an in-depth review of the COMET program in
early 1994 and provide findings and recommendations to Congress regarding plans to proceed with mission one.
No funds are being requested in FY 1995 for additional COMET missions. In addition. the experiment carriers
and transporters program includes a series of testbed transportation systems to optimize access to
microgravity. such as KC-135 aircraft flights. These systems provide short-duration microgravity flight
opportunities at a low cost for investigators to evaluate concepts and flight hardware before committing to
higher cost space flight opportunities. The experiment carriers and transporters program also includes the
launch voucher program. The voucher program supports commercial launch and payload integration development
efforts by the private sector and provides a more flexible manner of government acquisition of commercial
launch and payload support than the traditional procurement practices.
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The experiment preparation, integration. and mission management budget provides services for the OACT flight
experiments. Several of the payloads require optional services such as late access for biotechnology
in’vestigationsthat are not included in the standard processing template. This element funds these services
as required. During FY 1993. overall manifesting support was provided for 35 CCDS payloads and 32 payloads
are planned for FY 1994. During FY 1993. optional services were provided for six payloads and will be
provided for five payloads in FY 1994. Also, during FY 1993 and much of FY 1994, the CCDS payload
developers were provided with technical information to accelerate the development of independent mission
capabilities, and also to obtain Program Office-level manifesting and flight documentation support. In
addition, experiment integration activities are provided which includes thermal design, safety, mission
operations, design, fabrication and qualification of unique hardware required for the integration onto
carriers such as Hitchhiker and Spartan. In FY 1994, the Goddard Space Flight Center (GSFC) performed all
the integration activities for six IN-STEP flight experiments on a common Hitchhiker carrier scheduled for
launch on STS-62 in March 1994.

BASIS OF FY 1995 ESTIMATE

The major focus of the program definition element will be in defining new initiatives, program policy for
small flight experiments implementation, and strategic and tactical planning. In the flight experiments
element, eleven of the experiments in Phase C/D are scheduled to be launched of which four will be on a
common Hitchhiker carrier in the Shuttle bay. These four experiments will support the measurement of
damping to improve understanding of mechanical joints and large space structures: demonstration of an
integrated two-phase thermal control system (TCS) to provide reliable, efficient TCS for high power
spacecraft: and, development of fluid resupply to allow maximum use of tank volume in future spacecraft
designs. The other seven experiments will determine specie accretion, velocity direction, and chemistry of
spacecraft contamination to improve contamination modeling techniques and prediction codes: characterize the
space radiation environment: validate operation of an active cryogenic thermal control system: investigate
the control structures interaction of an actively controlled, flexible. articulating, multibody platform:
validate performance of static-feed water electrolysis for future long-term life support in space: evaluate
heat pipe performance: and measure dynamics of liquids in spinning tanks. In addition. the experiments
selected from the 1992 IN-STEP Announcement of Opportunity will be entering into Phase B Project Definition
of the experiment implementation process after a competitive down-select process in late FY 1994. The
feasibility study phase for these advanced technologies was initiated in FY 1994 and only those flight
experiments providing the greatest technological value will be continued through to flight evaluation and
demonstration in the microgravity environment.

The Space Station utilization program will support approximately twenty proposals for Phase A feasibility

study and a competitive down-select process of which eight to ten of these studies will be selected and will
begin a Phase B Project Definition activity. In addition, several experiments which have been developed and
are (or will be) flying on Shuttle as precursors to Space Station experiments will be refurbished to fly on
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Space Station. Examples of potential Space Station experiments are zeolite crystal growth. commercial
crystal growth from solution. physiological systems experiments. bioregeneration of water. sintered and
alloyed materials. and solar dynamic power units. These precursor Shuttle flights have established the
feasibility and Space Station could enable the development of production prototypes. The results of these
experiments are expected to lead into viable commercial products such as better pharmaceuticals. contact
lenses, semiconductor materials, etc. In addition. unique Space Station facilities will be required by some
of these experiments and plans include the development of required facilities such as a multipurpose glove
box and/or an exterior attachment facility to investigate space environmental effects. In addition. as part
of this element. a program has been defined to jointly develop with the Russian Federation a technology
experiment to facilitate the eventual use of solar dynamic power for the international Space Station.

This program is envisioned as being conducted in two phases, with the First phase being flight demonstration
of a subscale unit and the second phase being production and delivery of two 10 kW units for Space Station.
The flight demonstration of the subscale unit is planned for 1997 on either the U.S. Shuttle or the Russian
Mir-1. Space Station flight units would be planned for delivery in 2001. The Russian Federation would
provide the deployable concentrator/radiator and deployment controls and the module orientation system and
controls. The U.S. would provide overall system and module integration and controls, heat receiver and
power conversion and controls, integrating structures. and launch and on-orbit vehicle integration.

The experiment carriers and transporters program includes the third flight of the CMAM scheduled for launch
on STS-63 in January 1995. This effort includes use of the commercially-developed CMAM flight modules and
trainers, physical and analytical integration services, training of flight crews, and support to experiment
flight operations. The OACT has developed an experiment candidate list which reflects 100 percent NASA
utilization on this flight. The fourth CMAM flight is scheduled for October 1995 which also includes 100
percent NASA usage. The CMAM will support fifteen payload tests in FY 1994 and 1995.

As part of this element, to optimize access to microgravity environment, a series of testbed transportation
systems, such as KC-135 aircraft flights are planned. These aircraft flights provide additional short-
duration microgravity flight opportunities at low-cost for investigators to evaluate concepts and flight
hardware before committing to a space flight. In addition, the launch voucher program demonstration will
consist of six launches planned to be completed by the end of FY 1995. of which one will be sponsored by
OACT in the fourth quarter of 1995,

The experiment preparation, integration, and mission management program supports preparation, integration.
and mission management services for the OACT flight experiments. Many of the commercial biotechnology
experiments require late access and other optional services that are not included in the standard processing
template and are covered by this program. The IN-STEP experiment integration activities include thermal
design, safety. mission operations, design. fabrication and qualification of unique hardware required for
the integration onto carriers such as Hitchhiker and Spartan.
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Mission management support will be provided for four Commercial Development of Space payloads and the
preparation and integration activities will be provided for the OAST Flyer mission and the OAST-3 mission.
The OAST Flyer mission. manifested for mid-1995. will make use of the Spartan carrier which will be deployed
from the shuttle bay for approximately 40 hours as a free flyer. This Spartan will carry three experiments
of which one is funded by OACT. The OAST-3 mission, manifested for late 1995. will carry four flight
experiments mounted on a common Hitchhiker. These experiments will benefit future spacecraft designs.
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BASIS OF FY 1995 FUNDING REQUIREMENT

SPACE COMMUNICATIONS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Near earth communication systems................ 22,000 20,500 16,400
Deep space communication SystemsS......ouveurnnss 1,900 2,000 3,200
Space terrestrial hybrid systems.........vevuuun 1.100 1,000 900
Applications experimentS.......cviivivrnnnnrnnnss 8,100 7,500 3,200
(ACTS Experiments and Operations) .......ceeeuuuns (7.900) 7.400) (3.000)
Total oo i e e 33,100 31.000 23.700

OBJECTIVES AND STATUS

The Space Communications program reflects NASA®"s role as maintaining a significant research and development
(r&D) effort in space communications to preserve U.S. leadership in technology and in the application of the
technology for the benefit of the Nation. The communications program seeks to work with the U.S. space
communications industry to understand their needs and address those needs systematically in a strategic way.
The implementation of this program based on the Office of Advanced Concepts and Technology (OACT) strategic
plan will help retain U.S. leadership in the space communications industry and strengthen the industry®s
competitive position in the global marketplace.

The Space Communications program is comprised of four major program elements. Near Earth communications
research explores radio frequency (RF), digital, and mobil communications systems technologies in support of
the commercial space communications industry and the needs of NASA"s Mission to Planet Earth. The deep
space communications element develops technologies primarily to meet the needs of special NASA missions
which are not supported by near Earth communications, including planetary exploration and astrophysics.
Space terrestrial hybrid systems investigates the space communications portion of hybrid satellite/
terrestrial systems such as will be utilized by the National Information Infrastructure. The applications
experiments program element supports the Advanced Communications Technology Satellite (ACTS) experiments
program, which includes operation of the ACTS spacecraft and its associated ground network and experiment
development. This element also supports technology demonstrations of new space communications systems and
services.

The near Earth communications systems element analyzes the space communications needs of both the commercial
and government sector and manages a technology development program to meet those needs. The technology
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areas of interest are high rate and capacity RF systems, optical systems, digital communications systems.
mobile satellite communications systems and search and rescue communications systems. NASA will also
continue its work in the study and mitigation of propagation effects at various frequencies. The program
includes participation in national and international bodies that develop standards and allocate
orbit/spectrum, The program provides for experts to support NASA and other government agencies such as the
National Telecommunications and Information Administration and the Federal Communications Commission. It
also provides technical support to regulatory agencies by developing modeling techniques and strategies for
optimal utilization of spectrum and orbit resources. In F7 1993, the development of the first ACTS mobile
terminal (AMT) was completed and completion of the development and testing of the second AMT is planned in
FY 1994. These terminals are being used extensively in the ACTS experiments program. Additionally. FY 1994
plans include using the mobile terminal hardware, in conjunction with a Monolithic Microwave Integrated
Circuits (MMIC) phase array antenna (to be completed in FY 1994) in the demonstration of the first ACTS
aeronautics experiment.

The deep space communications systems element includes analysis of the needs for deep space communications
by the scientific research community. This community conducts planetary science, space exploration and
astrophysics-related missions. The rigors of science requirements and unique mission needs result in
technology requirements that cannot be met by commercial communications technology. These requirements are
the focus of deep space communications research by the OACT communications program. In FY 1994. the first
very high power laser for deep space optical communications is being demonstrated in the laboratory. This
will open up new possibilities for more efficient system design for optical communications for deep space
applications.

The space terrestrial hybrid systems element is directed toward the incorporation of satellite communication
links into the National Information Infrastructure, which will result in significant interaction between
terrestrial fiber and wireless communications systems and space communication systems. For maximum
effectiveness. the National network should establish communication paths for individual interconnections
using whatever combination of communication links will be most efficient, with the actual choice of the
links being transparent to the user, even though the transmission characteristics of the links may be quite
different. This element analyses the interaction of these components in the overall system, identifying and
developing structures and technologies that support hybrid operation. In parallel with this effort is the
development of standards and protocols that allow efficient and seamless transport of information between
terrestrial and satellite systems.

The applications experiments near-term central focus is the ACTS spacecraft which was launched in September
1993. ACTS will operate from the fall of 1993 to the fall of 1995. with the possibility of continued
operations for two more years. Experimenters from industry. academia, and government will demonstrate the
operation of several new communications technologies and the application of these technologies to create new
classes of communications service. A total of 78 experiments have been approved so far. The ACTS program
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will help the U.S. maintain its leadership in the communications satellite market by the development and
flight verification of advanced technologies that will enhance the capability of communications satellites.
The key ACTS technologies include high effective isotropic radiated power: fast-hopping multiple antenna
beam: on-board message switching: Ka-band components: and dynamic rain fade compensation techniques. The
U.S. user community, consisting of private sector organizations and other government agencies, will develop
and execute experiments that will test and evaluate the ACTS technologies under various applications
scenarios. Fiscal Year 1994 is the first year of the ACTS experiments program and, emphasizes applications
experiments in the areas of education. medicine, business networks and mobile communications using the AMT
terminals.

Opportunities for new service and technology demonstrations will also be sought out for joint NASA/industry
experiments using satellites of opportunity operating at other RF bands. Such experiments can provide
program partners with an opportunity for early verification of their communications systems as well as early
service demonstration to the public.

Based on the realization that government support is needed to ensure the survival of a U.S. laser
communication (lasercomm) capability, major corporations have formed a consortium to conduct a lasercomm
readiness demonstration in the 1997 timeframe. The demonstration includes a low-Earth orbiting spacecraft,
an aircraft and a ground terminal, with a goal of 1 GBPS data transfer. It will demonstrate the viability
of high data rate transceivers. as well as the acquisition, pointing and tracking needed to achieve
connectivity between dynamic terminals. These application-oriented tasks will require significant
resources. It is anticipated that they will be carried out using both NASA and non-NASA funding, with
significant contributions from industry. A Phase A feasibility study will be initiated in FY 1994 in laser
communications in preparation for a potential future flight experiment.

BASIS OF FY 1995 ESTIMATE

The near Earth communications program will support system analysis and application studies, and applied
research and advanced development in the areas of high rate RF and digital communications, mobile and
personal satellite systems, and search and rescue. The high rate capability radio frequency area will
perform research on phased array antenna technology and on high performance electron beam technology for
advanced satellite systems. The high rate digital technology area will emphasize research on modulation,
coding, and switching up to one gigabit per second. The first aeronautical Ka-Band mobile communication
terminal will be demonstrated in joint experiments with ACTS. Two mobile aeronautical terminals operating
at Ka-Band frequencies are being built for FY 1995 demonstration of video signal transmission to/from
aircraft cabin to/from the ground via ACTS. Propagation and spectrum utilization studies will support the
development of technical justification for standards and regulatory decisions at the national and
international level. The program will support research and technology development leading to new or
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additional applications or capabilities in search and rescue in support of the National Oceanic and
Atmospheric Administration®s operational program.

The deep space communications activities will include analysis of communications requirements for NASA
missions which cannot be satisfied with commercially available equipment. with special emphasis on small
spacecraft. The operation of an optical wavelength communication system suitable for deep space
communications will be demonstrated.

The space terrestrial hybrid systems effort will be directed toward developing systems to analyze and manage
the operation of hybrid systems, largely in collaborative efforts between the University of Maryland CCDS
and TRW. Hughes. and Loral. It is expected that the market survey and the initial system design for the
Hughes spaceway system will be completed. Work will also continue with the committees and working groups
which are developing new communications system standards and protocols to ensure that they will accommodate
satellite links.

The applications experiments centerpiece is the ACTS satellite and ACTS experiments. In FY 1995. the second
year of ACTS experiments. some of the most advanced satellite communications systems will be demonstrated.
The most important demonstration is the high data rate (HDR) communications system that will demonstrate
communication at the same rate as fiber optics links and shows that satellites can complement and work
together with Fiber optic systems. This will be very important because it will demonstrate that satellites
can play a unique role in the National Information Infrastructure. Communication via ACTS at 600 MBPS and
above will be demonstrated during EY 1995. Additionally, connecting the NASA supercomputerswill be
demonstrated as one of the HDR experiments. Another area of great importance will be the broad-band
aeronautical experiment, which will demonstrate a video signal transmission between the aircraft cabin and
the ground via ACTS.

In FY 1995. funding has been reduced in the Near Earth Communications Systems and Applications Experiments
(ACTS) program. This reduction will reduce NASA Research Announcement"s to support industry in technology
development in the areas of radio frequency and digtal systems. The reduction in the Applications
Experiments (ACTS) program reflects the completion of the development of the High Data Rate (HDR) and
T1-VSAT terminals that will be used for ACTS experiments.
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BASIS OF FY 1995 FUNDING REQUIREMENT

SPACE PROCESSING

FY 1993 FY 1994 FY 1995

(Thousands of dollars)
Materials proCesSSINg...ovvevrennranrrnnsnnrnnnss 17.400 10.400 11,600
Biotechnology ..o vviiiieiiiirirnnennrnrnsnnnnns 14,500 6.100 7.600
Total ..o i e i e 31,900 16.500 19.200

OBJECTIVES AND STATUS

The objective of Space Processing is to support U. S. private sector investment and involvement in
commercially-driven space-based research and terrestrial application in materials processing and
biotechnology. This objective is accomplished through experiments which use the unique environment of
space - microgravity, the vacuum of space, thermal range, etc.

The intent of materials processing commercial application discipline is to aid in developing the next
generation super and semiconductors, special coatings and composites, polymers, alloys and new catalytic
materials.

Experiment payloads within the materials processing discipline address both space-based and terrestrial
initiatives. Some space-based experiments are conducted to develop materials capable of withstanding the
environment of low-Earth orbit and to monitor changes in atomic oxygen. The Wake Shield Facility (W3F)
free-flyer will be used to manufacture in the ultra vacuum of space improved semiconductors for next
generation electronics. The improved sintering project will develop stronger, lighter and more durable
bearings and cutting tools for high stress environments. The iInvestment casting activity will use the
thermal range achieved in microgravity to develop modeling parameters for improved metal and alloy casting
procedures and equipment, having the potential for significant cost savings in a multi-billion dollar
industry. Electro-deposition research will focus on the development of higher quality industrial metals and
alloys along with prosthetic implant improvements.

Highlights include efforts by a Center for the Commercial Development of Space (CCDS). the Consortium for
Materials Development in Space (CMDS). to develop a technique to coat titanium or alloys with
hydroxyapatite, which is identical in composition to the material making up teeth and bones. This has
significant potential for the medical community in application of this technology for improved prosthetic
devices. The CMDS and an aerospace firm are negotiating licensing agreements which have space technology
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application but would also be used in the medical community. as noted above. In a separate achievement,
another CCDS. the Space Vacuum Expitacy Center (SVEC) applied for a patent in 1993 for a next generation
solar cell for power generation modules which are cheaper per watt than existing generators.

The materials processing CCDS base grants funding provides the institutional support for two commercial
research centers: the Consortium for Materials Development in Space and the Space Vacuum Expitaxy Center.

The special studies and analyses budget provides for special analyses of emergent market trends for
technical projects developed within the Space Processing Division, as well as database analysis and support.

The intent of the biotechnology commercial applications discipline is to aid the pharmaceutical and
biomedical communities in developing new products, services and markets, including next generation drugs for
treating disease.

Flight hardware supported by this program element, such as the Plant Module for Autonomous Space Support
(PMASS), Bio-processing Laboratory (BPL) and Materials Dispersion Apparatus (MDA), continue to greatly
expand experiment activities in space under controlled environments. Through the attributes of the
microgravity environment, prior experiments in crystal growth techniques and drug structure analyses will be
used towards development of new drug combinations, based on the clarity and size of crystals first developed
in space.

Highlights of recent achievements include development by a CCDS spin-off firm (BioCryst) of novel drugs
(five patents generated) for treating cancer and autoimmune disease. In addition, the Center for
Macromolecular Crystallography in collaboration with a leading private research institute is leading efforts
in the development of new lymphokines (proteins which regulate the immune system and are used to treat viral
diseases). Another highlight is the partnership between the Center for BioServe Space Technologies
(BioServe) and Chiron. a Bioserve affiliate holding the patent for the only Food and Drug Administration
(FDA) approved drug currently available to treat kidney cancer. BioServe and Chiron will fly this drug in
1994 to test its ability to alleviate the immune suppression which occurs in.space. This flight activity
has significant terrestrial application in maintaining an active immune system to benefit patients.

The biotechnology CCDS base grant funding element provides institutional support for three commercial
research centers in biotechnology: Center for Macromolecular Crystallography. at the University of
Alabama/Birmingham; Wisconsin Center for Space Automation and Robotics of Wisconsin: and the Center for
Bioserve Space Technologies.
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BASIS OF FY 1995 ESTIMATE

The major goal of the Space Processing program for FY 1995 is to prioritize key commercial space initiatives
and increase the emphasis on focused program objectives in materials processing and biotechnology on those
technologies having the most potential for near-. mid- and long-term technical and commercial application
success.

Close collaboration will take place with the materials and biotechnology researchers to foster commercial as
well as government use for the experiment carriers developed under the auspices of the Space Processing
Division (BPL. MDA. PMASS. the Wake Shield itself, etc.). We will continue to foster the progress made in
the biotechnology community transitioning drug research to patent protection and eventually approved
manufacture of new drugs. We will also explore cooperative agreements where applicable. in order to
maintain program flexibility at a time of greatly constrained resources.

As a result of FY 1994 phase-out of several CCDS, the breadth of commercial materials processing activities
will be reduced and prioritized.

It is anticipated that there will be commercial validation of advanced casting technologies during FY 1995
(Auburn CCDS) as a result of commercial research associated with low cost, high quality thin wall castings
of alloys: this casting technology will utilize automated manufacturing processes. There will also be
commercial processing techniques for epitaxial thin Ffilm growth developed as a key milestone in commercial
transition of thin film growth in microgravity (SVEC CCDS). Licensing arrangements will be developed
between the CMDS and the private sector for hydroxyapatite coating/electrodeposition coating processes.

Materials processing CCDS base grants funding will continue to provide institutional support for two
commercial research centers: the Consortium for Materials Development in Space and the Space Vacuum
Expitaxy Center.

Under materials processing special studies and analyses, special analyses will be done of emerging market
trends for technical projects developed within the Space Processing Division, as well as database analysis
and support.

As a result of FY 1994 phase-out of several CCDS. the breadth of commercial biotechnology activities will be
reduced and prioritized.

In respect to biotechnology commercial applications. FY 1995 will see continued commercialization of drugs
whose structural design was greatly enhanced through the biotechnology microgravity of space.
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It is anticipated that a CCDS spin-off firm (BioCryst) in collaboration with the Center for Macromolecular
Crystallography will continue towards commercial drug development of specific drugs developed through prior
flight research activities and licensing agreements with major pharmaceutical firms.

, In collaboration with a major pharmaceutical firm, there will be clinical tests in 1995 of Gamma interferon
protein crystals grown from prior space flight activities. There will be commercial development, in
partnership between a CCDS and a major pharmaceutical firm, of malic enzyme inhibitors.

Biotechnology CCDS base grants funding will continue to provide institutional support for three commercial
research centers in biotechnology: Center for Macromolecular Crystallography, Wisconsin Center for Space
Automation and Robotics of Wisconsin: and the Center for Bioserve Space Technologies.
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BASIS OF FY 1995 FUNDING REQUIREMENT

NASA TECHNOLOGY TRANSFER

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Technology dissemination.....cvvveivrrnnrnnnrnns 5,700 6.100 8.800
National Nnetwork.......oveiriniirnnnnrnnnnrnnnns 9,700 9,900 8.600
Regional technology transfer centers (RTTC) ... (6,800) (7,000) (7.000)
Commercial applicationsS......ovvevvrnnrnnnnnnns 7,600 6,200 7.400
CIVII SystemS....iiiiiiiirirnrnernrnsnsnnsnsanns 6.500 5,600 12,000
T = (2,100) (2,200) (2,200)
National technology transfer center (NTCC) .... (4,400) 13.400) (9,800)
Total ... e 29.500 27.800 36.800

OBJECTIVES AND STATUS

The NASA Technology Transfer program is designed to transfer and apply aerospace technology resulting from
NASA"s research and development (R&D) efforts to the private sector in order to enhance the productivity and
competitiveness of U.S. companies in the international marketplace. To accomplish this objective. NASA
operates a number of technology transfer mechanisms designed to provide private companies and other
government agencies with timely access to useful NASA derived technologies with commercial potential. In
the past, aerospace technologies have been beneficial in improving medical treatments and procedures,
rehabilitation, transportation, and safety. The specific goals of this program are:

- to accelerate and facilitate the effective application of new NASA technology into the commercial
sector:

- to encourage multiple secondary uses of NASA technology in industry, education and government,
and/or develop dual use technologies in partnership with private industry which will address the
technological needs of both NASA and industry; and

- to develop applications of NASA"s aerospace technology, including its unique facilities, to address
priority non-aerospace needs of the private and public sectors.
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BASIS OF FY 1995 ESTIMATE

Funding for the Field Center technology transfer offices will be enhanced to provide for increased outreach
capability to conduct economic development activities: increased capability to negotiate cooperative
agreements with commercial firms: and increased ability to conduct in-house new technology evaluations and
manage the task of maintaining and reporting NASA technology information in an efficient manner.

Preparation of Tech Briefs magazine layouts and related materials will continue. The Center for Aerospace
Information will also continue to provide support by responding to general or specific inquires from public
and private sources for information concerning NASA technological developments and other technology transfer
program products and services.

The Regional Technology Transfer Centers (RTTC) will continue to provide enhanced linkages between the NASA
and other Federal agency technology transfer offices and commercial Ffirms or state and local economic
development agencies. The Office of Advanced Concepts and Technology (OACT) will also provide funding for
other critical elements of the technology transfer program, such as the Technology Commercialization Centers
established in FY 1993 at the Johnson Space Center and Ames Research Center. and new initiatives in
commercialization of NASA technology.

A small core of technology application projects conducted in partnership with commercial firms or other
government agencies will continue to be funded. Only those projects considered to have a high probability
for commercial success (as determined through a market analysis) and with commercial or other agency
support, either through cost sharing or provision of ""in kind services™". will be funded. The Joint
Sponsored Research program will continue to accelerate the development of dual-use NASA mission technology
that is also of value to the commercial sector.

The AdaNET software repository and pilot project to determine the feasibility of using reusable software
components to satisfy complex software development needs will continue as planned. The National Technology
Transfer Center (NTTC) will continue to facilitate the transfer of Federal technology (both NASA and other
agencies) through operation of a national gateway/clearinghouse that links ""technology inquirers™® with
Federal laboratories: development of teaming arrangements between Federal laboratories and industry as well
as state and local governments: and development of technology transfer training programs for Federal
managers. In addition, the NTTC will begin to develop plans to improve NASA technology transfer performance
and supporting processes through development of additional training programs, investigation into new and
innovative methods for industry to access NASA new technology information, and examination of additional
outreach/extension possibilities.
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BASIS OF FY 1995 FUNDING REQUIREMENT

ADVANCED SMALLSAT TECHNOLOGY

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Advanced smallsat technology.....vvvviiiinnnnnnn -- 12.500 47,900
OBJECTIVES AND STATUS

This FY 1994 new initiative has as its principal objective to revolutionize the way NASA does business in
designing. building, launching. and operating small spacecraft for scientific missions and commercial
activities in space. A solicitation for proposals in February 1994 will precipitate the formation of
Integrated Product Development (IPD) Teams to bid two technology demonstration satellites to be conceived,
designed, built, qualified. and launched in two and three years, respectively. The IPD Teams will have
unprecedented responsibility for the utilization of commercial practices and standards and the establishment
of metrics for measuring success. The degree of success or failure will be determined during the one-year
or more operational phase on-orbit.

Contracts for at least two IPD Teams will be established in approximately May 1994 after an abbreviated
selection process. NASA Headquarters representativeswill be IPD Team members to facilitate fast, winimum-
paper, decision-making at the Team site. Elaborate government reviews with large numbers of government
bureaucrats will NOT be allowed. Reviews with essential government managers and executives will be held at
IPD Team locations. An important product of this activity, in addition to the actual technologies that are
demonstrated, is documentation of this radical IPD process. The process and lessons learned will have far-
reaching implications for future NASA missions and commercialization of space.

BASIS OF FY 1995 ESTIMATE

Fiscal Year 1995 is a crucial funding year for the program. Approximately 50 percent of the total program
funding is required to meet the ambitious schedule of contract-to-launch in 24- and 36-months, respectively.
for the two missions. Major hardware commitments for the spacecraft buses. payloads, and launch vehicles
will be made. Missions operations and control will be defined; integration of the subsystems into the
overall spacecraft bus design will occur; data system will be defined for the information and power
management system; low mass instrumentationswill be incorporated into the instruments and sensors payloads:
and non-aerospace commercial applications will be initiated.
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BASIS OF FY 1995 FUNDING REQUIREMENT

INDUSTRY TECHNOLOGY PROGRAM

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Industry technology program.......... e -- 19,700 18,900
OBJECTIVES AND STATUS

The objective of the Industry Technology program is to significantly advance aerospace technologies in U.S.
industry which have a high probability of leading to commercial products and applications, or to non-
aerospace industry applications, and which may be important in NASA applications. To accomplish this
objective, the program will: (1) develop pre-competitive technologies and novel applications, supporting
high-risk and high-payoff research and development (R&D); (2) Ffocus on aerospace concepts and technologies
with strong potential for commercial benefits (where appropriate, these may include government or non-
aerospace commercial applications): (3) work with industry in all aspects of the program - including program
formulation and planning, industry-led project planning and execution, and providing government technology
to support projects as requested: and (4) create industry-led consortia to implement projects where such
teams can enhance technology development and increase the probability of commercial application -
potentially including organizations that are not part of the traditional Federal contracting base as well as
potential roles for universities and other organizations.

The Industry Technology program, which will be an important component in NASA®s overall support to the
Administration®s technology policy, is being initiated in FY 1994. The FY 1994 program will create a number
of individual technology development and application projects. Projects will focus on R& in pre-
competitive aerospace technologies and novel applications, supporting high-risk and high-payoff
opportunities that demonstrate strong potential for commercial benefits. They may exhibit a mix of
technology development and transfer activities, but will emphasize applications, while still achieving
significant technical advancements. During EY 1994, the Industry Technology program will likely create ten
to fifteen or more cooperative agreements.

BASIS OF FY 1995 ESTIMATE

The FY 1995 Industry Technology program will create a number of additional technology development and
application projects. As in FY 1994. projects will focus on R& in pre-competitive aerospace technologies
and novel applications, supporting high-risk and high-payoff opportunities which demonstrate strong
potential for commercial benefits. In addition, the FY 1995 program is planned to create an additional ten
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BASIS OF FY 1995 FUNDING REQUIREMENT

SMALL BUSINESS INNOVATION RESEARCH

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Small business innovation research (SBIR)

Phase | awards.......covviiiiirniinnnnnnrnnnnnns (29,478) (17.197) 28,000
Phase II awardS........vveeieeinrennrenneennnnns (69,347) (90,717) 90.000
SBIR Subtotal.........ovviiiiiiiiiiinnannnnns (98,825) (107,914) 118,000
Small business technology transfer pilot program (STTR)
Phase I awards.....v.veverirnrrnrnsnernrnsnnsnns - (3.597) 1,400
Phase II awards.......coviiiiinrnrnrnrnrnsennnss - . 4.500
STTR Subtotal........covviiiiiiii i ianrnnns — (3.597) 5,900
SBIR/STTR Total ...vvviiiiiiiiiiiiiinenanns (98,825) (111.511) 123,900

OBJECTIVES AND STATUS

The NASA Small Business Innovation Research (SBIR) program is designed to obtain quality research and
development from small businesses throughout the U.S. that satisfy not only the mission needs of NASA for
innovative technology, but also those of the commercial sector. The primary goal is thus twofold: to meet
NASA"s need for innovative technology and to fully commercialize this technology through the small business
community. The Small Business Technology Transfer Pilot (STTR) program, established in FY 1994 by Congress.
P.L. 102-564, as an adjunct to the SBIR program, is a three year pilot program intended to increase
cooperative, broad research efforts in critical technology areas with small businesses and research
institutions with a goal of eventual commercial application of the technologies.

BASIS OF FY 1995 ESTIMATE

The FY 1995 level of funding will support a wide variety of research efforts at small companies throughout
the U.S. It is expected that approximately 380 Phase | contracts will be awarded and approximately 180
Phase II contracts. The Phase | awards are intended to determine the technical and commercial feasibility
of the proposals. The Phase II awards further develop those Phase | proposals which have demonstrated
scientific and technical worth and commercial potential during Phase I development. Additional efforts will
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be undertaken to increase the commercialization of SBIR derived technology, to improve the solicitation
process to encourage submission of increasingly innovative proposals, and to outreach to more women-owned
and socially and economically disadvantaged small businesses.

In FY 1995. the STTR initiated in FY 1994 will continue and Phase II awards will be initiated for those
Phase 1 contracts initiated in FY 1994 which demonstrated the highest scientific, technical and commercial
value at the conclusion of the Phase | process. In addition to the new Phase II STTR awards, additional

STTR Phase | proposals will be funded to investigate new proposals for research by the small business
community.
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SCIENCE, AERONAUTICS AND TECHNOLOGY

FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE SCIENCE

SUMMARY OF RESOURCES REQUIREMENTS

FY 1993

Small .. i e et 25,272
MedmUM . s 61,451
Intermediate .. .coviir it i et ianannnns 41,100
0= T 0 5.278
Upper stages.......... T 47.700
Expandablé launch vehicles (ELV) upgrades....... --
11 7= 180,801
Kennedy Space Center ........vvviivenrnnrnnennens 12,700
Marshall Space Flight Center.............couuns. 46,957
Lewis Research Center........cvvviirnnirnnnnnnns 46,178
Goddard Space Flight Center.......ccciviiinnnnn. 71.934
Jet Propulsion Laboratory ........ccovvviiinnnnnn 200
HeadquartersS........oveiiieiinnenennnnnennnnnns _2.832
1 X 7= 1 180,801

FY 1994

(Thousands of dollars)

16,800
93,500
63,200
86.400
43,600
10,000

313.500

e ——

12,000
43,600
148,000
92,400

17.500

313.500

e —

LAUNCH SERVICES

FY 1995

31,400
116,200
70,200
91,300
31.800

340,900

12,400
31.400
156,400
114,200

26.500

340,900

—————
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OBJECTIVES AND STATUS

The Launch Services program provides a mixed fleet capability which, in conjunction with the Space Shuttle.
satisfies NASA payload requirements. Payloads are assigned for launch on Expendable Launch Vehicles (ELVs)
consistent with Shuttle use criteria established in NASA"s FY 1991 Authorization Act and the Launch Services
Purchase Act of 1990.

With the exception of launch services provided for the Cassini mission and some launches procured for the
National Oceanic and Atmospheric Administration (NOAA) under a reimbursable agreement, all ELV launch
services are competitively procured from the private sector to launch civil government payloads in three
performance classes:

(@) Small class -- payloads up to 1,000 lIbs. in low Earth orbit
(b) Medium class -- payloads up to 11,000 Ibs. in low Earth orbit
(¢) Intermediate class -- payloads up to 20.000 Ibs. in low Earth orbit

The Small Expendable Launch Vehicle (SELV) program is managed by the Goddard Space Flight Center (GSFC). In
September 1991, a contract with Orbital Sciences Corporation (0SC) was awarded to provide a minimum of seven
(7) Small Expendable Launch Vehicle (SELV) services using the Pegasus vehicle. The first two of these
vehicles are currently being prepared for launch of the Total 0Ozone Mapping Spectrometer (TOMS) mission 1in
May 1994 and the Fast Auroral Snapshot Explorer (FAST) mission in August 1994 from the Western Test Range
(wTR) launch complex at Vandenburg Air Force Base (VAFB). Preparations are also underway for the
Submillimeter Wave Astronomy Satellite (SWAS) mission launch in June 1995.

The Medium Expendable Launch Vehicle (MELY) program is also managed by the GSFC. In November 1990, a
contract with HcDonnell-Douglas (MDAC) was signed to provide a minimum of three launch services using the
Delta II vehicle. Preparations are currently underway for launches of the Global Geospace Science (GGS3)
missions, Wind and Polar, in April and June 1994. However, these launch dates are under review due to
spacecraft development delays. [Initial procurements are also planned for FY 1994 in support of the Advanced
Composition Explorer (ACE) launch in August 1997 as well as the Near-Earth Asteroid Rendezvous (NEAR) and
Mars Environmental Survey (MESUR) Pathfinder launches in February and December 1996, respectively. Although
no funding was requested in the FY 1994 budget, funding is also required in FY 1994 to initiate procurement
of a Delta 11 launch vehicle in support of a Mars Orbiter launch in October 1996. Identification of FY 1994
funds required to support this mission are currently under review.

The Intermediate Expendable Launch Vehicles (IBLVs) program is managed by the Lewis Research Center (LeRC).
In September 1993, a competitive request for proposals was released to provide launch services for future
missions. Contractor proposals were received in December, and final selection is anticipated in the next
few months. Potential missions include the Geostationary Operational Environmental Satellite (GOES) series.
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the Earth Observing System (E0S) AM/PM series, the advanced Tracking and Data Relay (TDRS) series, and
potentially some international cooperative missions. Funds are provided in FY 1994 for the first of these
new vehicles -- the EOS AM-1 vehicle scheduled for launch in June 1998. Payload testing and integration
activities are also currently underway to support the Solar and Heliospheric Observatory (SOKO) mission
launch in July 1995.

The Large class ELV (LELY) program is managed by the Lewis Research Center (LeRC). This program supports a
single launch vehicle -- the Titan 1V/Centaur which is being provided for the October 1997 launch of Cassini
by the U.S. Air Force (USAF). Large performance class missions with payloads over 30.000 lbs. to Low Earth
orbit (LEO) must be acquired through the Department of Defense (DoD) since no commercially provided launch
services are currently available for this performance class. Mission integration activities for these
missions will be performed via a separate contract with Martin Marietta, and initiation of this contract
will begin in FY 1994. |Initial design and procurement activities for the core vehicle are also underway
under the USAF contract.

The Upper Stages program provides propulsion for NASA payloads launched aboard the Space Shuttle which
require a higher energy orbit. The USAF is currently providing an Inertial Upper Stage (IUS) to support the
TDRS-G mission scheduled for launch in July 1995. A commercial upper stage will also be procured for the
Advanced X-ray Astrophysics Facility (AXAF-1) mission launch in September 1998. A competitive request for
proposals for the AXAF-1 upper stage was released in November 1993. and final contract award is scheduled
for May 1994.

The ELV Upgrades program is designed to infuse mature technologies into the U.S. commercial ELV fleet,
reduce cost. increase reliability. and increase ELV industry competitiveness. This initiative has been

col laboratively designed with domestic ELV industry contractors and the Commercial Space Transportation
Advisory Committee (COMSTAC), which has identified a series of candidate projects for the current domestic
ELV fleet. |Included in the FY 1994 budget is $10.0 million to support the initiation of selected technology
improvements which can be applied through existing launch services contracts. Due to funding constraints.
no funding is provided in FY 1995 and beyond. Plans for use of FY 1994 funding are therefore on hold
pending resolution of outstanding budget issues. The "Agency will provide additional information on the
application of these funds in a subsequent operating plan.

BASIS OF FY 1995 ESTIMATE

The FY 1995 SELV funding supports the launch of the Satellite de Applicaciones Cientificas-B (SAC-B)/High
Energy Transient Experiment (HETE) and the Submillimeter Wave Astronomy Satellite (3WAS) launches in March
and June 1995, respectively. Initial funding is also included for the next Small Explorer (SMEX-4)
tentatively planned for launch in 1997. The FY 1995 MELV funding supports the Radarsat cooperative mission
with Canada in December 1994 and the X-ray Timing Explorer (XTE) launch in August 1995. Initial funding is
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also included for the NEAR mission in February 1996. the MESUR Pathfinder mission in December 1996. and the
Advanced Composition Explorer (ACE) mission in August 1997. Funding is also provided for the new Mars
Orbiter mission. which requires a Delta-class launch in October 1996.

The FY 1995 IELV funds support final preparations and launch of the S0H0 mission in July 1995. Funding is
also included for procurement of launch services for the EOS AM-1 scheduled for launch in June 1998. The
LELV funding supports ongoing fabrication of the Titan 1Y/Centaur launch vehicle for the Cassini mission,
scheduled for an October 1997 launch. The Upper Stage budget supports the TDRS-G launch on an IUS from the
Space Shuttle in July 1995. Initial funding is also included for the acquisition of a commercially provided
upper stage for the AXAF-1 scheduled for launch in September 1998.
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE COMMUNICATIONS MISSION COMMUNICATION SERVICES

SUMMARY OF RESOURCES REQUIREMENTS
Page

FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)

Ground NEEWOIK. . vuu e vueerunnsrnnnrnnnnernnnsnnns 306,601 311,300 273.400 SAT 7-4

Mission control and data systems.........cvvvuns 156,914 205,600 175,800 SAT 7-10

Space network customer ServiCe..........c.ccuunn. 27,900 30,000 32,000 SAT 7-15

Advanced technology.......ieviiircnranranrnnenns 23,273 24,600 -- SAT 7-17

Construction of facilities......ciiiiiiirnnrenns 31,800 17.600 o SAT 7-18
10 = 1 546,488 589,100 481,200

Lewis Research Center.......covvvrevnrrnnnrnnnnns -- 930 1.500
Ames Research Center........covvviiiinannrnannss 18,463 14,300 18,300
Goddard Space Flight Center..........cccauuunn.. 276.612 324,816 260,800
Jet Propulsion Laboratory.........cccevvvvnennn. 221,035 220,006 179.300
Headquarters (including foreign contracts)...... 30.378 29,048 _21.300

101 o= 1 546,488 589,100 481,200
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES

OFFICE OF SPACE COMMUNICATIONS MISSION COMMUNICATION SERVICES

OBJECTIVES AND JUSTIFICATION

The Mission Communication Services (MCS) program provides tracking, telemetry, command and data acquisition
for NASA space science. Earth science, and aeronautics systems, and supports Space Transportation System
(s1s) launch and landing operations through the use of common ground network systems primarily dedicated to
science applications. Support is also provided to international flight programs and for the needs of other
domestic users. Development of new system capabilities, ongoing maintenance and refurbishment of existing
facilities and equipments. and mission and space flight operations planning activities are also funded under
this program.

Beginning in FY 1995. funding for these activities is requested under the NASA appropriation for Science.
Aeronautics and Technology, so as to link these activities more directly with the Agency programs which
constitute the principal users of these facilities and programs. As with other NASA programs, discrete,
program-direct Construction of Facilities projects are now included in this account. The FY 1993 and

FY 1994 values reflect the restatement of accounts consistent with this change.

These capabilities are provided to meet the requirements of NASA"s near-Earth orbiting astronomy, Earth
science, and space plasma physics space flight missions: NASA"s planetary exploration missions: other
science programs conducted using NASA"s scientific research aircraft. sounding rockets and balloons: and
test flight programs conducted in support of NASA®"s aeronautical research and development program. These
facilities are also used to provide tracking for the STS during its launch and landing sequences. These
funds support the establishment, advancement, and conduct of NASA"s ability to determine the position and
trajectory of vehicles during space flight and operation: to acquire real-time health and safety data for
spacecraft and launch vehicle systems during flight: to uplink spacecraft and instrument commands from
ground facilities to orbiting or deep space traveling spacecraft: and to download the scientific data
obtained by on-board instruments and sensor systems.

Additional capabilities funded under this program provide for the planning and implementation of future
missions: for the acquisition and processing of launch vehicle data obtained during launch sequences: for
the operation of Payload Operations Control Centers (pPOCC) at the Goddard Space Flight Center (GSFC) which
provide real-time management, planning and operation of spacecraft flight systems and their scientific
observations: and for the planning and implementation of orbital and maneuverable trajectories needed to
sustain the health and safety of robotic spacecraft systems or to conduct scientific data-gathering.
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Similar capabilities provided for planetary exploration missions are funded by NASA under other program
elements outside of the MCS program. Access by NASA users and by all external users to the Space Network
via the Network Control Center (NCC) located at GSFC is also funded under this program.

Finally, funding is provided for NASA management of its access to specific communications frequencies in
order to conduct space-based and ground-based radio transmissions. Members of the Office of Space
Communications participate in national and international exchanges of information and as representatives to
governing boards and other bodies in sponsorship of NASA"s interests and of the interests of other users of
NASA"s communications facilities and systems.
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BASIS OF FY 1995 FUNDING REQUIREMENT

GROUND NETWORK

Fy 1993 FY 1994 FY 1995
(Thousands of dollars)

Deep space network systems

implementation .......coiiiiiiiinrennranenansss 78,175 97.500 86.800
Deep space network operationS........cceeuuunnns 115,496 102.900 106.100
Spaceflight tracking and data network

systems implementation........covviiiinnnnnnns 5,526 3.400 1.900
Spaceflight tracking and data network

(0] 07=] = 1 of o] 1 62,396 56.400 32,200
Aeronautics, balloons, and sounding

rockets systems implementation................ 21,386 26.300 20,000
Aeronautics. balloons, and sounding

rockets operationS .....ovvcivrenrennrcnrnnnsns 23,622 24,800 26.400

Total ... i i i i e 306,601 311,300 273.400

OBJECTIVES AND STATUS

NASA"s Ground Network program provides direct support to the missions flown under NASA"s Earth orbiting.
planetary. aeronautics test, and suborbital programs. In addition, launch and landing range support is
provided to the Space Transportation System (STS) from several of NASA"s ground network facilities. The
Ground Network program funding provides the operation and maintenance of the worldwide tracking facilities.
Implementation funds are used for the design. development, and implementation of ground network hardware and
software subsystems to better service NASA flight missions.

Due to fiscal constraints upon the entire NASA program in FY 1995. the Ground Network program is planning to
implement lower-cost methods of providing operational services to NASA"s flight programs and projects,
including greater use of advanced technologies, reduction of overhead costs. and reduction of the scope and
guality of services. Specific actions include elimination of some planned 34-meter Beam Wave Guide
Electronics systems and reduction of orbital support provided by the Merritt Island and Bermuda tracking
facilities. Completion of the Nimbus-7 and Magellan missions will provide relief from some support
requirements, as well, as will savings accruing from loss of the Mars Observer spacecraft. NASA"s Dakar
station is scheduled to be closed In the spring of 1994 and the UHF astronaut voice communications
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capability will be relocated to a nearby Senegal Earth station. Other specific actions await clarification
upon the receipt of responses from NASA"s contractor, engineering, and science communities.

The Deep Space Network (DSN), operated by the Jet Propulsion Laboratory (JPL), Pasadena. California.
provides telecommunications for NASA"s planetary and solar system exploration missions as well as for Earth
orbiting missions. which can not be accessed by the Tracking and Data Relay Satellite System (TDRSS). The
DSN receives spacecraft telemetry and download of scientific data and transmits command. control and
navigation signals to a variety of spacecraft from distances relatively near the Earth to those as great as
8 billion Kilometers from the Earth. Three DSN antenna and communications support complexes are maintained
at Goldstone, California: Canberra, Australia: and Madrid, Spain. The central network control center is
located at the JPL in Pasadena. California.

The systems required to perform tracking and data acquisition of spacecraft at the limits of the solar
system are highly specialized and include large aperture antennas which can receive extremely weak radio
signals. These antennas use ultra-sensitive receivers and powerful transmitters. Extremely stable time
standards are also required for precise navigation of distant spacecraft. Advanced data handling systems
are required at both the Network Operations Control Center (NOCC) located at the JPL and the Deep Space
Communications Complexes located in California, Spain, and Australia. Funds contained in the DSN Systems
Implementation program are used to support initiatives to enhance communication with spacecraft at these
ever greater distances from the Earth. Other enhancements are required to provide enhanced precision of
navigation needed for highly accurate and stable spacecraft pointing, science data acquisition targeting.
and probe delivery. These capabilities are fundamental to some of NASA"s future deep space missions, such
as Cassini.

The DSN Operations program provides for ongoing operation of the three DSN antenna sites and of the JPL
NOCC. Missions currently supported are the deep space Ulysses, Voyager 1 and 2. Pioneer 10 and 11 missions:
the Magellan and Galileo planetary missions: the Small Explorer Mission Solar Anomalous. and Magnetospheric
Particle Explorer (SAMPEX): and the international Astro-D. Roentgen Satellite (ROSAT). and Geotail missions.
Magellan was recently lowered in orbit via aerobraking maneuvers to perform gravity field studies. Its
operation is scheduled to end in FY 1994.

New requirements for DSN services include a 1994 launch and operation of the Infrared Space Observatory
(180), the Total Ozone Mapping Spectrometer Earth Probe (TOMS EP), the Fast Auroral Snapshot Explorer
(FAST). and the Polar and Wind spacecraft of the Global Geospace Science (GGS) program. The DSN will also
be used to collaborate with the Ballistic Missile Defense Organization in two space flight missions that are
testing lightweight instruments and sensors. Clementine. to be launched in January 1994. is to explore the
moon®"s polar regions before it travels on to an August Fflyby of the asteroid Geographos. The Space
Technology Research Vehicle (STRvY) is scheduled for launch in February 1994 for a year long Earth orbiting
mission. 1995 launch and operation of the Submillimeter Wave Astronomy Satellite (sWAS). and the
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international Solar Observatory for Heliospheric Observation will add to these requirements. Finally.
ongoing support for ground-based radar and radio astronomy observations will be provided by the DSN. The
network®"s ultra-sensitive antennas are being used in an attempt to learn more about pulsar high energy
sources. quasars. and other interstellar and intergalactic phenomena. Solar system radar is useful in
understanding surface characteristics of planets, asteroids, comets. moons, near-Earth asteroids. and ring

systems.

The function of the Spaceflight Tracking and Data Network (STDN) is to provide pre-launch, launch, and
landing communications required by the STS. The STDN consists of three ground stations located at Bermuda:
Merritt Island. Florida: and Dakar, Senegal. The Bermunda and Merritt Island stations are capable of
tracking spacecraft, transmitting commands for spacecraft and experiment control, receiving engineering and
scientific data from the spacecraft and providing primary and backup voice communications for STS operations
and range safety functions for the Eastern Range in coordination with the Wallops Flight Facility (WFF),

The Dakar station. which also provided telemetry and voice communication in both S-band and UHF frequencies.
has begun to be closed. The S-band voice communication was ended in December 1993. and the NASA facility
will be vacated this spring. The UHF voice communication will continue to be provided from a Senegalese
government communication facility until December 1995. when all support from Senegal will be terminated.
Termination is feasible at that time because of the completion of redundant Space Network ground terminal
capability at the White Sands, New Mexico complex. Combined with the DSN. the STDN ground communications
stations also provide emergency access to Earth-orbiting scientific spacecraft if they become unable to
communicate through the TDRSS Space Network. Efforts are underway to reduce operations and maintenance
costs through replacement of obsolete equipment.

The two elements of the Aeronautics. Balloons, and Sounding Rocket (AB&SR) program. Systems Implementation
and Operations. provide funding for a wide range of NASA activities, including aeronautical research flight
testing: launch vehicle tracking and communication: and support to the aircraft, balloon, and sounding
rocket elements of NASA"s suborbital research and technology demonstration programs. Tracking and
communications support to a limited number of scientific spacecraft is also provided. In addition, tracking
and communications support for landings of the STS is provided by this program. Funds are provided to the
Ames Research Center (ARC) and to the Goddard Space Flight Center (GSFC) for these purposes.

Primary facilities of the AB&SR program are located at the WFF and the pryden Flight Research Facility
(DFRF). The Western Aeronautical Test Range (WATR) is composed of the DFRF as well as ranges at Moffett
Field and Crows Landing. The principal function of the WATR is to provide tracking and communication
support for aeronautical research flight testing. The DFRF has the additional responsibility of providing
tracking and communications for STS landings along with the DSN facilities at Goldstone. The WATR maintains
an aggressive schedule of aeronautics research operations. During FY 1993. WATR operations included 1.553
missions conducted at the three facilities, which are managed by the ARC. The trend continues upward in
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FY 1994 with approximately 2,000 aeronautical missions planned. Programs tracked from these ranges included
high"performance aircraft. advanced technology research aircraft, and complex control systems and -powered
lift technologies. The WFF. which is managed by the GSFC. also manages a wide range of other NASA
facilities. The facility at Wallops Island, Virginia, is used for tracking orbiting scientific spacecraft
and for conducting sounding rocket and small meteorological balloon launches. The Wallops Orbital Tracking
Station (WOTsS) also provides round-the-clock space tracking operations for various spacecraft missions and
for the STS. The WFF also manages the operation of several off-site ranges located at the White Sands
Missile Range. New Mexico: the Poker Flat Research Range, Fairbanks, Alaska: the National Scientific Balloon
Facility, Palestine. Texas. and at Ft. Sumner, New Mexico. Finally. tracking and data acquisition is
provided for mobile campaigns of balloon and sounding rocket launches which are conducted at various
locations throughout the world.

During FY 1993, WFF operations included sixty-four aeronautics missions, twenty sounding rocket flights. and
thirty-four balloon flights. Ninety, forty-eight, and twenty-five flights are planned for each of these
activities, respectively. in FY 1994. Aeronautics flight programs in the areas of automatic landing
operations using Global Positioning Satellite inputs: aircraft performance using vortex flap technology: the
Shuttle Microwave Scanning Beam landing system checkout: WFF Range Surveillance: and Langley lifting body
launch abort studies were supported.

The 4R&3rR Systems Implementation program is directed at assuring reliable service to NASA"s research
programs. Aeronautical. balloon and sounding rocket research requires specially instrumented ranges as well
as mobile stations. These funds are also being used to establish new ground stations facilities in Earth"s
polar regions for upcoming missions related to NASA®s Mission to Planet Earth program. A facility at
McMurdo Sound, Antarctica is being developed in cooperation with the National Science Foundation (NSF) to
meet the requirements of the joint U.S.-Canada Radarsat mission. This mission will also be supported by the
Alaska Synthetic Aperture Radar (SAR) Facility. Fairbanks, Alaska, which is being developed concurrently as
the principal U.S. ground station for the international Advanced Earth Observing Satellite (ADEOS) mission.

The AB&SR Operations program supports the operation and maintenance of ground-based tracking instrumentation
systems, both fixed and mobile, under the management of the ARC and the GSFC. Tracking, radar, telemetry,
data acquisition. data processing, data display. communications, and special purpose optical equipment are
located at these disperse facilities.

In FY 1993 and FY 1994. the WOTS will provide tracking operations for the STS. the International Ultraviolet
Explorer (IUE), the Interplanetary Monitoring Platform (IMP-8). Meteosat. NOAA-10, TOMS Meteor-3, the ROSAT.
and the SAMPEX. Support to the Fast Auroral Snapshot Explorer (FAST) and TOMS Earth Probe missions is also

planned to begin upon their launch in 1994.
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BASIS OF FY 1995 ESTIMATE

FY 1995 funding for DSN Systems Implementation is intended to support reliability and maintainability
initiatives at the DSN sites, to assure the success of the Galileo Low Gain Antenna mission, and to complete
a new DSN 1l-meter antenna subnest 1IN support of the Russian Radioastron and the Japanese VSOP programs. The
FY 1995 budget also provides for multimission improvements needed to accommodate a variety of missions that
will be operating in the mid-to-late 1990"s including Cassini, the joint U.S.-Canadian Radarsat. the joint
U.3,-Japanasa ADEOS mission, elements of the International Solar Terrestrial Physics (ISTP) program, the
Advanced Composition Explorer (ACE). and the Near Earth Asteroid Rendezvous (NEAR) and Mars Environmental
Survey (MESUR) missions. Finally, the Army will transfer two 34-meter Antenna Research System (ARS)
antennas to the Goldstone facility in rFy 1994. One of these antennas will be modified to support NASA
spacecraft communications in FY 1995. Transfer of these antennas will preclude the necessity for future
purchases of new antennas which had been planned.

The DSN Operations funding will provide for the maintenance and operation of network facilities and for the
support of the sustaining engineering required for continued operation of the network. The DSN will also
provide emergency communications to endangered spacecraft and serve as backup to the TDRSS Space Network.
Major TDRSS users that have used ground-based emergency communications include the STS. the Hubble Space
Telescope (HsT). the Compton Gamma Ray Observatory, the Upper Atmospheric Research Satellite (UARS), and
TOPEX,

The FY 1995 request for STDN Systems Implementation provides funds to replace obsolete equipment and
subsystems required for the STS operations at the Merritt Island, Florida, and Bermuda STDN tracking
stations. The reduced request for funds for STDN Operations reflects the discontinuance of centralized
management and funding for a logistical supply depot. Beginning in FY 1995. funding for depot logistics
will be provided for out of the respective program elements within the Mission Communication Services
program where these requirements will compete with funds available to support the NASA scientific user
community. Magnetic tape certification and a centralized equipment repair facility will continue to be
funded under this program element.

The FY 1995 request for STDN Operations provides for the operation and maintenance of the STDN ground
stations and limited tracking services purchased from the Department of Defense (DoD) and the University of
Chile. In FY 1995. the STDN will be composed of the Merritt Island and Bermuda stations with a limited UHF
voice capability provided from Senegal. The function of these stations will be limited to STS launch and
landing support activities.

The AB&SR Systems Implementation program includes funding for support of aeronautical research and

scientific experiments using sounding rockets and balloons. This support includes fixed and mobile
instrumentation systems, including radar, telemetry. optical, communications, command, and data handling and
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processing capabilities. The FY 1994 budget request includes funds to continue to replace and upgrade test
and calibration equipment and to refurbish or modify equipment to assure reliable performance. Funds are
also included for acquisition of equipment in support of the Radarsat and ADEOS missions and for the

automation of the WOTS.

" The funding for the 4B&SR Operations program supports the operation. maintenance, and technical services
needed to provide tracking, data acquisition. and command and control from these disperse fixed and mobile
facilities. Funds are included to prepare for Radarsat operations at McMurdo and for the operation and
maintenance of the Alaska SAR facility. Funds are also provided for aeronautics research operations and for

overhaul of radar systems at the WFF and the DFRF.
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BASIS OF g£Y 1995 FUNDING REQUIREMENT

MISSION CONTROL AND DATA SYSTEMS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Mission control systemsS.....cvviieiivrnnnnrnnnns 14,241 17,500 14,300
Mission control operationS.......ccvvveeennnnnns 48,336 52,700 51.000
Data processing systems implementation.......... 29,460 44,400 40,600
Data processing operationS......c.vvevrrrrrnennns 64.877 91.000 69,900

Total ... e e 156.914 205,600 175,800

OBJECTIVES AND STATUS

The Mission Control and Data Systems program provides for the development and operation of facilities and
systems that are required for mission control and data processing for space flight missions conducted by the
Goddard Space Flight Center (GSFC).

In addition to supporting currently operating spacecraft, Mission Control and Data Systems funding provides
for the planning and implementation of several new missions soon to be launched. These include the Wind,
Polar, Solar and Heliospheric Observatory (SOHO). and Cluster missions of the International Solar
Terrestrial Research program: the Fast Auroral Snapshot Explorer (FAST) and Submillimeter Wave Astronomy
Satellite (SWAS) Explorer missions: and the Total Ozone Mapping Spectrometer Earth Probe (TOMS EP). The
Space Shuttle will carry several Spacelab and attached payloads into orbit this year with data processing
preparations nearing completion.

In order to achieve funding reductions faced by NASA programs in FY 1995. the Mission Control and Data
Systems program will implement lower cost methods of providing operational services to NASA"s flight
programs and projects. These methods include use of advanced technology. reducing overhead costs, and
reducing the scope or quality of services. The end of operations for the Cosmic Background Explorer (COBE)
will also aid in achieving these reductions. Other actions include consolidation the Spacelab Data
Processing Facility: phase-out of the operation of Generic Time Data Multiplexing facility: termination of
the implementation of Advance On-board System Testbed Facility: elimination of some improvements to the
Hubble Space Telescope®s ground station support: and reduction in Flight Dynamic services for a number of
missions. Other specific actions await clarification upon the receipt of responses from NASA"s contractor.
engineering and science communities.
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The mission control function provides support for the planning of scientific observations and implementation
of command sequences that are transmitted to the spacecraft. Real-time information is crucial to determine
the condition of the spacecraft and payloads and to prepare commands in response to emergencies.” Funding
for this activity also supports the transformation of spacecraft downlink data into a form usable for
spacecraft monitoring in the control centers and for telemetry and scientific data analysis by the
scientific investigation teams.

The Mission Control Systems program provides the systems and facilities needed for the command and control
of the GSFC's unmanned scientific satellites. Command and control of the spacecraft and on-board
experiments are carried out by the respective Payload Operations Control Centers (P0OCCs) and their auxiliary
facilities.

The POCCs are responsible for the receipt. processing, and display of spacecraft engineering data and the
generation of commands. Five POCCs currently monitor and control eleven spacecraft. The Extreme
Ultraviolet Explorer (BuvE), launched last year, is the last new spacecraft that will be controlled out of
the aging Multi-Satellite Operations Control Center. The SAMPEX. Goddard®"s most recent launch, is the first
spacecraft to be controlled using the new Transportable Payload Operations Control Center (TPOCC)
architecture. Future spacecraft POCCs are being implemented in the TPOCC architecture with distributed
workstations to take advantage of the increased processing capability and lower cost. Other related mission
systems include the Johnson Space Center/Goddard Space Flight Center Shuttle POCC Interface Facility (SPIF)
and the Mission Planning/Command Management System to generate command sequences for transmission by the
POCCs to the spacecraft, and the User Planning System (UPS) to schedule spacecraft communications periods
through the Tracking and Data Relay Satellite System (TDRSS).

The Mission Operations program provides for the operation of the mission control centers and the related
software and services necessary for the monitoring and control of in-orbit spacecraft and prelaunch
preparations for new spacecraft.

Control facilities for spacecraft and payload operations have the capability for receiving, processing. and
displaying spacecraft engineering data and for generating commands. Commands are generated in response to
emergencies and also preplanned in sequences and transmitted to the spacecraft to carry out the mission
objectives. Software is developed for the control of each new spacecraft. made up of approximately 50%
reused standard software and 50% mission-unique software. Each facility is operated 24 hours per day. 7
days per week for mission services. For Shuttle missions with attached payloads operated by GSFC. a
specialized system processes and displays Shuttle-unique data that is needed for payload control.

The Data Processing Systems Implementation program provides for the procurement of equipment and development

of data processing and computational systems at GSFC that are required by a broad range of Earth orbiting
scientific missions. These systems determine spacecraft attitude and orbits. and generate attitude and
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orbit maneuvers for operating spacecraft. These systems also process the large volume of data produced by
the operational spacecraft as a prerequisite to analysis of the data by the individual mission research
projects.

Major data processing computational capabilities include the multimission Flight Dynamics Facility (FDF),
which performs the real-time attitude, orbit and flight maneuver control computations. In FY 1993. the FDF
computers were replaced with faster computer systems under a lease/purchase contract. In addition.
migration of the FDF from mainframe computers to a future distributed computing architecture will allow for
increased capacity and minimized life-cycle expenses. Other activities within this program include the
development and test of advanced data system components. Through these facilities. advanced techniques in
the areas of remote payload operation and control, expert systems, high-speed data processing. high-level
languages, and custom-engineered hardware processors using Very Large Scale Integration (VLSI) will continue
to be applied to operational systems to replace costly conventional systems and to reduce operational
staffing needs.

The Data Processing Systems Implementation program funds four major systems for processing spacecraft data:
(1) the Packet Data Processor (PACOR), which processes data from satellites that employ the new packet
technology and protocols: (2) the Hubble Space Telescope (H3T) Data Capture Facility (HSTDCF¥), which
captures, processes, and forwards the packetized telemetry from the HST to the Science Institute Facility:
(3) the Generic Time Division Multiplexer (GTDM) Facility, which processes data from all Time Division
Multiplexer (TDM) satellites: and (4) the Spacelab Data Processing Facility (SLDPF), which performs the data
processing required by Spacelab missions. As noted, in FY 1995 the GTDM will be terminated and the SLDPF
will be transferred from GSFC to the Marshall Space Flight Center (#SFC).

The large number of missions using modern packet data systems require corresponding packet data processing
services. These missions include the SMEX series. SOHO. Cluster, and others. The existing packet data
processing system is being expanded to provide the required increased data processing capability in a cost-
effective way. by taking advantage of advances in distributed computing and VLSI digital processing.

Information received in the form of tracking and telemetry data from the various spacecraft must be
processed into a usable form prior to analysis by the scientific investigation teams. Data are processed to
separate spacecraft telemetry from the scientific data gathered by on-board instruments and systems. This
data must be consolidated and marked with key spacecraft telemetry and temporal information. This
transformation is performed as part of the data processing function and is funded under the Data Processing
Operations program. Use of this capability extends across a variety of NASA missions. ranging from the
small explorer satellites to more complex imaging satellites.

The Data Processing Operations program funds the management, maintenance and operation of the data
processing and flight dynamics facilities at the GSFC. The FDF provides attitude and orbit products and

SAT 7-12



services for the NASA low Earth-orbital spacecraft in all mission phases. Flight Dynamic software is
developed and operated throughout the life of the missions.

BASIS OF FY 1995 ESTIMATE

The FY 1995 budget request for Mission Control Systems Implementation includes funds for continued
development of mission control capabilities at the GSFC for the SMEX missions and of replacement equipment
for the HST control center. Funds are also needed to procure equipment to implement control center
facilities for the upcoming Tropical Rainfall Measurement Mission (TRMM), SOHO. X-ray Timing Explorer (XTE),
Advanced Composition Explorer (ACE). and TOMS missions.

The Mission Control Operations program includes funds for the operation of control centers and facilities
for control of ten missions which will be fully operational throughout the year. and for the three new
missions scheduled to be launched in FY 1994. Additional funds are used to develop the control center
capabilities needed for spacecraft under construction that will be launched beyond 1994. The funds will
also be used to provide a scheduling system to be used with the new Danzante facility (formerly called the
Second TDRSS Ground Terminal). These enhancements are required to permit the control centers to operate
with evolving NASA ground systems, to control the increased number of spacecraft. and to accommodate the
higher data rates and complexity of new spacecraft. Previously planned improvements to the planning.
scheduling, and command generation system for the HST have been deleted due to budget constraints.

The Data Processing Systems Implementation program request reflects cost savings to be achieved by
consolidating the Spacelab Data Processing Facility functions with the control center functions. The
request also reflects discontinuing the operation of the Generic Time Division Multiplex (GTDM) data
processing facility, consistent with Agency plans to standardize on packet data systems. The budget request
includes funds to meet future packet processing requirements of SOHO and other missions under development.
As noted, in FY 1995 the GTDM will be terminated and SLDRF functions will be transferred from GSFC to MSFC.
Funds are also requested for upgrading the capability to exchange data within the data processing complex
and to other mission service facilities.

The budget request includes funding for equipment to provide the required reliability and availability of
the FDF consistent with commitments to ongoing missions, new mission initiatives. and internal services to
the space and ground networks, along with the acquisition of some elements of the future distributed
architecture systems. The budget request also includes funding for the Data Systems Technology program to
maintain the VLSI capability developed over several years and to apply state-of-the-art technologies to
prototype and operational systems for mission control, data processing. and communications.

Significant reductions to the Data Processing Operations program will occur due to the consolidation of the
SLDPF functions and the phase out of GTDM data processing. The FY 1995 budget request will provide for the
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continued operation of the general packet data processing system and the Hubble Space Telescope Data Capture
Facility. The budget request also reflects termination of attitude and orbit services to the COBE
spacecraft and reduced flight dynamics services for the upcoming TOMS, XTE. TrRMM, WIND. POLAR, SOHO. and ACE
projects in the areas of mission analysis and health and safety monitoring of the spacecraft attitude

» control systems.
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" BASIS OF FY 1995 FUNDING REQUIREMENT

SPACE NETWORK CUSTOMER SERVICES

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Space network customer SEerviCeS....tuuvtranrranns 27,900 30,000 32,000
OBJECTIVES AND STATUS

The Space Network Customer Services program provides access to the multimission communications network
serving all TDRS-compatible Earth orbiting missions. The program provides for the operation and maintenance
and improvement of the those ground systems and facilities located at the Goddard Space Flight Center
(GSFC). including the Network Control Center (NCC), required to schedule user services and to control and
operate the Space Network system.

Beginning in FY 1995. funding previously provided under the Space Network Operations and Systems Engineering
and Support programs are now combined. Capabilities that represent the services needed to provide user
access to the Space Network, representing both scientific and other purposes, have been combined in the
Space Network Customer Services program under the Science, Aeronautics and Technology appropriation.

The objective of this program is to develop and maintain the interfaces required by users for the Space
Network. In order to serve its many users. customer service provides user scheduling. ground equipment
configuration, and fault isolation services for the network. In addition, mission planning. user
communications systems compatibility, simulation. and testing services are provided to the network and
flight project to insure network readiness and technical compatibility for in-flight communications. Also
funded under this program element is the NCC at the GSFC which provides customer interface to the Space
Network system.

Finally. engineering services. hardware and software development required to sustain and improve the Space
Network are funded by this program. Equipment design and replacement: logistics support: and specialized
maintenance, configuration management, and procedure development are provided under the Space Network
Customer Services program. These services are critical to insuring reliable space communication and network
operation in support of user spacecraft systems.
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BASIS OF PY 1995 ESTIMATE

Funds are requested for operations. hardware and software maintenance, sustaining equipment purchases. and
software modifications for the Network Control Center, Simulations Operations Center, Compatibility Test

+ Vans, and related analytical tools and support systems. Related engineering, documentation. mission and
operational analytical services are also provided under this program.
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BASIS OF FY 1995 FUNDING REQUIREMENT

ADVANCED TECHNOLOGY

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Advanced technology.....icvvrinrennranrnnnnannss 23,273 24,600 --
OBJECTIVES AND STATUS

The objective of the Advanced Technology program is to improve the performance. capability and reliability
of future space missions in the critical areas of communications, navigation, and mission operations. This
is accomplished in the program by evaluating and developing new technologies to demonstrate their
feasibility to a level that allows field implementation to be undertaken with confidence. The research and
development under this program has, over the years, enabled the cost-effective introduction of new
technology and techniques into the Deep Space Network, the Space Network, communications systems, and data
processing systems.

BASIS OF FY 1995 ESTIMATE
Beginning in FY 1995. the Office of Space Communications® Advanced Systems program will no longer be funded

as a separate element. Essential activities will be reconstituted within the Mission Communication Services
program.
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BASIS OF FY 1995 FUNDING REQUIREMENT

CONSTRUCTION OF FACILITIES

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Construction of facilities....vvivivrerenrnrnnss 31,800 17,600 --

OBJECTIVES AND STATUS

The FY 1993 funding provided for the construction of two 34-meter high efficiency beam wave guide (BWG) type
multifrequency antennas at the Goldstone Deep Space Communications Complex. The FY 1994 funding provides
€or an additional antenna 34-meter BWG antenna at the Canberra, Australia Deep Space Communications Complex.

These new antennas will provide performance improvements for mission support.
BASIS OF FY 1995 ESTIMATE

No Construction of Facilities funds are requested in FY 1995.
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
BUDGET SUMMARY

ACADEMIC PROGRAMS EDUCATION PROGRAMS

SUMMARY OF RESOURCES REQUIREMENTS

Page
FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)

Student programsS....cceeresressanssssssnssansanss 9.800 10.700 11.200 SAT 8.1-4
Teacher/faculty iuuriiurrnannrsnnnnrsnnnnssnnnnns 11.120 12.000 14.300 SAT 8.1-6
ComprehnensSIVe . i cvii e iiraransnransnsnsansnsnnns 25.680 26.500 26.400 SAT 8.1-8
Education technology....cvevvriiirennrnnnnnnnnss 4.200 5.100 3.900 SAT 8.1-11
Special proJectS..iiiiiiiireiranrsnssrnnsannanss 19.400 -- --
Evaluation.....coviiriiranranrnnsnnnnnnnsnnsnnns -- -- 500 SAT 8.1-12

L0 1 = 20,200 54 _300 56,300
Distribution of Pronram Amount by Installation
Johnson Space Center ...covveevrrasssasnsasnsnnnns 1.253 1.175 1.198
Kennedy Space Center ...uivieverenrsannsasnsannnns 1.280 1.349 1.375
Marshall Space Flight Center......ivvvvvnnnnnnss 1.397 1.392 1.491
Stenniis Space Center .vcvvresnrsanrsasnrsnnsnnnns 1.505 1.509 1.539
Langley Research Center...ccvvurrsesnnrnnnnnnsnss 1.250 1. 285 1.310
Lewis Research Center .....uuvvveeannnsrsnnnnnnss 1.365 1.413 1.441
Ames Research Center.....ccvvvieennnrrnnnnnrnnns 1.355 1.519 1.549
Goddard Space Flight Center.....ccceivirrrrrnnns 1.270 1.392 1.419
Jet Propulsion Laboratory.....covevvveennnnnnnnns 1.525 1.601 1.633
HeadquartersS..iiuierensnransnsnnansnsansnsnnnnns 58,000 41,665 43, 345

10 1 = 1 70,20 24,300 26,300
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SCIENCE, AERONAUTICS AND TECHNOLOGY

FISCAL YEAR 1995 ESTIMATES

ACADEMIC PROGRAMS EDUCATION PROGRAM

OBJECTIVES AND JUSTIFICATION

The goal of NASA®"s Education program is to promote excellence in America®s education system through
enhancing and expanding scientific and technological competence. This program directly supports three of
the National Goals for Education. including goal number four that states by the year 2000. U.S. students
will be the first in the world in mathematics and science achievement. NASA"s program is designed to
capture and channel student interest in science, engineering, mathematics, and technology, as well as
enhance teacher and faculty knowledge and skills related to these subjects. These Agencywide pre-college,
university and minority university programs are in support of NASA"s education mission to ensure a
sufficient talent pool to preserve NASA and U.S. leadership in aeronautics, space, Earth science. and
technology and to help meet the national education goals.

The specific objectives of the Education program are:

To disseminate to the pre-college educational community -- students, teachers, and administrators --
experience and knowledge derived from NASA research and development and its application to the study
of mathematics, science, and technology:

To encourage elementary and secondary students to take greater interest in mathematics, science, and
technology through the use of advanced instructional technology, development of strong teacher
resource centers. curriculum materials designed for the elementary level, and the initiation of
cooperative relationships with private industry, local school systems, and community organizations:

To significantly increase the number of highly trained scientists and engineers In aeronautics, space
science, space applications, and space technology to meet the continuing needs of the national
asrospace effort:

To facilitate the direct interaction, further the professional knowledge and stimulate the exchange of
ideas between university faculty members and NASA scientists and engineers:

To explore the application of state-of-the-art technologies to enhance teaching methods and improve
dissemination of education program materials:
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To support innovative research at U.S. institutions of higher learning that is in the formative or

embryonic stage and that would appear to have significant potential to advance space science and
applications programs: and

To provide for the development and use of a core, long-term U.S. national university capability to
conduct multiyear. Earth science discipline-oriented applied research and remote sensing.

NASA is actively involved in the activities of the National Science and Technology Council/Committee ON
Education and Training (NSTC/CET). This budget request supports programs which contribute to the program

domains as defined by the Committee on Education and Training (CET), and is supportive of the milestones
outlined in the CET Strategic plan.

Beginning in FY 1994_. the Academic programs budget has been restructured to more clearly reflect the
educational focus of the programs and to be consistent with the CET activities. There has been no change to
the individual programs that have comprised the NASA Education program. For budget purposes, these programs
have been grouped to reflect the educational emphasis or the audiences the programs seek to reach.
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BASIS OF FY 1995 FUNDING REQUIREMENT

STUDENT PROGRAMS

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Elementary and secondary.......ccovviivennnnnnn. 2,800 3.100 3.700
Higher education........c.oiviiiirirnrnnnnrnnnnnns 7,000 7.600 7.500
TOtAl s rrrrrrrrrernnnnnr ettt 9, 200 10.700 11,200

OBJECTIVES AND STATUS

The Student programs at the Elementary and Secondary level include a series of programs to capture student
interest in mathematics, science and technology, and channel that interest into mathematics, science and
technology career paths. By demonstrating the applications of mathematics, science and technology in
aeronautics and space, programs such as the Summer High School Apprenticeship Research Program (SHARP),
SHARP-PLUS, Space Science Student Involvement Program (SSIP). and the Shuttle Amateur Radio Experiment
(SAREX) program encourage students to become interested in and pursue coursework in these fields of study.
NASA”s involvement in science and engineering fairs and cooperative activities with other agencies and
organizations continue to stimulate interest in aeronautics and space sciences among middle and secondary
school students.

At the Higher Education level, the Graduate Student Researchers Program (GSRP), initiated in 1980. provides
graduate fellowships nationwide to post-baccalaureate U.S. citizens to conduct thesis research at a NASA
Center or to carry out a program of study or research at their home institution. Awards are made to
graduate students for a maximum of three years. On an annual basis, NASA supports approximately 500
graduate students pursuing the masters or doctorate degrees in science, engineering, mathematics. and
technology.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funding will allow for the continuation of NASA student involvement programs (SHARP. SHARP-PLUS,
ssip, and SAREX). To enhance the current SHARP program, which now targets approximately 200
underrepresented minority students at the 11th and 12th grade level, the program has been extended to a
nationwide SHARP-PLUS program that will involve upwards of 1,000 students by the time it is fully
implemented in 1996. The SSIP is being expanded to include fourteen competition activities, encompassing
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all 50 states. Puerto Rico and the District of Columbia throughout eight geographical regions. Program
participation will expand from 100,000 students to 300.000 in FY 1995.

The FY 1995 request for Higher Education will maintain the fellowships at the graduate level. This program
continues to be a very competitive program, with a 6 to 1 ratio of applications to awards.
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BASIS OF FY 1995 FUNDING REQUIREMENT
TEACHER/FACULTY PROGRAMS

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Elementary and secondary.........covvvvennennnns 1,720 2,200 4,600
Higher education...........cciiiiiirnrinrnnnnnns 9,400 9.800 9.700
Total ..o i e i e 11,120 12.000 14.300

OBJECTIVES AND STATUS

One of the priorities identified in the Committee on Education and Training®"s Strategic Plan is the
immediate upgrading of the existing teaching workforce. The Teacher/Faculty programs at the Elementary and
Secondary level include a series of teacher enhancement programs targeted at pre-college teachers. The goal
is to enhance and improve the teaching of mathematics, science, and technology at the elementary and
secondary level by demonstrating the application of mathematics, science and technology in aeronautics and
space. Programs include: NASA Education Workshops for Elementary School Teachers (NEWEST), NASA Education
Workshops for Math and Science Teachers (NEWMAST), Teaching From Space, Urban Community Enrichment Program
(Ucep), Summer Teacher Workshops and Teacher Enhancement Workshops.

The Teacher/Faculty programs at the Higher Education level include programs created for graduate and
undergraduate faculty to further their professional knowledge of engineering and science disciplines.
Research opportunities for undergraduate and graduate faculty are provided through access to the NASA
laboratories and to our extensive datasets. The Summer Faculty Fellowship Program (SFFP) provides highly
beneficial opportunities for engineering and science faculty throughout the U.S. to participate in NASA
research. This program has contributed significantly to the improvement of both undergraduate and graduate
education, and directly benefits NASA, universities, faculty, students, and the Nation. Approximately 300
university faculty are supported annually for ten weeks. Evaluations conducted by the American Society for
Engineering Education (ASEE) of the program indicate that approximately 30-40% of the participating faculty
subsequently receive NASA research grants or contracts.

The JOint VEnture (JOVE) and Innovative Research programs also provide opportunities for undergraduate
faculty to come to the NASA Centers to work with NASA data and to enhance research and teaching
capabilities. The JOVE is managed by the Marshall Space Flight Center, where it was initiated as a pilot
program in 1989. NASA provides scientific on-line data from space missions, as well as support for
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electronic work stations and partial faculty and student support. In turn, the universities agree to grant
faculty release time. student support, and an instructional unit on a space science topic. There are
currently 75 academic institutions in 44 states and Puerto Rico participating. This program allows NASA to
provide data to a broader range of academic institutions.

The Innovative Research program is managed through the Offices of Space Science and Mission to Planet Earth.
to support research which has the potential for significant advances for Planetary and Earth Science and
Astrophysics. This program is intended to provide a mechanism for the funding of scientifically sound
proposals which might not be funded through normal channels either because of their interdisciplinary nature
or because they are speculative or risky. The long-term goal is to help the new ideas mature to a state of

acceptability within a particular science discipline.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funding will allow for expansion of NASA sponsored teacher workshops (NEWEST/NEWMAST) and
increased participation in a National Science and Technology Council/Committee on Education and Training
(NSTC/CET) program for long-term teacher enhancement activities. 1In 1993. NASA participated in a NSTC/CET
pilot program for long-term teacher enhancement where teachers were given a month of in-service and work
related opportunities at the Marshall Space Flight Center and the Jet Propulsion Laboratory. The cost is
approximately $5,000 per teacher. NASA will increase the number of participating teachers in FY 1995 to
approximately 500. This represents an increase of 350 teachers over FY 1994. In addition, NEWEST/NEWMAST
will support an additional 50 teachers this year for a total of approximately 260 teachers.

The FY 1995 funding for Higher Education will provide for continuation of ongoing projects and a limited
number of new awards.
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BASIS OF FY 1995 FUNDING REQUIREMENT

COMPREHENSIVE

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Aerospace education services program (AESP)..... 6,500 6,300 6,300
Space grant college and fellowships............. 13,400 14.500 14,400

Experimental program to stimulate competitive
research (EPSCOR) ....ivviiiiiiiiiiiiiinnnnnnss 5.000 5,000 5,000
Tri-state education initiative program.......... 780 700 700
Total ..o e e 25,680 26,500 26,400

OBJECTIVES AND STATUS

These programs address many different levels within the education community and include: the Aerospace
Education Services Program (AESP). Space Grant College and Fellowships Program, Experimental Program to
Stimulate Competitive Research (EPSCoR), and the Tri-State Education Initiative Program.

The AESP. also known as Spacemobile. is NASA"s premier outreach program at the elementary and secondary
education level. The AESP specialists, all former science, mathematics. or technology teachers, capture the
interest of millions of students and enhance the teaching skills of teachers each year by using aeronautics
and space as a catalyst in the teaching of science, mathematics, and technology. The AESP specialists visit
schools throughout the U.S.. conducting student assemblies and teacher workshops. The AESP specialists also
conduct teacher workshops at the NASA Centers and various colleges and universities. The format of the AESP
is being redesigned. New training and program delivery strategies are being implemented to include more
teacher enhancement emphasis and support of the National Science Foundation systemic change initiatives.

The Space Grant College and Fellowships program is composed of three interrelated elements: Designated
Space Grant Colleges/Consortia, Space Grant Program Consortia, and Space Grant Capability Enhancement
Consortia. The 21 Designated Space Grant Consortia were selected in 1989 and are led by preeminent
institutions which are substantially involved in a broad spectrum of NASA research. offer advanced study in
aerospace fields, and are significantly involved in related public service. In FY 1992. 1993. and 1994.
designated schools received grants ranging from $295,000-$380,000
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In FY 1991. a second competition took place to select states for Program Grants or for Capability
Enhancement Grants (the difference between the two types of programs is related to current involvement in
aerospace fields). Twenty-nine proposals were received. OF those 29. fourteen were funded as Program
Grants. twelve as Capability Enhancement Grants and three as planning grants. Selections were announced in
February 1991. Program Grant and Capability Grant awardees received $150,000 in FY 1991. a portion of which
was to be used for fellowships. In FY 1992. FY 1993. and FY 1994. the states received an additional
augmentation of $20.000. with the opportunity to receive an additional $35.000. depending upon the size of
the consortium. The three states which received planning grants of $25.000 each, were brought into the
program as fully-funded Capability Enhancement grantees, along with Vermont and Puerto Rico. in FY 1992.
Institutions of higher education involved in the Space Grant program currently number over 400. All
consortia match their grants at 100% in either dollars and/or cost sharing arrangements to carry out
programs of education. public service, and research.

The FY 1993 NASA Authorization Act (P.L. 102-583) directed NASA to initiate a program to strengthen the
research capability of states that do not successfully participate in competitive space and aeronautical
research activities. This program, modeled after the National Science Foundation"s Experimental Program to
Stimulate Competitive Research (EpSCoR), provides seed funding that will enable eligible states to develop
an academic research enterprise directed toward long-term, self-sustaining, nationally competitive
capability in space science and applications, aeronautical research and technology, and space research and
technology programs. This capability will, in turn, contribute to the state"s economic viability.

A program announcement was issued in June 1993 aavising eligible states of the opportunity to submit
proposals for the NASA EPSCoR program. Nineteen proposals were received, and after a thorough. merit-based
review. up to nine awards will be made in early 1994. As the selected states are also part of the Space
Grant College program, the two programs are being closely coordinated,

The goal of NASA"s Tri-State Education Initiative program is to provide educational programs, as requested
by the educators of the Tennessee/Alabama/Mississippi region in a manner consistent with NASA"s total
education program, and to support systemic reform of the education system as recommended in the Goals 2000
education program. Originally, the Tri-State Education Initiative was to provide needed education programs
to an underserved area affected by the Advanced Solid Rocket Motor (AsRM). However. it became clear in the
early planning phase of the program that since major education reforms were the results desired by the
education personnel in the region, a more comprehensive and long-term program was required. The region is
an excellent location for a program aligned with the national education goals and the Goals 2000 plan, and
therefore, it was determined that the education program should be carried forward independently of the
termination of the ASRM program. NASA"s principal role has been as a facilitator in order to (a) identify
the education-related needs of schools in the Tri-State area. (b) convene representatives of other Federal
agencies (e.g. Departments of Energy and Education, Tennessee Valley Authority) in order to guide support of
Federal resources to the area, and (¢) provide direct education services where appropriate.
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BASIS OF FY 1995 ESTIMATE

The FY 1995 funding request for AESP will allow for continuation of the current program, with funding
targeted toward maintaining the staffing level of specialists and upgrading aerospace models and vans.
Activities for FY 1995 include development of instruction media, program evaluation activities, and
expansion of the Urban Community Education program to reach additional inner city communities.

The FY 1995 funding request for the Space Grant College and Fellowships program will continue funding to all
51 consortia. Funds will also be used to perform program evaluation activities, ,which include site visits
to Space Grant college campuses, and to initiate community college and undergraduate teaching initiatives.
A Space Grant Review Panel will be convened, as directed by Congress in House Report 103-150 and Senate

Report 103-137

Implementation of the NASA EPSCoR program will continue in FY 1995. through renewal of grants awarded in
FY 1994. Progress of the participating states will be evaluated in FY 1996: the results of that evaluation
will determine whether states may qualify for an additional two year award.

The FY 1995 funding will provide for continuation of the Tri-state Education Initiative.
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BASIS OF FY 1995 FUNDING REQUIREMENT

EDUCATION TECHNOLOGY

FY 1993 FY 1994 EY 1995
(Thousands of dollars)

Education technology........ccoviiiiiiiinnnnnn.. 4,200 5,100 3.900
OBJECTIVES AND STATUS

NASA"s Education Technology effort is an essential component of the Agency®s Education program. Education
technology products and services produced will ensure that NASA is able to develop a high level of
leadership in Education technology as it has in aeronautics and space technology. Education technology is
one of NASA"s highest priorities for FY 1994 and beyond. Fundamental work is underway to make available, in
a user friendly format, the results of NASA"s research (e.g., data sets) to the education community: and to
translate NASA"s research tools into education formats (e.g., virtual reality). Significant education
technology products have been produced or are under development, and a research and development center for
education technology. the Classroom of the Future, is under construction.

BASIS OF FY 1995 ESTIMATE

The FY 1995 funding reflects a real increase of $800.000. and will allow for the development of several
technology-based products of high priority to NASA. These include a videodisk for Earth systems science, a
feasibility study of a telecourse for teachers. and enhancements to the Spacelink Computer Information
System. Funding will be used for NASA Select educational video programming, expansion of the Regional
Teacher Resource Center Network, hands-on participatory science using computers and telecommunication
systems, and the Classroom of the Future. As was addressed in an earlier section discussing changes between
the FY 1994 Amended Budget Request and the FY 1994 Current Estimate, the Congress directed a $3.0 million
increase in funding for Educational Technologies in FY 1994. The projects to be funded by this increase are
being defined.
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BASIS OF FY 1995 FUNDING REQUIREMENT

EVALUATION

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

[V 2= Y 10 F= of o] o - -- 500
OBJECTIVES AND STATUS

Evaluation is essential to the effectiveness of the NASA Education program. Therefore, a comprehensive

evaluation plan has been drafted and is being implemented to ensure that necessary data are gathered to

provide for accountability in the use of Federal funds, monitor progress, provide feedback, and document
program outcomes. The evaluation plan includes both short- and long-term actions.

In the short-term, the following actions have been or will be conducted: (1) The Education Division
conducted a major Agencywide survey in FY 1992 to identify all existing NASA Education programs. This
database will be maintained and the survey will be repeated every three years: (2) A data collection and
management system has been designed and implementation is underway for all national education programs.
Implementation will be completed by FY 1994: and (3) NASA is participating in National Science and
Technology Council/Committee on Education and Training (NSTC/CET) activities designed to improve and
coordinate evaluations of Federal education programs and develop evaluation standards.

Two major long-term efforts are underway. First, the National Research Council (NRC) is conducting a study
to identify evaluation indicators for all of NASA"s Education programs. These indicators will become
standards against which programs will be evaluated for termination, modification, or enhancement. Second,
NASA®"s data management system will be expanded to all Field Centers to provide a database system of
evaluation data. Additionally, the database will be modified to be consistent with the recommendations
resulting from the NRC study and with the NSTC/CET evaluation standards.

BASIS OF FY 1995 ESTIMATE

The funding for FY 1995 will initiate an external comprehensive evaluation of NASA"s education programs.
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SCIENCE, AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
BUDGET SUMMARY

ACADEMIC PROGRAMS MINORITY UNIVERSITY RESEARCH
AND EDUCATION PROGRAM

SUMMARY OF RESOURCES REQUIREMENTS
Page

FY 1993 FY 1994 FY 1995 Number
(Thousands of dollars)

Historically black colleges and universities.... 11,400 17,700 17,800 SAT 8.2-4
Other minority universities..........ccvvvvunnn 4,800 7.000 16,600 SAT 8.2-6
Graduate student researchers program/
Underrepresented minority focus................ 3.400 3,400 3,400 SAT 8.2-9
Undergraduate student researchers program/
Underrepresented minority focus............... 3.100 3.100 ~3.,100 SAT 8.2-10
L0 1 = 22,700 31,200 40,900

Johnson Space Center......vovviiiinnranransnnnss 350 1.654 2.438
Kennedy Space Center......ciivvrnnrenrrnnrnnsnns 400 527 777
Marshall Space Flight Center.................... 1.125 1,488 2,194
Stennis Space Center.....covvivreirrnnrnnrnnnnns 150 200 294
Langley Research Center..........ccoiviiiinnnnnnn 1,506 1.991 2,935
Lewis Research Center........cvvvviivirrnnnrnnns 894 1.182 1,744
Ames Research Center........covviviinirnnnrnnnns 150 200 294
Goddard Space Flight Center...............c..... 1,383 1,828 2,696
Jet Propulsion Laboratory........covvvvviennnnnn 1.290 1,707 2.516
HeadquarterS. . .uiiii i ii e insnsararannnnnnnnns 15,452 20,423 25,012

Total oo e e 22,700 31,200 40.900
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SCIENCE. AERONAUTICS AND TECHNOLOGY
FISCAL YEAR 1995 ESTIMATES
» ACADEMIC PROGRAMS MINORITY UNIVERSITY RESEARCH AND EDUCATION PROGRAM

OBJECTIVES AND JUSTIFICATION

NASA has made a major commitment to being a leader in strengthening the research infrastructure capabilities
of minority universities to compete for "mainstream" federal research funding. The Congress and Executive
Branch have established a clear record of commitment to increasing the involvement of minority institutions
in federally sponsored programs. One of the President®s national education goals, and a milestone in the
National Science and Technology Council/Committee on Education Strategic Plan is to increase the number of
women and minority students receiving graduate and undergraduate degrees in mathematics and science. NASA.
through the Office of Equal Opportunity Programs (OEOP). seeks to bring together a strong research focus and
alliances between minority institutions, majority research universities, state and local governments.
elementary and secondary schools, industry and other Federal research and development (R&D) agencies to
encourage the development of a resource pool of talent. The OEOP pursues this alliance through the
aggressive implementation of initiatives for Historically Black Colleges and Universities (HBCUs), by
developing closer relationships with Other Minority Universities (OMUs) including Hispanic Serving
Institutions (HSIs), and by continuing the student scholarship and fellowship programs at the Graduate and
Undergraduate levels. In support of the National Education Goals, NASA will increase opportunities €or
teacher preparation and enhancement at the elementary and secondary level in schools with significant
minority enrollments.

The goals of the NASA minority university research and education programs are to improve and expand the
research capability of selected HBCUs and OMUs, and to encourage the development of a resource pool of
talent through a strong research focus. One of the objectives of the President®s goal in mathematics and
science education is to increase the number of women and minority graduate and undergraduate students
receiving degrees in mathematics, science and engineering. NASA endeavors to achieve this goal through the
aggressive implementation of initiatives for HBCUs: by developing closer relationships with OMUs; and by
continuing the Graduate Student Researchers program. Underrepresented Minority Focus (GSRP/UMF); and, the
Undergraduate Student Researchers programs, Underrepresented Minority Focus (USRP/UMF). An additional
responsibility for NASA and the 0EOP's Minority University Research and Education Division (MURED) will be
to ensure that opportunities for K-12 teachers and students at elementary and secondary schools with
significant minority enrollments are enhanced under Executive Order 12821. entitled "Improving Mathematics
and Science Education in Support of the National Educational Goals."
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NASA"s HBCU initiative is mandated by Executive Order 12876. which requires Federal agencies to increase
significantly the involvement of HBCUs in Federally sponsored programs. Congress also mandated NASA, in
Fy 1985, to build closer relationships with universities that tend not to be major research institutions.
but do have significant minority enrollments. To accomplish this goal, the Agency has established the OMU
program to focus on meeting NASA"s research objectives. and concurrently, increase the number of individuals
from underrepresented groups in the pool of graduate researchers while not diminishing the Agency"s effort
toward HBCUs. Additionally. under the auspices of the OMU program, NASA is responsive to Executive Order
12729 on Educational Excellence for Hispanic Americans which directs Federal agencies to be actively
involved in helping advance educational opportunities for Hispanic Americans. As directed by the FY 1994
House Appropriation Committee Report, NASA has adopted the definition of HSIs under Part A of Title III of
the Higher Education Act. which also establishes HSIs as worthy of special Federal attention.

NASA implements both the HBCU and OMU programs® initiatives primarily using research and training grants
sponsored through the MURED in the OEOP. The research and training grants focus on specific research
disciplines relevant to NASA requirements in science and technology and are used to support faculty and
students at HBCUs and OMUs, thereby increasing the scientific and technological contributions from these
institutions and increasing the pool of minorities in NASA-related science and engineering disciplines. In
FY 1992, the NASA Institutional Program Offices (IP0Os) became directly involved and responsible for the
selection, funding, and conduct of minority university research. Currently, the 1P0s and other technically
oriented program offices are working collaboratively with the OEOP to expand institutional research
capability at minority universities and to enhance research opportunities for faculty principal
investigators (PIs) and student researchers in their program offices® areas of responsibilities.
Ultimately, it is anticipated that the institutions. faculty and students will compete successfully in
NASA"s mainstream research and employment processes. This new process also facilitates NASA"s efforts to
comply with Congressional mandate to expand HBCU research centers and develop mechanisms for increased
participation by faculty and students of HSIs iIn mainstream research.

To encourage the development of talent at the undergraduate and graduate level, NASA will continue the
GSRP/UMF, the USRP/UMF, and expand the undergraduate scholars programs at HBCUs and OMUs. including HSIs.
NASA"s efforts in these areas were highlighted when Congress noted that '"the agency"s goal of expanding
opportunities for capable students from underrepresented groups pursuing degrees in engineering and science
disciplines is not only deserving but clearly in our nation®s self interest."
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BASIS OF FY 1995 FUNDING REQUIREMENT

FY 1993 EY 1994 FY 1995
(Thousands of dollars)

Historically black colleges and universities.... 11.400 17,700 17,800
OBJECTIVES AND STATUS

The objectives of the Historically Black Colleges and Universities (HBCU) program are to continue to
increase the level of NASA®"s participation with H8CU's and to strengthen the infrastructure of selected
universities. Congress directed a major increase in the HBCU program in FY 1994. Despite the overall
Agency budget constraints. the increased level of funding will be maintained in FY 1995. This reflects
NASA"s commitment to play a leadership role in strengthening the research capabilities of the Nation"s
minority research institutions, and to increasing the pipeline of minority scientists and engineers into the
workforce. Special emphasis will be placed on enhancing the mathematics and science abilities of students
at these universities, which will lead to careers in science and engineering research and education. The
NASA Program Offices and Field Centers play an integral role in the HBCU program. All research efforts are
coordinated through the NASA technical offices and are responsive to NASA research needs. These program
offices contribute research funds to the HBCU research programs, ensuring a coordinated approach between the
Office of Equal Opportunity Programs (OEOP) and the NASA technical programs. The Program Offices involved
in the OEOP programs include the Office of Space Science, the Office of Mission to Planet Earth. the Office
of Life and Microgravity Sciences. the Office of Advanced Concepts and Technology, and the Office of Space
Flight.

In FY 1991, seven HBCUs were selected through a competitive process to be HBCU Research Centers, This
competition was based on the strength of these institutions in science and technology disciplines related to
NASA research requirements. The goal of this program is to strengthen the capability of these institutions
to compete effectively against other "mainstream” research institutions for NASA funding. The HBCU Research
Centers received initial funding In FY 1992. and regularly meet with the NASA Centers and Headquarters
Program Offices, to implement focused research activities leading to "mainstream' capability at the HBCU's.
Research Center activities involve Principal Investigators (PIs) and graduate and undergraduate students.
Collaborative efforts between the Equal Opportunity Programs Office and the NASA Program Offices will
provide funding, technical assistance and long term guidance for the HBCU Research Centers.

The HBCU Institutional Research Awards (IRA) program is designed to strengthen the capacity of HBCUs. by
building institutional infrastructure and providing a quality learning and research environment. Research
awards awarded under this program provide a quality learning and research environment for underrepresented
minorities to increase their opportunity to participate in Federal research activities.
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The Mathematics, Science, and Technology Teacher Awards for Teacher and Curriculum Enhancement focuses on
enhancing the teaching skills of secondary level teachers. This program, which will be initiated in

FY 1995. seeks to: (1) increase the number of state certified underrepresented minority teachers in schools
with substantial enrollments of minorities, by strengthening the technical skills and knowledge of
underrepresented middle and secondary science. mathematics and technology pre-service teachers; and. (2) to
improve science and mathematics literacy among underrepresented minority pre-service and in-service teachers
and middle and secondary students. Five awards are planned for Fy 1995.

Consistent with the Agency®s FY 1991 commitment to issue a FY 1994 call for research proposals from
underrepresented minority principal investigators at HBCUs. the Faculty Awards for Research (FAR) program
was expanded for this purpose. Ten HBCU PIs were selected as FAR recipients and approximately ten
additional HBCU 2Is will be selected during FY 1995. The FAR was established under the Other Minority
University (OMU) program to encourage outstanding and promising underrepresented minority faculty to propose
research in NASA-related fields of space and Earth science and aerospace technology. Awards up to $75,000
are made for up to three years based on the annual determination of continuing achievement and subject to
the availability of funds.

The Facility Enhancement and Faculty Development initiative, started in FY 1994. will be continued iIn

FY 1995. This program seeks to increase outreach efforts to minority students at community colleges. The
goals of this program are to: (1) improve the facilities: (2) enhance the mathematics and science
curriculum; (3) upgrade the credentials of the mathematics and science instructors; and (4) improve the
transfer rates of science, mathematics. and engineering students to four-year institutions.

BASIS OF FY 1995 ESTIMATE

In FY 1995, the seven HBCU Research Centers will be continued for the fourth of a five-year commitment by
NASA. Funding for the HBCU Research Centers includes contributions from the NASA program offices for

research conducted by the Research Centers, supplemented by funding from the OEOP.

In FY 1995. up to three new HBCU Institutional Research Awards will be competitively selected. The IRAs,
which range from $400-$600 thousand each, are awarded to HBCUs other than the HBCU Research Centers.

Five Mathematics, Science, and Technology Teacher Awards for Teacher and Curriculum Enhancement are planned
for FY 1995. These awards range from $150-$200 thousand each with an anticipated three year period of
performance.

In FY 1995. the fourteen Faculty Awards for Research that were competitively awarded to individual PIs will

be continued. In addition, fourteen new FAR awards will be competitively awarded. The FAR awards range
from $50-$75 thousand each.
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BASIS OF FY 1995 FUNDING REQUIREMENT

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Other minority universities..........ccovviunnnnn 4.800 7.000 16,600
OBJECTIVES AND STATUS

The objectives of the Other Minority Universities (0MyU) program are to continue to work in collaboration
with NASA Program Offices and Field Centers to implement a comprehensive program that provides opportunities
for universities with significant minority enrollments to compete for individual Principal Investigators
(PD) awards, institutional research awards, and educational and training awards. These awards will enhance
the retention and advancement of minority and disabled secondary students in mathematics-based curricula,
expand science and mathematics enrichment opportunities for in-service teachers, and increase cultural
diversity among pre-service mathematics and science teachers at schools with significant minority
enrollments. NASA has made a major commitment to expanding this program. The Institutional Program Offices
provide the majority of funding for NASA research conducted at OMUs. while the Office of Equal Opportunity
Programs (OEOP) funds provide the majority of funding for the educational and training programs at these
institutions. This collaboration ensures close coordination between the development of research
capabilities at the OMUs and the research priorities of NASA.

In FY 1994. a program notice was issued to announce the Other Minority University (oMU) Research Center
program, with awards to be made in FY 1995. This program will be patterned after the HBCU Research Center
program and will target primarily Hispanic-serving institutions. The OMU Research Center program will be a
collaborative effort with the Office of Space Science, the Office of Mission to Planet Earth, the Office of
Aeronautics, the Office of Advanced Concepts and Technology, and the Office of Life and Microgravity
Sciences and Applications in terms of the evaluation, selection and monitoring processes, and funding. The
goal of this program is to establish university-broad based, competitive, core aerospace research capability
among minority universities other than HBCUs. NASA seeks institutions which are committed to developing or
enhancing a strong research base in one or more of the traditional space or Earth science and aerospace
engineering disciplines or in a cross-discipline research. The objective is to foster new science and
technology concepts, expand the nation®s base for aerospace research and development, and develop mechanisms
for increased participation by faculty and students at OMUs in mainstream research. NASA anticipates a five
year commitment building up to $2,000,000 per year.
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The Faculty Awards for Research (FAR) program described under the HBCU program was implemented and funded
jointly between the NASA Program OFfices and the OEOP as an outreach to principal investigators at OMU
programs in FY 1992. Since that time, thirty outstanding and promising faculty researchers at OMUs have
been competitively selected to conduct research in NASA related fields of space and Earth sciences, and
aerospace technology. Each FAR recipient is assigned a technical monitor at a NASA installation or at the
Jet Propulsion Laboratory.

The Institutional Research Award (IRA) for Minority Universities program was initiated in FY 1993. In

FY 1994. six OMUs, including HSIs were selected for IRA awards. The IRA awards are designed to strengthen
the capacity of minority universities by building institutional infrastructure and providing a quality
learning and research environment for underrepresented minorities to increase their opportunity to
participate in, and benefit from Federal programs. In FY 1995, funding for the six IRA institutions will be
continued with a 20% increase in funding.

The Mathematics, Science, and Technology Teacher Awards for Teacher and Curriculum Enhancement Program
(MASTAP), Underrepresented Minority Focus was initiated in FY 1994. and five awards are planned in

FY 1995. The goals of this program are identical to the same program previously described under the HBCU
program.

In FY 1994, a Native American Science and Technology Consortium (NASTEC) was established and funded. The
guiding principles for NASTEC include respect for Native American cultural/tribal needs and the active
participation of the Native American community. and capacity building and multicultural literacy. The goals
of this program include addressing the special needs of the Native American community for technical literacy
and skills development, and increasing the number of Native American scientists and engineers by the end of
the decade.

The Facility Enhancement and Faculty Development initiative is expanded to include OMUs this fiscal year.
The OMU program targets outreach to minority students at Tribal Colleges, other community colleges and
liberal arts colleges with strong mathematics and science student transfers to four-year institutions. The
goals of this initiative are: (1) to improve the facilities. (2) to expand the mathematics and science
curriculum: upgrade the credentials of the mathematics and science instructors: and ultimately improve the
transfer rates to four year institutions.

BASIS OF FY 1995 ESTIMATE
In FY 1995. funding for OMU programs is significantly increased to fulfill the commitment to ensuring
cultural diversity in the NASA research community and outreach to Hispanic serving institutions. NASA will

continue to fund comprehensive educational and training programs at OMUs. and the OEOP will work in close
cooperation with the NASA technical program offices in funding NASA research efforts at these institutions.
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In FY 1995. four to six OMU Research Centers will be competitively selected. Awards of $2 million per year.
anticipated for five years. are planned. Funding for the FAR will continue the awards made in FY 1994. and
provide for an additional ten new FAR awards in FY 1995. The FAR awards are approximately $75 thousand
each. In FY 1995. the five Mathematics, Science, and Technology Teacher Awards for Teacher and Curriculum
Enhancement Program (MASTAP) awards made in FY 1994 will be renewed. In FY 1995. two additional new awards
will be made. The MASTAP grant awards are provided up to $200 thousand for each three years of support. for
a total of up to $600,000. Funding for the Native American Science and Technology Consortium (NASTEC) is
planned for $800 thousand. Funding is also included for OMU Facility Enhancement and Faculty Development

awards €or FY 1995.
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BASIS OF FY 1995 FUNDING REQUIREMENT
FY 1993 FY 1994 FY 1995

(Thousands of dollars)

Graduate student researchers program/
underrepresented minority focus ............... 3.400 3.400 3,400

OBJECTIVES AND STATUS

The objectives of the Graduate Student Researchers Program/Underrepresented minority focus (GSRP/UMF) are to
enhance the development of underrepresented minorities and persons with disabilities in an effective way so
as to utilize the potential of this Nation"s diverse citizenry: and to increase the size of the resource
pool of research skills that will be needed to meet aerospace and other technological objectives of the
future. Graduate students who have research interests relevant to NASA"s needs are competitively selected
into the program. This program™s targets are Blacks, Hispanics, American Indians. Pacific Islanders and the
disabled. They must be enrolled in masters or doctoral programs in engineering. physics. mathematics,
computer science, biology, or other disciplines of interest to NASA. Data show that approximately 76 of the
GSRP/UMF students are in pPh.D. programs. and that Blacks and Hispanics make up about 93% of the program
population. This is particularly encouraging since recent national scientific manpower data show Blacks and
Hispanics making the least educational advancement of all target groups in science and engineering.

In FY 1993. the seventh year of the program, an additional 60 underrepresented minority students were
selected for a total of 152 participants in the program. This total included 59 Black males, 25 black
females, 46 Hispanic males, 12 Hispanic females. 3 American Indian males. 1 American Indian female. 1
Pacific Islander male and 3 Pacific Islander females and 2 disabled males. FY 1994 shows a continuing
upward trend in applications and candidates. Candidates from Historically Black Colleges and Universities
will be allowed to apply. (Previously they were excluded due to NASA"s other programs for HBCUS).

BASIS OF FY 1995 ESTIMATE

Funding in FY 1995 will sustain the planned maximum operating level of 180 students.
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BASIS OF FY 1995 FUNDING REQUIREMENT

FY 1993 FY 1994 FY 1995
(Thousands of dollars)

Undergraduate student researchers program/
underrepresented minority focus... ........ ..., 3,100 3,100 3,100

OBJECTIVES AND STATUS

This program, initiated in FY 1991. identifies high ability high school senior and continuing first year
underrepresented minority and disabled students majoring in science or engineering and awards them portable
scholarships through universities with proven records of recruiting. retaining and graduating minority
science and engineering students. This program added approximately 75 students each year. so that by the
fourth year (1994) NASA expects to be supporting approximately 300 students through the program. Our
projected graduation rate is 85-90%. based on the fact that approximately 10% of the participants have
dropped out of the program to date. The students receive tuition support: are monitored, tutored and
nurtured: and spend their summers conducting research with principal investigators at their universities.
NASA Installations, Federal laboratories or private industry. During their final year, students will be
encouraged to apply for NASA"s Cooperative Education program. The pipeline of undergraduate minority
students majoring in the physical and life sciences and engineering coming from this program is expected to
substantially and positively impact NASA"s and the aerospace industry®s hiring needs. Even more important.
these students are being targeted for graduate level studies and research and teaching careers in the fields
of science and engineering. The Undergraduate Student Researchers Program/ Underrepresented Minority Focus
(USRP/UMF) may serve as a Teeder to the Graduate Student Researchers Program/Underreprasantad Minority Focus
(GSRP/UMF) .

In FY 1993. the third year of the program, an additional 71 underrepresented minority students were selected
for a total of 211 participating in the program. This total included 107 African-Americans, 86 Hispanics.

9 Native Americans, 2 Pacific Islanders, and 7 students with disabilities. In FY 1994. the total
participation will be increased to 300 students representing scientific and technical disciplines related to
NASA"s work force needs projected over the next ten years. The 300 student level represents the maximum
student support possible under the anticipated funding levels through FY 1999.

BASIS OF FY 1995 ESTIMATE

The funding level of the UsrP/UMF will approximate the funding level of the GSRP/UMF. Since the undergraduate
component will serve as a feeder to the graduate component, the proposed budget structure for the
undergraduate component represents a natural progression. NASA"s goal is to have a continuous flow of
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underrepresented minority undergraduate an® graQuate level students in science ao® engineering e®~catiooal
tracks related to the Agency's mission.
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