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House of Representatives

Dear Mr. Chairman:

On November 7, 1988, your office requested that we review the National
Aeronautics and Space Administration’s (NASA) plans to provide emer-
gency backup communications support for earth orbiting spacecraft
after the planned closing of four ground stations. Such backup support
is needed when spacecraft emergencies (malfunctions in on-board sys-
tems) occur and ground intervention is required. You also requested that
we provide (1) information on the number of spacecraft emergencies
that have occurred over the past few years and (2) information about
the reliability of the space-based Tracking and Data Relay Satellite Sys-
tem (TDRSS) White Sands Ground Terminal.

Several concerns about NASA’s plans to provide backup communications
support for earth-orbiting spacecraft have been raised by officials at the
Goddard Space Flight Center, which is responsible for individual space-
craft projects as well as the communications networks that support
them. These officials expressed specific concerns in August 1988 about
NASA’s plan to close four of its ten existing ground stations once the
space-based TDRSS system becomes fully operational. The Goddard offi-
cials foresaw that some of those stations might be needed to (1) help
spacecraft in an emergency, and (2) support future small spacecraft
missions in equatorial orbits as well as launches of expendable rockets.
In January 1989, however, Goddard reported that, after further consul-
tation with spacecraft project managers, their concerns about emer-
gency support to resolve on-board malfunctions had been lessened,
because spacecraft project managers had expressed the view that the
probability of loss or damage to the spacecraft if the four stations were
closed would be extremely low. Project officials said that they had not
performed formal risk assessments on the impact of closing the four
ground stations as requested by the Office of Space Operations. Rather,
their assessment was based on their professional judgment. Further,
Goddard officials said the issues concerning communications support for

Page 1 GAO/IMTEC-89-41 NASA Spacecraft Communications



B-234058

Background

future small spacecraft missions in equatorial orbits as well as launches
of expendable rockets had not been resolved.

During our work, project officials representing some future missions
expressed concerns to us about NASA's position not to provide communi-
cations support for the transmission of scientific data from their mis-
sions, should they lose the use of TDRSS. According to the Associate
Administrator for Space Operations, since 1975 NASA’s decision has been
to provide emergency backup support for the safety and proper func-
tioning of the spacecraft only and not for the transmission of scientific
data.

Based on data maintained by NASA between 1982 and 1987 (the latest
available), the 11 to 23 earth orbiting spacecraft for which the Goddard
Space Flight Center was responsible! experienced 316 malfunctions in
on-board systems that required emergency intervention. According to
Goddard records, most of these malfunctions, which averaged 2.2 per
spacecraft per year, resulted in little or no permanent damage to the
spacecraft.

The automated equipment and software at the White Sands ground ter-
minal have had reliability problems. Numerous single points of failure in
this equipment and software have led to temporary outages of the entire
terminal, which processes all TDRSS communications. During an outage,
spacecraft that normally use TDRSS must rely on ground stations for all
communications support. NASA is solving the problem chiefly by con-
structing a second TDRSS ground terminal, which is scheduled to open in
1993 at a cost of $427 million.

In 1983, NASA began implementing its space-based TDrss, which allows
earth orbiting user spacecraft to relay their communications through
special TDRSS satellites to a single ground station in White Sands, New
Mexico. Until 1983, NAsA relied chiefly on a worldwide network of
ground stations, called the Ground Spaceflight Tracking and Data Net-
work (Ground Network), to provide all communications, including emer-
gency backup support, for earth orbiting spacecraft. Spacecraft
communications support, whether from the Ground Network or through
TDRSS, includes (1) sending commands to operate the spacecraft and

! According to NASA officials, Goddard is responsible for most earth-orbiting NASA spacecraft
missions.
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NASA’s Emergency
Backup
Communications Plans

maintain its safety and proper functioning, (2) receiving data for track-
ing the exact position of the spacecraft, and (3) receiving scientific data
collected by the spacecraft’s instruments. Such support is essential for
achieving scientific objectives and for executing critical commands that
ensure a safe and successful mission.

TDRSS is a significant technological improvement over the Ground Net-
work because it (1) allows many earth orbiting spacecraft to be in con-
tact with the ground much longer during normal operations and (2) can
handle higher data transmission rates. Low-earth orbiting spacecraft —
those at altitudes of up to several hundred miles — “see” only a small
portion of the earth’s surface at any one time. If no ground station is in
the spacecraft’s view, communication with the earth is not possible.
However, TDRsS satellites are in high earth orbit and can *see’” earth-
orbiting spacecraft below them for much longer periods. Spacecraft need
special communications equipment to use TDRSS. As of March 1989, five
NASA spacecraft, plus the space shuttle, have been equipped to use TDRSS.

Part of the justification for TDRSs was that it would allow NAsa to close
most of its older ground stations. Accordingly, NASA has been phasing
out most of the stations in the old Ground Network as TDRSS was being
deployed. Thirteen Ground Network stations were closed between 1980
and 1985. Four additional stations, at Guam; Hawaii; Ascension Island;
and Santiago, Chile, are scheduled to close by September 30, 1989. This
move is expected to save annual operating costs of close to $7 million
per station. NASA's closure pian is contingent upon TDRSS becoming fully
operational, which depends on the successful on-orbit testing of the
Tracking and Data Relay Satellite-4 (TDRS4) spacecraft launched on
March 13, 1989. Nasa plans to accomplish this testing by the end of June

1989.

After closing these four additional stations, NAsA will provide backup
communications support for spacecraft emergencies from special substa-
tions at three Deep Space Network sites located at Goldstone, California;
Canberra, Australia; and Madrid, Spain; and from three other ground
stations located at Bermuda, Merritt Island, Florida and the Wallops
Flight Facility in Virginia. NasA believes that these six stations will pro-
vide enough global coverage to accommodate emergency backup commu-
nications needs for earth orbiting spacecraft. Based on NASA cost
estimates, these closures can be expected to save about $28 million in
operating costs in fiscal year 1990.
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Concerns About the
Closure Plan

The station closure plan was reviewed and approved within NASA in
1985. Then, in June 1988 as the planned station closings were drawing
near, the Office of Space Operations, which has overall responsibility
for NAsSA communications, asked Goddard Space Flight Center to review
the plan. In August 1988, concerns were raised by officials at Goddard,
which is responsibie for most earth orbiting spacecraft as welil as their
support networks, that the plan might endanger future missions, includ-
ing the Hubble Space Telescope, Upper Atmosphere Research Satellite,
and Cosmic Background Explorer. Project officials estimate the develop-
ment costs of these three future missions at $1.5 billion, $679 million,
and $150 million, respectively. Goddard officials felt that in an emer-
gency these spacecraft would need to rely on support from ground sta-
tions in order to recover from on-board systems emergencies such as
component failures or other malfunctions of on-board systems.

According to Goddard officials, in certain emergencies, a spacecraft can
lose the ability to communicate through Tprss. Therefore, spacecraft
operators must use ground stations to try to return the spacecraft to
normal operations. TDRSS communications generally require that a space-
craft carefully point a specialized antenna at the precise position in the
sky where the TDRSS satellite is located. However, during emergencies, a
spacecraft may lose control of its precise orientation in space or may
adopt a position such that the specialized antenna is not pointing prop-
erly. Ground stations must then be used to communicate with the space-
craft by sending powerful signals to the spacecraft’s backup
omnidirectional antenna. Some currently operational satellites, including
the Earth Radiation Budget Satellite and Landsat-4, have had such
emergencies.

Goddard officials were concerned that fewer stations might mean unac-
ceptably long gaps between the periods when spacecraft would be in
view of a ground station. For example, a gap of 14.8 hours was pre-
dicted for the Hubble Space Telescope, even though the spacecraft had a
specified maximum allowable gap of 9 hours.? In general, longer gaps
result in fewer opportunities to transmit and receive emergency commu-
nications, thus raising the potential risk of spacecraft degradation or
loss. Goddard recommended to the Office of Space Operations that two
of the four stations scheduled to close — the Hawaii and Ascension
Island stations — be kept open on a one-shift, 5-day per week level to

2 According to Goddard, damage to a specific instrument would occur if commands were not relayed
to it within a 9 hour period.
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fill these gaps. (The stations would be on call for emergency backup sup-
port 24 hours per day.)

In a December 1988 letter, the Office of Space Operations asked God-
dard to study this emergency support issue. Specifically, the Office (1)
was concerned because NASA had not budgeted money for operating the
Hawaii and Ascension Island stations in fiscal year 1990 and (2) was
uncertain whether alternatives for providing the necessary support had
been thoroughly considered. Goddard had estimated that it would cost
$10.6 million to keep the Hawaii and Ascension Island stations open dur-
ing fiscal year 1990 on a single-shift, five-day-per-week basis. An addi-
tional $9 million would be needed to perform essential equipment
upgrades to keep the stations operating. The Office asked Goddard to
(1) assess the risk to individual spacecraft projects of closing the ground
stations and (2) provide a funding plan to keep Hawaii and Ascension
Island open within the planned fiscal year 1990 budget if Goddard still
believed that keeping the stations open was necessary.

On January 30, 1989, about five months after raising their initial con-
cern, Goddard reported in a follow-up letter to the Office of Space Oper-
ations that they were planning to proceed with the closing of all four
Ground Network stations because their concerns about future missions
had been lessened. Project managers for the Cosmic Background
Explorer, Gamma Ray Observatory, Upper Atmosphere Research Satel-
lite, and Hubble Space Telescope believed that, based on their knowl-
edge of these spacecraft, the probability of loss or damage to the
spacecraft if the four stations were closed would be extremely low.

First, according to the Hubble Space Telescope and Upper Atmosphere
Research Satellite project managers, the “unacceptable gaps” in cover-
age identified in August 1988 generally would occur only if two mal-
functions happened simultaneously. A failure in the primary TDRsSS
communications system would have to occur, causing the spacecraft to
rely on ground stations for support. Then an unrelated on-board mal-
function would probably have to occur, requiring quick access and reso-
lution. They believed that if no on-board malfunction occurred, the
spacecraft could survive a long coverage gap without permanent loss of
any capability.

Second, the project managers for the future Cosmic Background

Explorer, Gamma Ray Observatory, Upper Atmosphere Research Satel-
lite, and Hubble Space Telescope projects believed that the planned safe-
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hold modes? for their missions would be sophisticated enough to protect
the spacecraft during relatively long periods without contact with the
ground, even if the spacecraft were tumbling. They said that commands
to wake up the spacecraft and diagnose problems could be transmitted
when the spacecraft was over one of the six remaining ground stations.

Project officials said that their position that the probability of loss or

damage to the spacecraft if the four stations were closed would be
extremelv low was based on their nrofessional iudgment. Thev said their
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position was not based on the risk assessments they were asked to per-

form by the Office of annn nmrahnne which were not done. Therefore
AZsiiLL U H\z YV ARLALAL VY AR \JUAI\, ALl ACAUL ,
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In discussions and correspondence with the Office of Space Operations
during 1988, Goddard officials identified two other reasons for retaining
the Hawaii and Ascension Island stations besides support for spacecraft
emergencies. First, certain future earth orbiting spacecraft, known as
Small Explorer class missions, will rely on ground stations for all com-
munications support, including resolution of emergencies, because they
will be too small to warrant the increased project expense and additional
weight of installing TDRSS equipment and using TDRSS. Although some of
these missions could be serviced by the station at Wallops Island, Vir-
ginia, other missions flying in equatorial orbits would not be in view of

any ground stations. Goddard’s January 1989 letter noted that the issue

of eciinnart for future emall enacocraft romained unreanlved
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Second, Goddard officials also said that the Ascension I
would be needed to provide support for launches of e pendable rockets
butﬂ as Ule Ueltd, l lLdIl d.Il(.l Al'ld,Ilt' T Ilt‘ gx OUH(] stat Orl at AbLeIlblOH
Island was most heavily used for that purpose in the past and would
still be required in the future. According to officials of the Office of
Space Operations, NASA is negotiating with the Air Force to continue pro-
viding launch support from Ascension Island; however, plans have not
yet been finalized.

NASA spacecraft generally have “safe-hold” modes of operation designed to protect the spacecraft
when it cannot communicate with the earth.
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Appendix I details NASA's plans for emergency communications support
for earth-orbiting spacecraft and for station closings. It also gives infor-
mation on the need for ground station support for Small Explorer mis-
sions in equatorial orbits and launches of expendable rockets.

Concerns About
Transmission of Scientific
Data From Degraded
Missions

During a spacecraft emergency such as a loss of proper orbital orienta-
tion or a failure within a central on-board computer, NASA’s primary con-
cern is regaining control of the spacecraft. Collection of scientific data is
suspended until normal communications can resume. But, according to
project officials, a failure in the on-board communications system may
permanently prevent a spacecraft from using TDRSS without preventing
on-board instruments from continuing to conduct scientific work. Such a
mission would need continuing, long term communications coverage
from ground stations to transmit its scientific results. The Solar Maxi-
murm Mission had this problem in 1986 when its TDRSS antenna froze in
place and could no longer be pointed at the TDRSS satellites. Ground sta-
tions enabled it to transmit its scientific data back to earth. Project offi-
cials representing some future missions, including the Hubble Space
Telescope and Upper Atmosphere Research Satellite, expressed con-
cerns to us about NASA's position not to provide communications support
for the transmission of scientific data from their missions, should they
lose the use of TDRsS.

According to the Associate Administrator for Space Operations, since
1975 NAsA’s decision has been to provide emergency backup support for
the safety and proper functioning of the spacecraft only and not for the
transmission of scientific data. Instead, some future missions — the
Hubble Space Telescope and Gamma Ray Observatory — will be ser-
viced by space shuttle missions. For example, we were told that TDRSS
communications problems on the Hubble Space Telescope could be fixed
when the telescope is serviced on orbit, or the spacecraft could be
returned to earth for repair and later launch. According to the Associate
Administrator, other missions that are not designed for on orbit servic-
ing may not be able to continue science operations if their TDrss commu-
nications system fails. We asked the Office of Space Operations for

documentation of this decision; however, the Office was unable to pro-
vide any.
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Based on data maintained by NASA between July 1982 and December
1987 (the latest year for which data are available), earth orbiting space-
craft for which the Goddard Space Flight Center was responsible expe-
rienced 316 on-board system malfunctions that required emergency
intervention.* With 11 to 23 spacecraft active during any given year,
malfunctions per spacecraft averaged 2.2 per year. During this five and
a half year period, 3 spacecraft experienced only 1 malfunction each;
the TDRS-1 satellite experienced the highest number of malfunctions,
51; and the Nimbus-7 spacecraft had the second highest number, 35.
According to Goddard's records, most of the malfunctions resulted in
little or no permanent damage to the spacecraft, and Goddard did not
maintain records on the type or amount of ground-based communica-
tions necessary to resolve the problems or the specific ground stations
that were used. More information about past spacecraft emergencies is
contained in Appendix 1.

All transmissions through TDRSS, whether from earth to the TDRSS satel-
lites or vice versa, pass through the White Sands Ground Terminal,
located at White Sands, New Mexico. For this reason, the White Sands
Ground Terminal is critical to the operational reliability of earth orbit-
ing spacecraft that use TDRSS. NASA has encountered problems with the
reliability of the automated equipment and software at the White Sands
terminal. Numerous system outages, lasting from a few minutes to sev-
eral hours or more, have occurred since the White Sands terminal began
operating in 1983. When such a system outage occurred, earth orbiting
spacecraft relied on available NASA ground stations, including those
scheduled for closure, for all communications.

NASA is in the process of constructing a Second TDRSS Ground Terminal at
White Sands in large part because of concerns about the reliability of
the original terminal. The new terminal is scheduled to be completed in
1993. Appendix II contains additional information on the reliability of
the TDRSS White Sands Ground Terminal.

Although Goddard has stated that its concerns about backup communi-
cations support for spacecraft emergencies have been lessened, no
assessments of the risks to individual spacecraft missions from closing

‘Malfunctions for a total of 26 spacecraft are included in this figure. Those 26 spacecraft included 4
TDRSS users, 21 non-TDRSS users, and the TDRS-1 satellite itself, which experienced 51 of the 316
malfunctions.
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Recommendations

Program Officials’
Views

the ground stations have been performed, as requested by NasaA’s Office
of Space Operations. Significant financial investments are being made
for NAsA spacecraft, which dwarf the costs of operating the ground sta-
tions. For example, the Upper Atmosphere Research Satellite is
expected to cost $679 million to develop, the Cosmic Background
Explorer $150 million, and the Hubble Space Telescope $1.5 billion,
whereas the cost of keeping ground stations open is about $7 million per
station per year. Therefore, we believe that NASA needs assurance that
earth-orbiting spacecraft missions will not be exposed to unreasonable
risks due to the closing of the ground stations. To gain this assurance,
specific data about the risks to individual spacecraft missions needs to
be compiled and documented. This data can then facilitate a formal
assessment of risks, as was requested by the Office of Space Operations.

Also, NASA has yet to resolve how to provide communications support
for launches of expendable rockets. Although NAsaA is negotiating with
the Air Force to continue providing launch support for expendable vehi-
cles from the Ascension Island station, plans have not yet been finalized.
Finally, NAsA has not yet determined exactly how communications sup-
port will be provided for future Small Explorer class missions flying in
orbits close to the equator.

We recommend that the NAsA Administrator ensure that (1) appropriate
risk analyses are performed and documented for present and future
earth-orbiting spacecraft missions before the four ground stations
located at Guam, Hawaii, Santiago, and Ascension Island are closed, (2)
plans for support for launches of expendable vehicles are finalized
before the Ascension Island station is closed, and (3) a plan is developed
to provide support for Small Explorer missions in equatorial orbits.

We discussed the contents of this report with the Associate Administra-
tor for Space Operations and other officials from the Office of Space
Operations and the Goddard Space Flight Center. They agreed that the
substance of the report was fairly and accurately represented. The
Associate Administrator stressed that the decision regarding closure of
the ground stations was not driven by budgetary pressures; funds would
have been obtained to retain the ground stations if it were determined
that continued operation was necessary.
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Officials from the Office of Space Operations also told us that the issue
of support for launches of expendable vehicles was being addressed pri-
marily through negotiations with the Air Force to take over and operate
the Ascension Island station. Although this solution had not yet been
finalized, they said the Ascension Island station would not be closed
until some means of continuing support from that location had been
finalized. The officials said they could not make decisions about support
facilities for future Small Explorer missions in equatorial orbits in the
absence of specific support requirements, which are not yet defined for
these missions. They said that as these requirements are defined, they
will be dealt with on a case-by-case basis.

In developing the information for this report, we reviewed official docu-
mentation of NASA’s backup communications plans, conducted technical
discussions with NASA network managers and flight project operations
directors, and analyzed past spacecraft emergencies and on-board sys-
tem malfunctions. We did not independently assess the impact of the
station closings on individual projects. While we did not obtain official
agency comments on a draft of this report, we discussed its contents
with responsible officials in the Office of Space Operations and included
their views where applicable. More details on our objectives, scope and
methodology are discussed in appendix III.

As arranged with your office, unless you publicly release its contents
earlier, we plan no distribution of this report until 30 days after the date
of this letter. At that time, we will send copies to other appropriate con-
gressional committees; the Administrator, NASA; and other interested
parties upon request.

This work was performed under the direction of Samuel W. Bowlin,
Director for Defense and Aeronautics Mission Systems. Other major con-
tributors are listed in appendix IV.

Sincerely yours,

Wﬂ%«,

Ralph V. Carlone
Assistant Comptroller General
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Appendix I

NASA’s Plans for Providing Emergency and
Other Communications Support for Earth
Orbiting Spacecraft

Background

NASA has always relied primarily on ground stations to provide commu-
nications, including emergency support, for its spacecraft. Originally,
three separate networks were built, supporting (1) unmanned satellites
in earth orbit, (2) spacecraft flying beyond earth orbit, and (3) manned
spaceflight missions. On completion of the Apollo lunar landing program
in 1972, the networks supporting unmanned earth-orbiting satellites and
manned spaceflight missions were combined into the Spaceflight Track-
ing and Data Network. In 1983, the deployment of the first Tracking and
Data Relay Satellite System (TDRSS) satellite provided the network with
new capabilities for greater orbital coverage and higher data transmis-
sion rates. Since the introduction of TDRSS, the older ground station net-
work is referred to as the Ground Spaceflight Tracking and Data
Network (Ground Network) to distinguish it from the TDRsS.

NASA currently has three communications systems to meet the needs of
NAsA flight missions. These are the Ground Network, which supports
earth orbital missions; the Deep Space Network, which primarily sup-
ports planetary and interplanetary flight missions; and the Space Net-
work, including the TDRSS, which will provide most low earth orbital
mission support when it becomes fully operational. The functions of
TDRSS and the Ground Network overlap to a large extent, and TDRSS will
take over the bulk of the Ground Network functions after it becomes
fully operational.

The TDRSS will use a set of two active and one spare satellites. The two
active satellites will be located at 41 degrees West Longitude, over the
Atlantic Ocean off the coast of Brazil, and at 171 degrees West Longi-
tude, over the Pacific Ocean southwest of the Hawaiian Islands. The
spare is to be located between the two active satellites. The first TDRSS
satellite, called TDRS-1, was launched in April 1983. A second TDRSS sat-
ellite, TDRS-2, was destroyed in the Challenger accident in January
1986. TDRS-3 was successfully launched in September 1988, followed by

- TDRS-4 on March 13, 1989. Tprs-4 will take the place of TDRS-1, which

will become an on-orbit spare. After the new configuration is tested in
orbit, the TDRSS network will be considered fully operational. This is
expected to occur by the end of June 1989.

TDRSS represents a significant technological improvement over Ground
Network because it allows low earth orbiting spacecraft to be in contact
with the ground for much longer periods of time during normal opera-
tions than the Ground Network. Also, TDRSS is able to accommodate
higher data rates and more efficiently transmit large volumes of data
than the Ground Network. For example, at its highest transmission rate
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Appendix I

NASA'’s Plans for Providing Emergency and
Other Communications Support for Earth
Orbiting Spacecraft

The Role of the
Ground Stations in
Resolving Spacecraft
Emergencies

of 300 million bits per second, the new system can reportedly transfer in
a single second the contents of a 20-volume encyclopedia with 1,200
pages in each volume and 2,000 words on each page. Ground Network
stations, on the other hand, can handle transmissions at speeds no
greater than 1.5 million bits per second.

Ground Network stations can provide low-earth orbiting spacecraft with
communications coverage for only about 15 percent of the time it takes
to orbit the earth. This is because low-earth orbiting spacecraft — those
at altitudes of up to only a few hundred miles — “see” only a small
portion of the earth’s surface at any one time. If no ground station hap-
pens to be in the spacecraft’s view, communication with the earth is not
possible. TDRss, on the other hand, provides coverage for about 85 per-
cent of an average spacecraft’s orbit and could provide continuous cov-
erage for satellites flying higher than 720 miles. This is because TDRSS
satellites fly in a high earth orbit (approximately 22,300 miles) that
keeps them permanently in view of both the ground terminal at White
Sands and most of the surface of the earth. Using TDRSS, spacecraft with
the proper on-board equipment can relay their communications through
the TDRSS satellites to the White Sands terminal.

In certain emergency situations, on-board system malfunctions will pre-
vent a spacecraft that normally communicates through TDRSS from doing
so. Therefore, spacecraft operators must use ground stations to try to
return the spacecraft to normal operations. TDRSS communications gener-
ally require that a spacecraft carefully point a specialized antenna at
the precise position in the sky where the TDRSS satellite is located. How-
ever, during emergencies, a spacecraft may lose control of its precise
orientation in space or may adopt a position such that the specialized
antenna is not pointing properly. In such cases, ground stations must be
used to communicate with the spacecraft by sending powerful signals to
the spacecraft’s backup omnidirectional antenna.

According to a spacecraft project manager, most modern spacecraft are
complex electromechanical systems that are likely to experience some
component failures or other malfunctions during their active life. A mal-
function can often be corrected by commands to work around the prob-
lem or switch to some backup system. Malfunctions in a spacecraft’s on-
board computer, communications equipment, or attitude control system
can jeopardize the future of the mission if not promptly addressed. Fur-
thermore, such malfunctions may prevent the spacecraft from using
TDRSS for communications, if that is the system the spacecraft normally
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NASA's Plans for Providing Emergency and
Other Communications Support for Earth
Orbiting Spacecraft

Past Malfunctions in
Earth Orbiting
Spacecraft

uses. In such emergency cases, ground stations must be used to diagnose
and resolve the problem.

For ground stations to be able to assist low-earth orbiting spacecraft in
emergencies, they must be located within a current or upcoming track of
the malfunctioning spacecraft’s orbit. Otherwise, the ground stations
cannot “‘see” the spacecraft, which is hidden by the curvature of the
earth. Eventually, most spacecraft will fly over many points on the
globe; however, it may take many hours for a spacecraft to fly over any
given location. According to the ground networks director, the more
ground stations that are scattered across the globe, the better the
chances that some of those stations will be located in the spacecraft’s
current or upcoming track. In some cases, particularly for spacecraft
flying in an orbit close to the equator, ground stations located in a much
higher or lower latitude may never be visible to the spacecraft.

Based on data maintained by NAsA between July 1982 and December
1987 (the latest available data), earth orbiting spacecraft for which the
Goddard Space Flight Center was responsible experienced 316 on-board
system malfunctions that required emergency intervention.! With 11 to
23 spacecraft active during any given year, malfunctions per spacecraft
averaged 2.2 per year. During this five and a half year period, 3 space-
craft experienced 1 malfunction each; the TDRS-1 spacecraft expe-
rienced the highest number of malfunctions, 51; and the Nimbus-7
spacecraft had the second highest number, 35. According to Goddard’s
records, malfunctions occur in many spacecraft subsystems, including 1)
attitude control and stabilization, 2) power, 3) propulsion, 4) structure/
mechanical, 5) telemetry and data handling, 6) thermal, 7) timing, con-
trol and command, and 8) payload instrument. Goddard classified the
severity of the malfunctions by their final impact on continuing space-
craft operations. Table 1.1 shows Goddard’s classification of the number
and severity of earth orbiting spacecraft malfunctions during the period
from July 1982 through December 1987.

! Matfunctions for a total of 26 spacecraft are included in this figure. Those 26 spacecraft included 4
TDRSS users, 21 non-TDRSS users, and the TDRS-1 satellite itself, which experienced 51 of the 316
malfunctions. .
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Table 1.1: Number and Severity of
Spacecraft Malfunctions, July 1982
Through December 1987

Degree of Impact on Operations Number of maifunctions
Negligible (0 - 5 percent loss) 162
Minor (5 - 33 percent loss) 131

Substantial (33 - 66 percent loss) 17

Major (66 - 95 percent loss) 4
Catastrophic (95 - 100 percent loss) 22
Total 316

aThe Geostationary Operational Environmental Sateliite-1 spacecraft was deactivated after a failure in
February 1985, and the National Oceanic and Atmospheric Administration-8 spacecraft faiied in Decem-
ber 1985.

Goddard’s classification of the severity of spacecraft malfunctions only
takes into account the malfunction’s final impact on the spacecraft.
According to a Goddard spacecraft project manager, many of the mal-
functions that have occurred on earth orbiting spacecraft could have
been more serious if ground stations were not available to allow space-
craft operators to resolve the problem. However, Goddard does not
maintain records indicating the type and/or amount of communications
support that was required to resolve these problems or the ground sta-
tions that were used. Following are examples provided by flight project
officials in which rapid ground-based communications were used in
resolving spacecraft malfunctions.

Earth Radiation Budget
Satellite

In July 1987, the Earth Radiation Budget Satellite lost attitude control
while operators were attempting to turn the spacecraft so that its solar
panels would continue to face the sun. The spacecraft began to spin, or
tumble, in orbit. Because of the tumble, stabilizing commands could not
be transmitted through TDRSS, since the spacecraft’s specialized antenna
needs to be pointed directly at the TDRSS satellite to form a communica-
tions link. But ground stations could transmit strong signals to the
spacecraft’s emergency omnidirectional antenna, which does not require
pointing to transmit and receive signals. The spacecraft was visible to
several ground stations, including Merritt Island, Hawaii, Guam, Santi-
ago, and the three Deep Space Network sites during the emergency (see
Figure 1.1 for locations). Coverage from these stations was used first to
diagnose the problem and then to send up commands to fix it. As a
result, the spacecraft was recovered with no permanent loss of
capability.
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Landsat-4

The Landsat-4 spacecraft experienced a similar loss of attitude control
in April 1985 when an on-board earth sensor began transmitting errone-
ous information. Landsat-4 also began to tumble, prohibiting use of its
TDRSS antenna. According to the Landsat operations director, ground sta-
tions at Hawaii, Guam, Ascension Island, Merritt Island, Bermuda,
Madrid, and Canberra were used to diagnose the problem and transmit
commands to deactivate the erroneous sensor. The operations director
said that the availability of ground stations offering wide global cover-
age was crucial to resolving this problem.

Other Ground Station
Intervention

NASA'’s Ground
Station Closure Plan

In addition to loss of attitude control, other problems such as a malfunc-
tion in the on-board computer or an irregularity in the power supply can
cause a spacecraft to go into a dormant or ‘“‘safe hold” mode, requiring
ground station intervention to recover. The safe hold mode generally
shuts down scientific experiments, but it protects on-board power
sources and other systems so that the spacecraft can wait for relatively
long periods of time, until ground stations are able to issue commands to
revive the spacecraft and diagnose any remaining problems. Older mis-
sions, such as Landsat-4 and Landsat-5, are susceptible to occasional on-
board computer malfunctions when cosmic rays striking the spacecraft
cause the computer’s memory to be altered. The alterations have the
potential to activate erroneous commands. Resolution of the problem
involves transmitting the contents of the computer’s memory to the
ground, analyzing it for errors, and then reloading corrected software
into the computer via transmission from ground stations.

The current network of NASA ground stations, shown in Table 1.2, pro-
vides backup communications support to TDRSS-oriented spacecraft
when they experience emergencies that prohibit TDRSS communications.
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Table 1.2: Status of NASA Ground
Stations as of March 1989

([
Ground Network Stations

Ascension Island to be closed 9/89
Santiago to be closed 6/89
Guam to be closed 6/89
Kaui, Hawaii to be closed 9/89
Bermuda open indefinitely
Merritt Island, Florida open indefinitely
Dakar, Senegal to be closed 19912

Deep Space Network Stations

Goldstone, California * open indefinitely
Madrid open indefinitely
Canberra open indefinitely
Other

Wallops Island, Virginia open indefinitely

3This special purpose station is designed to support orbital insertion of the space shuttle. The Office of
Space Flight negotiated with the Office of Space Operations to keep this station open until 1991 as a
backup in case of an outage of the TDRSS White Sands Ground Terminal.

NAsA has been planning to close most of its ground stations once TDRSS
becomes fully operational. Thirteen Ground Network stations were
closed between 1980 and 19852 . Four of the remaining Ground Network
stations, located at Guam, Hawaii, Ascension Island, and Santiago are
scheduled to be closed by September 30, 1989. NASA’s plan to close them
is contingent upon successful on-orbit testing of the TDRsS satellite
launched by the space shuttle Discovery on March 13, 1989. On-orbit
testing is expected to be completed by the end of June 1989.

The Bermuda and Merritt Island stations, scheduled to remain open
indefinitely, are permanent facilities that support launches of the space
shuttle. According to NASA officials, the Dakar station, currently in care-
taker status, is a temporary station used as backup communications
support during insertion of the shuttle into earth orbit. The Dakar sta-
tion is scheduled to be closed in September 1990.

NASA's primary reason for closing the ground stations is that they are no
longer needed for routine communications services for low earth orbiting
spacecraft. Also, closing the stations saves the expense of operating

2The stations, in order of closing, were located at Winkfield, England; Rosman, North Carolina; Hon-
eysuckle Creek, Australia; Madrid (Cebreros), Spain; the Pioneer site at Goldstone, California; Quito,
Ecuador; Tula Peak, New Mexico; Buckhorn, California; Fairbanks, Alaska; Botswana; Orroral Valley,
Australia; Madrid (Fresnedillas), Spain; and Greenbelt, Maryland.
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Figure 1.1: NASA Controlled Ground Stations
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and maintaining them and providing expensive communications links to
these sites around the world. Currently, these costs amount to approxi-
mately $4 - 7 million per station. After the four Ground Network sta-
tions are closed, NASA plans to provide emergency backup
communications support from the 26-meter antenna substations at the
three sites of the Deep Space Network, located at Goldstone, California;
Canberra, Australia; and Madrid, Spain; as well as from the Bermuda
and Merritt Island, Florida Ground Network stations and the ground sta-
tion at Wallops Island, Virginia. The Wallops station will also support
several specific spacecraft missions, including International Ultraviolet
Explorer, Cosmic Background Explorer, Nimbus-7, and Interplanetary
Monitoring Platform-8.

\
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Nasa believes that these stations will provide sufficient global coverage
to accommodate emergency backup communications needs for earth
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orbiting spacecraft. Based on cost estimates provided by Goddard, clo-
sure of the four stations can be expected to save NASA close to $28 mil-
lion in operating costs in fiscal year 1990. Fiscal year 1989 and 1990
costs for each of the stations planned to be closed, as estimated by God-
dard, are shown in Table 1.3. The Office of Space Operations confirmed
that these estimates are valid approximations of the costs of keeping the
stations open at their current operating levels.

Table 1.3: Estimated Operating Costs of
Ground Stations Slated to Be Closed

]
Dollars in millions

Fiscal years
Station to be closed 1988 . 1990
Ascension Island $7.29 $7.58
Santiago, Chile 7.33 762
Guam 7.10 7.38
Kaui, Hawaii 4.96 516
Total $26.68 $27.74

Concerns Raised About the
Closure Plan

The plan to close the Ground Network stations at Guam, Hawaii, Ascen-
sion Island, and Santiago was reviewed and approved within NAsA in
1985. However, the station closures were delayed for more than three
years due to the moratorium on shuttie flights after the Challenger acci-
dent, since TDRSS satellites can only be launched from the space shuttle.

In June 1988, as the closure decision was again drawing near, NASA's
Office of Space Operations, which has overall responsibility for NAsA
communications, asked for a current assessment of the station closure
plan from the Goddard Space Flight Center, which manages all of NASA’s
earth-orbiting spacecraft missions as well as the communications net-
works that support them. At that time, Goddard raised concerns about
the closure plan. In an August 1988 response to the Office of Space
Operations request, the Director of the Goddard Space Flight Center
stated that continued availability of the Ground Network stations at
Kaui, Hawaii and Ascension Island would be required to provide emer-
gency support for earth orbiting spacecraft. Goddard recommended that
these two stations be kept open indefinitely on a reduced operating
schedule to accommodate the safety and proper functioning of several
specific missions. The Goddard recommendation was based chiefly on
the concern that the six remaining ground stations would not offer
enough coverage to provide for the safety and proper functioning of cer-
tain satellites.
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Specifically, Goddard presented data showing that the remaining sites
would not provide sufficient ground station coverage for the Hubble
Space Telescope, Upper Atmosphere Research Satellite, Cosmic Back-
ground Explorer, and other missions. The adequacy of coverage was
expressed in terms of the length of the gaps that would occur between
times that a spacecraft would be in view of one of the six remaining
ground stations. For example, Goddard calculated that the maximum
allowable communications gap for safety and proper functioning of the
Upper Atmosphere Research Satellite, which, according to a project offi-
cial, is expected to cost $679 million to develop, would be six hours. In
other words, the spacecraft could survive for six hours between the time
it lost contact with one ground station and the time it came into view of
another. During that time, the spacecraft’s safe hold mode would protect
on-board power sources and other systems until ground stations were
able to issue commands to revive the spacecraft and diagnose any prob-
lemus. However, Goddard predicted a possible gap, after the Ground Net-
work station closures, of 9.6 hours. Goddard felt that if TDRSS
communications were unavailable and a spacecraft malfunction
occurred during that gap, spacecraft problems could result, due to the
inability of operators to access the spacecraft within six hours.

In another example, the Hubble Space Telescope, which cost $1.5 billion
to develop, according to a project official, had a maximum allowable gap
of 9 hours and a predicted gap of 14.8 hours if the stations were closed.
Permanent damage to one of the spacecraft’s instruments could result if
it malfunctioned and was not serviced by ground operators within 9
hours. Coverage gaps were also identified for the Cosmic Background
Explorer, which cost $150 million, and the Earth Radiation Budget Sat-
ellite, costing $44 million, according to project officials. According to
Goddard documents, keeping the Hawaii and Ascension Island stations
open would reduce these maximum gaps to very close to or less than the
specified maximum allowable gaps. This is because the stations would
break up large gaps in global coverage over the Pacific and Atlantic
Oceans.

The Goddard associate chief for ground networks told us that the data
they used was based on the findings of a special task force that was
convened by the Office of Space Operations in September 1987 and
made up of representatives from Goddard, the Jet Propulsion Labora-
tory, and the Ames Research Center. That task force, which was
chartered to determine the feasibility of developing low-cost, modular-
ized ground stations, concluded in December 1987 that NASA’s station
closure plan was flawed because of coverage gaps that threatened the
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safety and proper functioning of low earth orbiting spacecraft. The task
force recommended retaining capability at Guam and Ascension Island,
using a new low-cost ground station architecture. According to an Office
representative, the Office of Space Operations chose not to act directly
on the task force's findings. Instead, as discussed above, in June 1988
the Office asked Goddard to provide a current assessment of the station
closure plan.

Two additional concerns regarding closure of the Hawaii and Ascension
Island stations were raised by Goddard during meetings with the Office
of Space Operations. Specifically, Small Explorer class spacecraft, for
which TDRSS communications are not feasible, would require ground sta-
tion support on a routine basis. Also, the Ascension Island station would
be needed to provide support for launches of expendable vehicles.

The Office of Space Operations asked Goddard in November 1988 to
study further the emergency support issue. The Office was concerned
that money had not been budgeted for operating the Hawaii and Ascen-
sion Island stations in fiscal year 1990 and questioned whether alterna-
tives for providing the necessary support had been thoroughly
considered. In further correspondence with Goddard in December 1988,
the Office of Space Operations requested that Goddard perform risk
assessments of the effect of closing the ground stations on individual
spacecraft projects and that they develop a plan for providing for the
continued funding of the two stations in fiscal year 1990 if they still felt
that retaining the stations was necessary. Goddard had estimated that it
would cost $10.6 million to keep the Hawaii and Ascension Island sta-
tions open during fiscal year 1990 on a reduced single-shift, five-day-
per-week schedule, plus an additional $9 million to perform essential
equipment upgrades to keep the stations operating.

In January 1989 Goddard reported to the Office of Space Operations
that their concerns had been lessened. Project managers for certain
future missions, including the Cosmic Background Explorer, Gamma
Ray Observatory, Upper Atmosphere Research Satellite, and Hubble
Space Telescope, expressed the belief that, based on their knowledge of
the spacecraft, the probability of loss or damage to the spacecraft due to
the lack of the closed stations would be extremely low for several
reasons.
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First, according to the Hubble Space Telescope and Upper Atmosphere
Research Satellite project managers, the ‘““‘unacceptable gaps” in cover-
age identified in August 1988 generally would occur only if two mal-
functions happened simultaneously. First a failure in the primary TDRSS
communications system would have to occur, causing the spacecraft to
rely on ground stations for support. Second, an unrelated malfunction
would probably have to occur on-board the user spacecraft that would
require quick access and resolution. They believed that if no on-board
malfunction occurred, the userspacecraft could survive a long coverage
gap without permanent loss of any capabilities.

Second, the project managers for the future Cosmic Background
Explorer, Gamma Ray Observatory, Upper Atmosphere Research Satel-
lite, and Hubble Space Telescope projects believed that the planned safe-
hold modes for their missions would be sophisticated enough to protect
the spacecraft during relatively long periods without contact with the
ground, even if the spacecraft were tumbling. They said that commands
to “wake up” the spacecraft and diagnose problems could be transmit-
ted when the spacecraft was over one of the six remaining ground
stations.

These officials said that this opinion was based on their professional
judgment about the survivability of their spacecraft rather than the risk
assessments they were asked to perform but had not done. Goddard offi-
cials said the support requirements of the four spacecraft currently
using TDRss (Earth Radiation Budget Satellite, Landsat-4, Landsat-5, and
Solar Mesosphere Explorer) were not taken into account in preparing
the January 1989 position because all four have already outlived their
designed lifetimes. Since their concerns had been lessened, Goddard
reported that they were planning to proceed with the closing of all four
of the Ground Network stations. However, Goddard noted that the issue
of support for future small spacecraft and launches of expendable vehi-
cles remained unresolved.
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Goddard officials told us that some type of ground station support will
be needed in the future for spacecraft that are not designed to use TDRSS.
Certain earth orbiting spacecraft, known as Small Explorer class mis-
sions, will rely on ground stations for all of their communications sup-
port, including resolution of emergencies, because they will be too small
to warrant the expense and weight of installing equipment for using
TDRSS. A NASA “‘announcement of opportunity” ® for its Small Explorer
class missions instructs planners for such missions to assume they will
only be able to communicate with their spacecraft for one or two passes
per day while the spacecraft is over Wallops Island, Virginia. In the Jan-
uary 1989 response to the Office of Space Operations, Goddard pointed
out that certain types of missions, flying in orbits close to the equator,
will not be able to make use of the Wallops Island station. Goddard
noted that when equatorial spacecraft become part of the complement,
support from additional locations will be required. Officials from the
Office of Space Operations said they would address support require-
ments for these future missions once their specific requirements are
defined.

Also, some type of ground station support will be needed to provide
communications support for launches of expendable vehicles, such as
the Titan, Delta and Ariane rockets. The Bermuda and Merritt Island
Ground Network stations, which NAsA plans to retain indefinitely, pro-
vide this kind of support for launches of the space shuttle. However,
Goddard pointed out that launches of several NASA missions in 1990 and
1991 as well as future Nasa medium launch vehicles will also require
communications support to monitor the performance of these launch
vehicles. In addition, launches of approximately 28 Department of
Defense, commercial, and foreign vehicles annually will require real
time communications support. Goddard has stated that the Ascension
Island location, where one of the stations scheduled to be closed is
located, was most heavily used for this type of support, and that sup-
port from this geographic location will still be required in the future. As
of January 1989, Goddard reported that it was not clear how such sup-
port would be provided once the NASA Ascension Island station was
closed.

When asked how NasA planned to provide this support, officials from
the Office of Space Operations told us they were addressing the problem

The announcement of opportunity was a request for basic research proposals to conduct space sci-
ence investigations within the context of the Explorer program.
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Concerns About
Transmission of
Scientific Data From
Degraded Missions

primarily through negotiations with the Air Force to take over and oper-
ate the Ascension Island station. However, as of March 1989, this solu-
tion had not yet been finalized.

NASA officials said that during a spacecraft emergency such as a loss of
attitude control or an on-board computer failure, their chief concern is
regaining control of the spacecraft. Collection of scientific data is sus-
pended until normal communications, possibly through TDRsS, can
resume. However, according to project officials, it is possible that a
spacecraft could experience a failure in its on-board communications
system that permanently prevents it from using TDRSS for scientific data
transmission but does not prevent it from continuing to conduct its sci-
entific missions. Such a mission would need continuing communications
coverage from ground stations in order to carry out its scientific work.

Of the five satellite missions that have used TDRSS since 1983, one has
ailready experienced this problem. The Solar Maximum Mission satellite,
which is used to examine solar flares and their effect on the earth, expe-
rienced such a problem in February 1986 when the antenna it was using
for TDRSS communications froze in a fixed position and could no longer
be pointed directly at TDRSS. As a result, data and commands since that
time have been relayed through ground stations using the spacecraft’s
omnidirectional antenna. According to a project official, all available
ground stations, including both Ground Network and Deep Space Net-
work sites, have been used, with the Guam (Ground Network) station
being used most frequently. The spacecraft’s orbit has degraded natu-
rally over time, due to atmospheric drag, and the spacecraft is expected
to reenter the earth’s atmosphere in December 1989. However, the pro-
ject’s director said that if the Solar Maximum Mission were to continue
operations, the planned Ground Network station closings would reduce
the amount of scientific data recoverable from the mission by 60
percent.

A spacecraft’s TDRSS communications system also potentially can fail if
the signal amplifiers associated with the TDRSS antenna degrade with
use. For example, the operations director for the Landsat missions,
which provide detailed images of the earth’s surface to commercial
users, said that these signal amplifiers have only lasted from nine
months to two years. According to this official, the Landsat-4 spacecraft
has both a prime and a backup amplifier for TDRSS communications. One
of these has failed, and the remaining amplifier has approximately two
to three years of service left. Once it is gone, transmission through TDRSS
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will no longer be possible. The Landsat-5 spacecraft’s prime amplifier
has also failed, with a backup amplifier now performing erratically. The
Landsat operations director said that the potential for failures in on-
board TDRSS communications equipment was another reason why a
ground-based backup communications system offering wide global cov-
erage is needed. In his opinion, stations at Hawaii and Ascension could
significantly add to the probability that ground stations will be available
in the proper locations to provide emergency backup communications
support.

Project officials of some future missions, such as the Hubble Space Tele-
scope and Upper Atmosphere Research Satellite, are also concerned
about this problem because NASA’s position is not to provide for ongoing
ground-based communications, including the transmission of scientific
data, in the event that TDRSS communications become impossible. NASA
documents defining communications support services for spacecraft
missions specifically exclude capture of scientific data from the services
to be provided during an emergency. The Deep Space Network ground
stations will provide only “health and safety” backup communications
support for spacecraft experiencing emergencies, according to these doc-
uments. Such support is envisioned to last one or two days; there is no
pre-arranged provision for long term support, including transmission of
scientific data.

A June 1988 study by the Jet Propulsion Laboratory shows that the 26-
meter antenna system at the Deep Space Network sites that would pro-
vide emergency support to earth orbiting spacecraft is already heavily
loaded with normal support requirements for other earth orbiting mis-
sions. These normal support requirements plus a 10 percent reserve to
support spacecraft emergencies account for more than 90 percent of the
system’s capacity. Goddard officials stressed that, in an emergency, a
spacecraft experiencing problems will be given the first priority for use
of communications systems. Officials at both Goddard and the Office of
Space Operations confirmed that, even if these antenna systems were
designated to provide longer term scientific data support, there would
be little or no capacity to receive transmissions through this antenna
system without pre-empting support that has already been allocated to
other missions.

The Associate Administrator for Space Operations said that since 1975
NASA’s decision has been to provide emergency backup support for the
safety and proper functioning of the spacecraft only and not for the
transmission of scientific data to the ground, since operating both a
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space-based network and a ground network would be too expensive.
Instead, some future missions — the Hubble Space Telescope and
Gamma Ray Observatory — will be serviced by space shuttle missions.
For example, the Hubble Space Telescope is scheduled to be periodically
serviced on orbit, and an on-board TDRSS communications problem could
be fixed at that time, or the spacecraft could be returned to earth for
repair and launched again at a later date. According to the Associate
Administrator, other missions that are not designed for on orbit servic-
ing may not be able to continue science operations if their TDRSS commu-
nications system fails. We asked the Office of Space Operations for
formal documentation of this decision, however the Office was unable to
provide any.
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All transmissions to and from the TDRSS satellites pass through the
White Sands Ground Terminal in New Mexico. The region’s dry climate
and sparse rainfall favors heavy electronic traffic. The terminal began
operating in 1983 with the launch of the first TDRSS satellite.

NASA has encountered problems with the reliability of the automated
equipment and software at the White Sands terminal. Numerous system
outages, lasting from a few minutes to several hours or more, have
occurred since the White Sands terminal began operating in 1983. When
such a system outage occurred, earth orbiting spacecraft had to rely on
ground stations for all communications.

We reviewed various types of statistical data that NAsA has collected rel-
ative to the reliability of the TDRSS White Sands Ground Terminal, How-
ever, none of the available data appeared to give an accurate portrayal
of the reliability of the station. Also, some of the data was not available
for the first three years of the terminal’s operation, 1983 - 1986.

TDRSS program officials believe the design of the terminal, which allows
for numerous single points of failure, increases the risk of a system out-
age. A single point of failure is any subsystem or component which, if it
fails, causes the entire system to fail. Single points of failure exist
throughout the computer and communications systems and can be
caused by hardware or software failures as well as operator errors or
environmental factors.

NASA officials report that the White Sands terminal has tended to be
unavailable for 3 to 4 hours a month due to failures within the computer
systems at the terminal. According to TDRSS officials, failures requiring a
restart of the central computer system result in outages of at least 15
minutes. Other types of failures, that require a resynchronization of the
entire network at the terminal, result in 45 to 60 minute outages.

NASA is in the process of constructing a Second TDRsS Ground Terminal at
White Sands in large part because of concerns about the reliability of
the original terminal. The second terminal will provide a backup to the
existing terminal and eliminate it as a single point of failure. When the
second terminal is complete, the original terminal will be completely
overhauled to be identical with the new terminal. The second terminal is
scheduled to be-completed in 1993, at a cost of approximately $427 mil-
lion. Because it is investing heavily in the second terminal, NASA is not
planning major upgrades of the existing terminal before that time. How-
ever, officials of the Office of Space Operations said they intended to
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spend approximately $2 million each year on minor upgrades to the
existing terminal until shortly before the new terminal opens.

A Shuttle official said that the Office of Space Flight is concerned that

aoammiminatinng ha availahla Anring tha sriticral fima whon tha Qhuttla i
COMUNUIUCaUUIS O avValiaoi© QUIig i CiiCar (UNC WiACH uid Siiiluud is

inserted into earth orbit. Because of concerns about the reliability of the
White Sands terminal, which directly affect the availability of TDRSS,
NASA has determined that the ground station at Dakar, Senegal should be
kept open to provide backup support for Shuttle orbital insertion. The
Dakar station is currently scheduled to remain open through fiscal year
1990. Officials at the Goddard Space Flight Center have concurred with
the assessment that the ground station at Dakar, Senegal should be kept
open until that time to support the shuttle.
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The House Committee on Science, Space, and Technology, Subcommittee
on Space, Science, and Applications asked us on November 7, 1988 to
report on NASA’s plans for providing emergency communications support
for earth-orbiting spacecraft, including information on spacecraft emer-
gencies that have occurred that required backup communications sup-
port over the past few years and the reliability of the TDRSS White Sands
Ground Terminal.

To accomplish these objectives, we obtained official documentation of
NASA's emergency backup communications support plans both for space-
craft emergencies and TDRsS failures and discussed this information with
representatives from Goddard Space Flight Center’s Networks Division
as well as individual spacecraft projects. Specifically, we discussed sup-
port requirements with representatives from the Hubble Space Tele-
scope, Landsat, Upper Atmosphere Research Satellite, Solar Maximum
Mission, Earth Radiation Budget Satellite, Cosmic Background Explorer,
and Space Shuttle projects. We also obtained and analyzed historical
data concerning spacecraft emergencies that occurred between 1982 and
1987. We visited the TDRSS White Sands Ground Terminal and reviewed
technical data on the reliability of the TDRsS White Sands Ground Termi-
nal in order to obtain information on TDRSS network outages. We did not
independently verify NASA’s cost estimates for developing future space-
craft, implementing alternative backup support options, or operating
and upgrading existing ground stations. We also did not attempt to inde-
pendently assess the impact of the station closings on individual
projects.

In performing these tasks, we interviewed NAsA officials at NASA head-
quarters in Washington, D.C., Goddard Space Flight Center in Greenbelt,
Maryland, the Goldstone Deep Space Complex in Goldstone, California,
the Jet Propulsion Laboratory in Pasadena, California, and the TDRSS
White Sands Ground Terminal in Las Cruces, New Mexico. We per-
formed our work between November 1988 and March 1989, in accord-
ance with generally accepted government auditing standards.
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Technology Division, John A. de Ferrari, Evaluator-In-Charge
. Ronald W. Beers, Adviser
Washmgton, DC Janice D. Troupe, Evaluator

. Allan Roberts, Regional Assignment Manager
LOS. Angeles Reglonal Ralph H. Hamilton, Evaluator
Office
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Requests for copies of GAO reports should be sent to:

U.S. General Accounting Office
Post Office Box 6015
Gaithersburg, Maryland 20877

Telephone 202-275-6241

The first five copies of each report are free. Additional copies are
$2.00 each.

There is a 25% discount on orders for 100 or more copies mailed to a
single address.

Orders must be prepaid by cash or by check or money order made
out to the Superintendent of Documents.






