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DEFINITION

The Naticnal Reronautics ané Space Administration's major manned progranm
of the post-&pollo era is the development of a space transportation system
(STS) based on a reusable space shuttle launch vehicle. Funded since FY71,

the shuttle program is coming to fruition: the space shuttle successfully
completed its series of four test flights on July 4, 1982. The first
operationeal fliqﬁt was successfully completed in November 1982. The next

shuttle flight has been delayed because o©f leaks in one ©f the orbiter's main
engines. NASLZ hopes to be ready for launch on Apr. 4, 1883.

Total estimated costs for research, development, test, and evaluation of
the shuttle are expected to be $18.030 billion in FYB83 dollars. The original
estimate for the shuttle program was $5.15 billion in 1971 dollars. If
deescalated to 1271 dollars, the current estimated cost of the shuttle
procram is $6.748 billion, an increase of 31%.

Although the shuttle is being cdeveloped by NASA2, the Defense Department
nas played a role in designing the shuttle since the beginning of the program
because it will be a prime shuttle user. In addition to providing input to
the shuttle's design, DOD is developing the inertial upper stage (1vUs) for
the shuttle, and constructing shuttle launch facilities at vanéenberg EiY
Force Base.

Major shuttle issues before the Congress include: ccst overruns, schedule
slippages, andc NASAR shuttle program management; the Centaur vs. the IUS as an
upper stage; transition from expendable launch vehicles to the shuttle; how
many shuttle orbiters to build; who should ultimately own and operate the
shuttle; and shuttle pricing policy.

BACKGROUND AND POLICY ANALYSIS

This section of the issue brief is divided as follows:

SPACE SHUTTLE PROGRAM
The Space Transportation System
Description of the Space Shuttle
The Orbiter
Launch ané Landing Sites
Approach and lLanding Tests
Orbital Flight Tests
OCperational Shuttle Flights
MILITARY IMPLICATIONS OF SHUTTLE
SOVIET REACTION TO SHUTTLE
NASA FUNDING
FYB3
FYg4
DOD FUNDING
ISSUES FOR CONCERN IN THE 97TH CONGRESS
Cost Overruns/Schedule Slippages/NASA Program Management
Vandenberg AFB Preparations
Number of Shuttle Orbiters
Ownership and Operation of the Space Shuttle
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Shuttle Upper Stage ~- IUS or Centaur
Corntinuing Need for Expendable Launch Vehicles
Shuttle Pricing FPolicy

SPARCE SHUTTLE PROGRAX

The Space Transportation System

The concept ¢f a reusable space vehicle has existed at least since the

15840s. However, this concept was shelved during the 1950s and 1860s because
the early develgpment ©f the space program was closely linked to the military
ballistiC rocketr program and the pressure ¢f the "space race" did not permizt
& redirection in basiC concepts. The climate of public opinion wi<th regard
tc the space program cooled drastically after the successful moon landing in
1%g€¢, and since that time cost has been a primary consideration in future
space planning. In this changed climate, NASA's long-range plans have been
sharply scaled down, and ambitiols projects such as manned Mars expeditions
and permanent space stations have pbeen indefinitely postponed. The space
shuttle emercgced as the chief hope fcor maintaining & mearningful stace procram
LDecause of the savings it promised in th cost of space operations and most
future space activities are predicated on the availability of & space
transport vehicle which can deliver payvlocads into Earth orbit.

The term "space transportation system" (8TS) has come to Dbe used
interchangeably with the term "space shuttle,”™ although the shuttle 4is only

cne element of the system. As originally envisioned, STS would have involved

fully reusable space shuttle, units such as Spacelab which are carrieé irn
he shuttle cargo bay, & variety of reusable and expencdable upper stages to
take payloads into orbits higher than those which <he shuttle c¢an access
cirectly, and auxiliary power supplies to permit the shuttle to remain in
orbit for longer periods cf time and to provide electrical power for
experiments. During the early phase of STS discussions, plans also existed
for pbuilding a permanent earth orbiting space station which would be serviced
by the shuttle.

t+ ¢t

As budget constraints within NASA increased, however, the scope of STS
diminished to where it is now only the shuttle (and units like Spacelad which
fit into it) and a variety of expendable upper stages. The fully reusable

shuttle concept was dropped in 1971 because of budget concerns, and a
partially reusable system (described below) was Substituted. President Nixon
gave the go-ahead for the current shuttle system in January 1872.

The remaining STS elements may be developed in the future, but this
depends upon budgets ané needs. Without auxiliary power supplies, the
shuttle can only remain in orbit for 7-10 days, and limits are placed on the
number and kind of experiments that can be conducted (materials processing
exXxperiments, for example, reguire large supplies of electrical power) .
Although space station plans were deferred during the 1870s, NASA is now
strongly recommending that such a program be the Nation's next major space
goal. Availability ¢f a space station could decrease the need for auxiliary
shuttle power sources.

Plans have also been deferred for developing reusable upper stages such as
the Space Tug and Orbital Transfer Vehicle, and for units such as & remotely
controlled Teleoperator Retrieval System. If a strong need is perceived for
such capabilities, NASA, DOD, or private industry may develop them.
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Description ©f the Space Shuttle

l1ly reusable shuttle consists ©f & manned orkiter vehicle, an
opellant tank (referred +to as +the eXxXternal tank), ané =wo
*ecoverab e sclid-fueled booster rockets. The shuttle is launched by use of
the solid-fueled rockets together with liquid-fueled engines on the orbiter,
which are fed from the external tank. The solid rocket casings are
rarachuteéd back to Earth and land in the ocean to be recovered and reused.
The empty exXternal tank, when released, breaks up and is partially destroyed
by heat as it re-enters the atmosphere. The remaining pieces fall into the
Indian Ocean (after a launch from the Kennedy Space Center) or the South
Pacific Ocean (for launches from Vandenberg Air Force Base).

The Orbiter. The orbiter, which resembles an airplane, is designed to
carry up to 65,000 pounds (29,545 kilograms) into Earth orbit (185-1110 Xm or
100~-600 nautical miles). The shuttle will routinely carry a crew of three to
seven persons (although the first four missions had & crew of two), Plus a
payload such as & satellite to be placed in Earth orbit. For some missions,
the payvload will :include a pressurized space labocratory, "Spacelab," which
has been developed by ten European nations at their expense and will be used
to conduct experiments in the orbiter payload bay. When the mission cf the
shuttle is completed, the orbiter returns toc Eartih and lands horizontally
like an airgplane, bringing back to Earth the Spacelad or other payloads in
its cargo bhay. The shuttle is designed to stay in orbit for 7-10 days,
although there are adequate supplies to provide for contingencies which might
force a mission tc be extended.

NASA has been authorized to construct four flight-worthy space shuttle
orbiters (Orbiter 101 will not be used for space flights). Debate over
whether a fifth shuttle orbiter will be needed to accommodate all potential
shuttle users through the rest of this decade has continued for many Vvears,
and has yet to be resclved. The autheorized shuttle orbiters have both
numbers and names as follows: Orbiter 101 (Enterprise); Orbiter 102
(Columbia); Orbiter 099 (Challenger); Orbiter 103 (Discovery); and Orbiter
104 (Atlantis). Rockwell International is +the prime contractor for the
orbiters.

Orbiter 101 was used for the approach and landing tests described Dbelow,
but will not be used for space flights because it is overweight;
reconfiguration for flight appears to be prohibitively eXxpensive. Orbiter
101 is currently at Rockwell's Palmdale, Califeornie, facility where the
orbiters are constructed, and it is being used for spare parts for Orbiters

103 and 104. It may also be used to test the launch facilities an Vandenberg
AFB.

Orbiter 102 was used for the four crbital test flights and the first

cperational flight. It is now being refurbished andg slightly modified for
future flights.

Orbiter 0%9, formerly designated the Structural Test Article, was
originally designed soclely for ground testing. It has Dbeen converted to
flight configuration, and will be the second orbiter into space. Cnallenger

was delivered to NASA's Kennedy Space Center on July 5, 1982, and will make
its first spaceflight in 1983.

Production of lcong lead items for Orbiters 103 and 104 has started, with
plans currently calling for these orbiters to be ready in 1984 and 1985,



respectively.

The debate c¢cver the neeé for a fif+h srhuttle orbiter
the ISSUES section below.

Launch and Lancing Sites. Two launch and landing sites are planned for the
spaCe transportation system: Kennedy Space Center (X8C) at Cape Canaveral,
Florida, for launches into an easterly orbit and the Vandenberg 2air Force
Base (VAFB) in California for launches into polar or sun-synchronous corbits.
KSC has Dbeen used for all launches to date, and landings are expected to
begin at KSC in 1983 (insteaé of at Edwards AFE, California). VAFB is
scheduled to bedin shuttle cperations in October 1985.

Epproach and Landing Tests
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e ¢t series of subocrbital flight tests (known as the ALT or ERpproach
Tests) for <the space shuttle crbiter 101 {the Enterprise) were
ebruary and March 1877 at Edwards 2ir Fcocrce Base (LFB), Calif.

8, the crkiter was unmanned, with the systems inert, andé mcounted
on a 47 which was specially modified tc be the shuttle carrier
aircraft. The second series of flight tests, during which the orbiter was
manned and its systems were active (while attached tc the Boeing 747), took
place in June and July 1877. The third series of f£light tests was
successfully initiated in August 1877 with the first free flight angd lanéding
f the orbiter Enterprise. Five successful free flights were carrieéd out in
his last series c¢f approach and landing tests, with the last test in Cctober
c7
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Crbital Flight Tests

The first four shuttle flights, referred to as Crbital Flight Tests
(OFTs), were designed to test shuttle capabilities ang systems. 211 OFTs
were carried out by Orbiter 102 (the Columbia), were launched from NASR's
Kennedy Space Center at Cape Canaveral, Florida, and landed &t Edwards Rir
Force Base, California (except for STS-23 which landed at White Sands, N.M.
because of weather problems).

sSTS 1. The first orbital test flight, designated STS-1 (for Space
Transportation System 1), was successfully launched at 0700 EST on Apr. 12,
1981. Launch had been delayed for two days because of problems with computer

software. STS~1 was commanded by John Young, & veteran of four previous
space flights, and piloted by Robert Crippen, on his first space flight. Al1
test objectives were met on the 54 hour 21 minute mission, and Coclumbia
performed as planned. After landing at Edwards AFB at 1321 EST on Pr. 14,

the Columbia was flown atop the shuttle carrier aircrafzt back to Kennedy
Space Center for refurbishment for the next shuttle mission.

STS 2. The second shuttle test flight, STS-2, was successfully launched
on KNov. 12, 1981. Commanded by Joe Engle and piloted by Dick Truly, the
flight was originally planned to last for 5 days and 4 hours, but was
curtailed when problems developed with one of the three fuel cells which
provide electricity for the spacecrasft. The shuttle landed at Edwards AFB,
California on Nov. 14 after 2 days and 6 hours in space. Although the
mission was shortened considerably, NASA states that 90% of the mission
objectives were met, including testing of the Remote Manipulator System
(built by Canada) which will be used o¢on subseguent flights to deplicy and
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retrieve satellites. STS-2 also carrieé a payvload desicgcnated OSTA-1 (for
NRSA's COffice of Space and Terrestrial Applications). The experiments in the
payviocad ceoncernedé remote sensing of land resources, atmospher:ic phenomensg,
andé ocean conditions, includéing 1) & Shuttle Imacgcing Radar (SIR-L&) te test
technicues for mappincg ceological structures impertant in ©cil and gas
exploration; 2) a Multispectral Infrareé Radiometer (SXIRR) to measure sclar

reflectance of mineral-bearing rock formations; 3) a Feature Identification
and Location Experiment (FILE) to discriminate between water, bare ground,
vegetation, snow, or clcuds in order to collect only wanted data: 4) a
Measurement of Air Pcllution from Satellites (MAPS) eXperiment to measure the
distribution of carbon monoxide in the troposphere; 5) an Ocean Color
ExXperiment (0CE) to map algae concentrations; 6) a night and day optical
survey o¢f lightning siorms (NOSL); and 7) & Heflex Bioengineering Test (HBT)
to determine the relationship between plant growth and moisture content in
the space environment.

Two attempts to launch STS-2 on Nov. 4 failed because of problems with the
lubricant for twe o¢of +the +three auxiliary power units (APUs) used for
launching and landing the shuttle. Trhe APUs provide power for hydraulic
systems which rotate the shuttle main enc¢ines during launch &andé drive the
landing cear and aerodynamicC control surfaces (rudder, elevons, etc.) during
reentry. The problem was caused Dby dirty filters which ©prevented the
lubricating o0il from reaching the hydraulic lines.

STS 3. The third OFT missicn, STS-3, was successfully launched at 1100
EST on Xar. z2, 19882, and landed a 1105 EST on Mar. 30. Because of
inclement weather &t the prime lancding site (Edwards AFB, California), the
shuttle landed at the White Sands Missile Range in New Mexico. Launch was
delayed by cne hour because ©of difficulties encountered during fueling the
external tank. Landing was delayed by one day because of high winds at the

landing site.

The mission was commanded by Jack Lousma, on his second spaceflight, ang
piloted by Gordon Fullerton, on his first. The crew spent eight days in
orbit performing a wide variety of engineering and scientific experiments.
One major goal of STS-3 was to determine the heating effects on the shuttle
from the Sun while in orbit. The shuttle passed all these tests, although
the payload bay doors would not close after prolonged exposure to the coldg,
and had tc be warmed in order to shut. In addition, STS-3 carried the 08s8-1
payload (Cffice of Space Science 1), which included experiments related to
astronomy and space plasma& physics. The crew continued tests of the Remote
Manipulator System begun on 8TS-2, but two of the cameras reguired for
operating the RMS failed (one on the RMS itself, the cther in the shuttle
cargo bay), so one of the two tests had to Dbe cancelled. Among the
scientific experiments on STS-3 was & small greenhouse, about the size of a
file cabinet drawer. The greenhouse contained 86 plants (cat angd mung bean
seeds and young slash pine seedlings) to test the effects of weightlessness
on the formation of lignin in these plants. Lignin allows plants on Earth to
grow upward against the pull of gravity, gives them their characteristic
shapes, and supports the organs which carry food and cChemicals. Another
experiment tested the processing of the drug urokinase, which is used to
dissolve bloodclots. On Earth, it is difficult to produce the drug Dbecause
of the force of gravity; it is hoped that by producing it in space, the cost
of the drug can be reduced (a single dose now costs $3,000).

STS 4. The last shuttle test flight, STS-4, was successfully launched at
1100 EDT from Cape Canaveral on June 27, 1882. This was the first on-time
launch of the shuttle. Commanded by Thomas (Ken) Mattingly and piloted by
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Henry Hartsfield, the mission ended at 121C EDT on July 4 &t Ed arés AFRBR on a
concrete runway. Trnis was the firs shuttle landing on a hard urface.

STS8~4 carriecd & variety of civil andé milictary exrperiments. Included in
the civil category were an electrophoresis experiment sponscred Dby the
¥clonnell-Douglas Corperation in collaboraticon with Johnson and Johnson, andg
the first "get-away special" invelving experiments developed by college

students in Utah. Although the military experiments were classified, it is
known that one experiment involved testing & new space sextant, while another
tested an adédvanced surveillance sensor called CIRRIS (Crvogenic Infrared
Radiance Instrumentaticn Sensor).

Operaticnal Shuttle Flights

The first operational flight of the space shuttle, STS-5, was successfully
launched at 0719 EST on Nov. 11 and landed at 0833 EST on Nov. 16, 1982.

This was the first shuttle mission to carry a crew of four =-- two pilots
(Vance Brané and Rober= Overmeye*) and two missicn specialists (Joseph Allen
anéd William Lenoir). The main mission for STS-2 was tCc deploy two
communication satellites: Te‘esat—E for Canada and SBS-C fo the BAmerican

company Satellite Business Systems. In addition, Allen and Lencir planned to
perform extravehicular activity in the cargo bay of the shuttle, but the
exXercise was cancelled when both spacesuits malfunctioned.

Next Shuttle Launch. The next launch of the space shuttle, sTS-6, will
use the orbiter Challenger rather than Coiumbiea. Launch was oeriginally
scheduled for January 20, but & leax was detectec in one of Challenger's main
engines. NASAR decided tc replace the faulty engine with & spare, but during
testing, & leak was d&iscovered in the spare as well. Subseguently, a storm
at Cape Canaveral Dblew dust into the satellite installed inside Challenger,
which then had to be removed, cleaned, and reinstalled. Launch is scheduled
for April 4. The STS-6 crew (Paul Weitz, Karol Bobko, Donald Peterson, and
Story Musgrave) will deploy the first of three Tracking and Data Relay
Satellites.

MILITARY IMPLICATIONS OF TEE SHEUTTLE

Cnce it is fully operational, the space shuttle will be the national space
transportation system and will be used for both civilian anéd military
missions. The Department of Defense (DOD) has been intimately inveolved in
designing the shuttle since the beginning of the program to ensure that it
wculd meet regquirements for military payloads. DOD is expected to Dbe the
single largest user of the shuttle and may require as many as & third of all
shuttle launches during the 1980s. Of the 311 missions listed on the most
recent shuttle manifest for the years FY83-FYS%4, 114 (37%) will be for DOD,
compared to 83 (30%) for NASA, 38 (12%) for U.S. commercial users, 38 (12%)
for foreign countries, 18 (6%) for reflight opportunities, and 10 (3%) for
v.8. civil government agencies other than NASA. Although NAS2A is responsible
for funding shuttle research, development, and production, DOD has agreed to
fund the following shuttle-related items: (1) development anéd production of
the inertial upper stage (IUS) which will be used to take payloads from the
relatively low Earth orbit accessible directly by the shuttle to higher
orbits or into deep space trajectories; (2) development angd construction of
shuttle-related facilities at Vandenberg Air Force Base, California, which
will serve as the west coast launch site for the shuttle; (3) operation of
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“he Vandenberg facilities focr all users (military ané «civilian); and (&)
funding of whatever shuttlie facilities are necessary focr DOD operations at
Kenredy Space Center &and Jchnson Space Center f{(incluéing secure operaticns or
"centrelied mode") . In return, DCD will e charged a lower rat per flight
~han other users.

DOD inveoclvement in the shuttle program has prompted a ©perception of the
shuttle as primarily & military vehicle rather than both military and
civilian. The military is expected to use the shuttle to ilaunch payloads
into space and possibly for other purposes such as photographic
reconnaissance, though such alternatives have not been openly discussed by
DOD. It should®be noted that Western experts have reported that the Soviet
Union uses its manned Salyut space stations for military reconnaissance
purposes.

The shuttle is not, in itself, a weapon. During talks between the Soviet
Union and the United States on limiting the development of antisatellite
devices (see issue bdbrief 81123, Antisatellites (Killer Satellites)), the
Soviets reportedly claimec that the shuttle was related to weapons systems
and therefore should be tanned along with other space weapons; the United
States rejected this contentior. However, the shuttle may carry exXperiments
which might eventually have application to space weapons (such as space-based
lasers).

SOVIET REACTION TC TEE SHUTTLE

The Soviet Union has an active manned space program and there has Dbeen
considerable speculation for many years that the Soviets are developing a
reusable spacecraft. Currently, they rely on the Soyuz and Progress
spacecraft, which can only be used once, for ferrying crews and supplies: toe
the orbiting Salyut space stations. The Salyut 6 space station hosted 18

crews during its four and a half years of life (from 19277 to 1982), and +the
Salyut 7 station, launched in April 1982, has hosted three crews. Thus, a
reusable spacecraft would obviously be of great utility in the Soviet space
program. The guestion is in what timeframe such a vehicle would be

introduced.

In its March 1983 edition of Soviet Military Power, the U.S. Department
of Defense stated that the Soviets are developing two reusable spacecraft:
one similar to the U.S. shuttle, and a second, smaller "spaceplane." A
drawing of the Soviet shuttle was included in the report. The report stated
that orbital tests of the smaller spaceplane have already been conducted, a
possible reference to the 1982 KXosmos 1374 mission which was widely
speculated as having been a test flight of a prototype scale-model Soviet
reusable spacecraft. 2 similar mission was flown in March 1883 (Kosmos
1445), and was identified in nearings before Congress by Dr. Robert Cooper,
head of DARPA, as being a test flight of a soviet spaceplane.

.The Soviet Union has expressed great concern about the potential military
implications of the U.S. space shuttle. As noted above, for example, during
discussions between the United States ang the Soviet Union concerning
limiting the development of weapons in space the Soviets claimed that the
shuttle is a weapons system. In addition, the Soviet Union submitted a&a draft
treaty to the United Nations in the fall of 1881 which is designed ostensibly
to ban the stationing of weapons in space. Included in the draft treaty is
language obviously referring to the space shuttle: "The member states
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undertake not tc¢ put intc orbit around the earth objects with weapons of any
kind, not tc install sucCh weapons On celestial bodies anéd nct o deprlioy such
wWeapoeons in outer space in any cther wav, incliluding also on rpilicted space
vessels c©f multit.e use..." (emphasis added).

The U.S. International Communication Agency has issued a report (see
REFERENCES) concerning how the Soviet Utnicn views u.s. technology, aneé
according to the report, the Scviets were overwhelmed with the shuttle
Zaunch. "The U.S. space shuttle, in particular, seems to have left Soviets,
including some at the highest levels, almost speechless....Many believe that
they are incapap&e of doing what the U.8. has done with the shuttle" (page
17).

N&SA FUNDING

NRSE apprecpriations for the space shuttle program grew from $78&8.5 millicn
in FY71 (usec exclusively for shuttle R&D) to approximately $3.353 billiorn in
rYe: for R&D, procurement, and operaticns. In recent years, the major points
¢ contreversy 4in shuttle funding have Dbeer: how nany shuttle orbiters to
procure, how much DOD shoulé be charged for its shuttle launches, and what
type ©0f upper stage to develop for placing satellites into higher orbits than
can be reached by the shuttle alone.
rYg:s

The total NASAER FYBZI appropriation level is $6.807 billion, an increase cf
$1%€ millicn over the reguest, and $36 miliion more than was authorized.
Additional infermation on the NASAR budget is contained in IBg2118, Space
Funding and Policy: NASA and Civilian Space Programs.

The FY83 NASAR authorization bill (P.L. 97-324) provided $85 million for
procurement of a fifth shuttle orbiter. The Senate had recommended $90
million for this purpose, while the House had not included any funding. The

apprepriation bill (P.L. 87-252) does not provide funding for a fifth
orbiter, however. Eoth the House and Sernate versions of the appropriation
bill included language stating that NASAZ must obtain their approval before
initiating procurement of a fifth orbiter.

Regarding how much DOD should be charged for its shuttle launches, the
problem centers on a decision made in the 1870s that DOD would Dbe charged
about two-thirds of the price other users are charged for the first & years
of shuttle operations because DOD would be providing a west coast launch site
for the shuttle and the inertial upper stage. During consideration of the
FY83 funding bills, however, the Senate exXxpressed the opinion that DOD should
pay the same price as other users beginning in FYS83.

The Senate-passed versions of the authorization and appropriation bills
therefore reduced NASA's funding for shuttle operations by $409 million (the
additional amount the Senate felt should be reimbursed to NASA for FYB3 by
DOD) and most of it was redistributed to other NASA programs. The House aid
not make a similar recommendation. In conference on the authorization Dbill,
the two Houses agreed to direct NASA to charge DOD "such prices as necessary
tc recover the fair value" of launches beginning in FY¥84. No dollar amount
was stipulated, but NASA's budget for shuttle operations was reduced by $128
million. In the appropriations bill, the only language relating to this
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issue stated that NASA's appropriat
years by whatever amount is transf

iaunches.

cn level will Dbe reduced in subseguent
rred to NASAZ as payment for shuttle

E particularly troublesome issue during the FY¥83 budget deliberations was
deciding whether to support the continued development of the inertiail upper
stage (IUS) or Centaur (see ISSVUES). The House Science and Technology
Committee supported the IUS in its report on the NASAR auwthorization Dbill
(E.Rept. 87-502), and the House agreed when it passeéd the Dpill on May 5,
l1¢82. The Senate version of the autherization Dbill supported Centaur,
however (S.Rept. 97-448, passed Senate June 8). Conference action on the
pill was delayed for several months, during which time Congress took twoe
actions which affected the outcome of this issue. First, the FYg82 Urgent
Supplemental bill was passed (P.L. 97-216) which directed NASA tO procure two
Centaur stages for upcoming NASA planetary missions. Then the House and
Senate appropriations committees completed work on the FY83 EUD-Independent
BRgencies bill, which includes NASA, and in consonance with the Urgent
Supplemental, supported Centaur. During House floor debate on the
appropriations bill, Congressman Flippo (chairman of the House Science angé
Techneclogy Subcommittee on Space Science and Applications) introducedéd ar
amendment to support IUS instead of Centaur, but the amendment was defeated.

Thus, the final wversion of the appropriation bill supported Centaur.
Subseguently, the conference on the authorization bill was held and the
Senate position, in support of Centaur, was adopted. Bs enacted, the

authorization bill provides $120 million for Centaur while the appropriation
rill provides $140 million.

rysg4

For FY84, NASA is requesting a total of $7,10€6.5 million, of which $3,448
million (48.5%) is for the space transportation system. This includes
shuttle production and operations, development of upper stages, advanced
programs, Spacelab, and development of a Tethered Satellite which will be
suspended from the shuttle into the upper atmosphere by a 1long (60~mile)
tether line 4in order to make scientific measurements. Ne funding is
requested for a procurement of a fifth orbiter, although $100 million 4is
designated for buying structural spares to enable repair of any orbiter that
might Dbreak down. NASA has not made a decision on whether to accept the

SpaceTran offer to buy the fifth orbiter for N&AS2 in exchange for marketing
rights.

DOD FUNDING

Through FY¥82, the DOD had spent a total of about $2.6 billion on the 8TS
program. This includes funding for development of the IUS, construction of a
shuttle launch facility at Vandenberg AFB, and modifications needed to launch
DOD payloads via shuttle instead of conventional launch vehicles.

FY83 DOD BAuthorization. For FY83, DOD regquested $581 million for
shuttle-related activities, including Vandenberg operations, two shuttle
flights, and procurement and operations related to the Inertial Upper Stage.
Neither the House nor Senate Armed Services Committees made changes in the
regquested amount for the procurement, research, development, testing and
evaluation_(H.Rept. 87-482 and S.Rept. 97-330, both issued on April 13). The
Senate passed the DOD authorization bill on May 13. The House passed the
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Y83 DOD kppropriation. The Senate Appropriations Committee reported out
he FY83 DOD appropriation bill on Sept. 23 (S.Rept. 87-580) . The committee
dded $50 millicn to the Rir Force budget "to permit the 2ir force to pay a
reater share of the cost of cperating the space shuttle," adding that the
»ir Force is "capable of absorbing a greater share of these costs.*™ The
House Appropriations Committee report on the bill (H.Rept. 87-843, Dec. 2)
€¢ié nect include this funding increase.
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Action on the DOD appropriation bill was not completed by the end of the
£7th Congress, so funding was provided through the <Ccontinuing appropriation
bills (P.L. 57-276 and P.L. 87-377). The additional $50 million was not
included in the ceontinuing appropriation bill.

The Heouse Armed Services
ilitary constructicn i1l
ications at Vandenberg AFB for the
© $14.8 miliion. The Senate Committee followed

reported the bill on Mayv 27. The Senate pacssed
the pbill on June 30; the House on Aug. 11. The conference reperc: W&as filead
on Sept. 28 (H.Rept. S57-880) ané passedé the Senate that day anéd the House
Sept. 28. The kill was signed into law Oct. 15 (P.L. ©7-221

FYg3 Military Construction Lrpropriati . The EHouse Lppropriations
Committee reported out the FYE3 militar constructicn appropriation bill on
2ug. 11 (E.Rept. ©€7-7286). The committee expressed concern about construction
of the shuttle launch site at Vandenberg AFB, noting that costs may rise from
the initial estimate of $252 million to $882 million. The committee said it
was "particularly concerned" that the money already spent would not result in
a "usable facility," but that there was probably no alternative to completing
the project, and thus advocated a number of steps to moenitor more closely
costs and construction. The committee reduced the reguest for STS facility
modifications from $26.5 millicn to $10.5 million ($4.3 million less than had
been recommended by the autheorizing committee), and although it approved the
full $40 million for the STS Vertical Assembly Environmental Shelter at
Vandenberg, the committee noted that it did so contingent upon a review of
the final plans and costs for the project. The House passed the bill on 2ug.
l¢e.

The Senate Appropriations Committee reported the bill on Sept. 22 (S.Rept.
€7-572). The committee reduced the request for STS facility modifications to
$514.8 million, but approved the full $40 million for the sTS environmental
shelter at Vandenberg. The conference report was fileé& on Sept. 30 (H.Rept.
€7-813) and adopted a compromise level for STS facility modifications of
$12.65 million. The report was approved by the House and Senate on Oct. 1
and signed into law on Oct. 15 (P.L. 87-323).

ISSUES FOR CONCERN IN THE S8TH CONGRESS

L large number of issues concerning the space shuttle program will come
before Congress for discussion in this ang subseguent sessions. The
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following is & 1list of selected issues which appear most likely to be cf
interest to the S88th Congress specifically. Other issues are discussed in
the report "tUnited States Civilian Space Programs: 185&-1278" prepared by the
Science Pclicy Research Division ©f the Congressional Research Service for
the House Committee on Science andéd Technology.

1. Cost Overruns/Schedule Slippages/NASR Program Management

The space shuttle program has encountered & number of schedule slippages,
resulting in cost coverruns andéd guestions about NASA's ability to manage the
project. Thne ofbital test flights began more than two years later than
originally planned, and the shuttle program iS now expected te cost s$e.91
real year dollars (through the end of the four  test flights). This is
eguivalent tc $6.65 billion in FY¥71 dollars, a cost increase of 29% over the
initial 1971 estimate of $5.1% billion.

In February and March 1978, NASAR testified before the Congress as to the
necessity for a supplemental appropriation of $18% million to Xeep the
shuttle development procram ¢cn schedule. NLSE stateéd that the COst increases
in the FPY7¢ budget resulteé from deferred wWOrk lef: uncompleted on Orbiter
102, which had to be completed at KSC, and on additional engineering and
manufacturing efforts in all elements of the shuttle program, especially main
encine testing, installatiocn of thermal protection on the orktiter and
external tank, and gualification testing of orbiter systems. The Congress

agcreed tc the additional funding.

In April and May 18798, it became evident that despite the $185 million
surplemental, there was going to be & cost overrun of perhaps up to $600

million in the shuttle program. In addition, the first orbital flight would
slip into late 1980, a schedule lag of over a year from the originally
Flanned target launch date in March 187¢9. In the spring of 18798 NAS2

submitted, and the Congress approved, a $220 million budget amendment for
FY80 in corder that the schedule for Orbiters 103 and 104, essential for
priority national defense missions, not slip further. In January 1980, NAS2
requested a $300 million supplemental for FYS80 for shuttle development. A
supplemental of $285 million was approved. In addition, the FY81 reguest, at
$1.873 billion, was about $800 million more than NASA had anticipated it
would need for FYSB1l. Thus in Fygo and FyY8gl, as well as FY79, shuttle
development efforts reguired a higher rate of exXxpenditure than earlier
anticipated. This was due primarily to problems with the thermal protection
system and the main engine.

The cost overruns for the shuttle have led many Members to gquestion NASA's
management of the shuttle progranm. In 197¢ the Senate Commerce Committee
regquested that NASA prepare a thorough review of the situation and submit a
report to the Committee. In addition, the House Committee on Science and
Technology, NASA, and independent consultants studied NASA's management of
the shuttle program and made a number of recommendations. NASA considered
all the recommendations of the different reviewers ang implemented &a number

of changes to expedite efficient shuttle program management and keep costs
under control.

Vandenberg AFB Preparations. The launch facilities construction at VAFB
has also shown cost overruns caused by inflation and by the rapidly
increasing costs for certain construction materials. The initial operational
capability date has already slipped to October 1985 (from Bugust 1984).
Factors impacting on the readiness of the launch facility include: (1)
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design prorlems relating tc the buildup ¢of ice orn the exterral tank in the
humid climate at VATE;: (2) inability cf ¥artin ¥arietta (the rir Force
shuttle contractoer) o induce a sufficiert number of encineers to nOVe TC the
area to wWork at VAFB; (3) censtruction problems; (4) concurrency o©f work at
VEFE anc¢ Kennedy Space Center (originally operations at KSC were to have been
preved by this time, thus making VAFR preparations easier); and (5) increased
funding reguirements caused by the aforementioned problems. In reporting out

+

the FYB3 military construction appropriation bill, the House Appropriations
Committee noted that costs may rise from the initial estimate of $252 million
to $882 million, andéd that it was "particularly concerned" that the money
already spent would not result in the "usable facility."

2

2. Number of Orbiters

When the shuttle program was initiated, NASZE plannedéd for a S5-orbiter fleet
to carry out an estimated 560 missions during the 1l12-year period from
1e80-15¢c1. During the past decade, the expected number of shu

tle missions
in the l2-year shuttle cperaticnal pericd has decreased -- irsz tc 487
missiocns, then to 311 missicns (the current estimate). As sult, cebazte

developed over whether five orbiters wculd be recuired or if £
sufficient (this does not include orbiter 101, the Enterprise,
spaceflight-worthy).

ur woulc be
1ich is not

m
"
£ O ® *h ot

In 1878, President Carter decided that proéduction of a fifth orbiter
shouldé not be initiated. Subseguent NASA budget recuests to Congress nave
not included funding for production of a fifth orbiter, although funding has
been provided (sometimes at the initiation of the Adémiristration, other times
because ¢f congressional insistence) for long-lead items associated with a
fifth orbiter in case & decision is made at a later time to procure it.
Proponents of a 5-orbiter fleet argue that even though the need for 5
orbiters may not be apparent now, it may develop in the future (especially if
NASA is given permission to buildéd a space station), anéd the orbiter would be
more costly to procure if the production lines shut down fter the fourth
orbiter is completed.

NASA and DOD have consistently expressed the opinion in congressional
hearings (most recently in June 1982) that at least 5 orbiters will ©be
needed. The prodklem now is that subcontractors are already running out of
wWOrk, so a decision on whether or not tec proceed with & fifth orbiter must be
made soon if production lines are to remain open. No funding for a fifth
orbiter was included in NASA's FY¥YB84 budget request, although $100 million has
been reguested for structural spares to rerair the other four orbiters as
needed. NASE stated that a reassessment of projected launch demands in light
of competition from other launch services such as ESA's Ariane led the
Administration tec conclude that a fifth orbiter may not Dbe reguired after
all.

One option has been presented by a private firm, Space Transportation
Company (SpaceTran), which has offered to purchase the fifth orbiter and give
it to NASA in return for exclusive marketing rights to payloads flown on that
orbiter. NAS2Z has been considering the proposal since the spring of 1982,
but no decision has been made and 80% of SpaceTran was recently acguired by
Federal EXpress 50 the offer is now being reviewed by the new management.

3. Ownership and Operation of the Space Shuttle




CRS-13 IBB117E8 UPDATE-03/21/83

An issue which will assume increasing impor e as the shuttle progresses

c
Wwno should own ané operate

ta
frcm research and development intc operations is
it NASA is a research andéd devliopment agency and does not operate space
SycstTems once they have comrleted the R&D ©phase. ror example, weather
satellites are operated by the Nationeal Cceanic and Atmospheric
Béministration (NOZAR, part of ithe Department c¢f Commerce), an agency which

was alsc given operational authority over remote sensing satellites in 1878
(see issue Dbrief 82066, LANDSAT--Earth Resources Satellite System).
Communication satellites are operated by private industry.

The shuttle presents unigue problems because of its role in U.S. military
programs. 2s a®result, suggestions have been made that two shuttle fleets Dbe
developed: & "white" fleet for civilian and commercial users, and a "blue"
fleet for +the Rir Force. Thus, DOD could operate i1ts own shuttles as it does
other military hardware, ané the white fleet could eventually be handled by
&n entity other than NASA.

Discussions over how and when to transfer the shuttle out of NASAE andéd into
some other government, guasi-government, ¢r non-government entity have been
gcing on for many years without resclution. The issues include whether a
private sector entity would be requireé to reimburse the Government for R&D
funding spent on the shuttle (which may reach $15 billion); whether NASA
would continue to perform R&D related to the existing shuttle system and
possible shuttle follow~-ons if the private sector takes over shuttie
operations; and what regulations would need to be developed to cover private
sector operation of the system. The underlying qhestion in connection with
private sector ownership of the shuttle is when and if the shuttle will
beccme profitable.

The Subcommittee on Science, Technology, and Space of the Senate Commerce,

Science, and Transportation Committee held hearings on Dec. S, 188l, to begin
addressing these issues.

4. Shuttle Upper Stage -- IUS or Centaur

Cost overruns in the Air Force's inertial upper stage (1us) progranm
prompted NASA to decide in January 1881 to cease its support for developing a
three-stage IUS for sending spacecraft into deep space trajectories (Air
Force development of the two-stage IUS was not directly affected by this
decision). Instead, NASA decided to proceed with development of a high
enercy upper stage called Centaur (in fact, it is a modification of the
Centaur upper stage that has been used for many years). In January 1882,
NASA reversed itself and said that it would stay with IUS.

NASA's 1981 decision to develop Centaur rather than IUS led to
considerable controversy for two reasons. First, there is only one currently
approved NASA mission which would require the Centaur capability (the Galileo
mission to Jupiter), and one European mission which NASA has promised to
launch (the International Sclar Pclar Mission). The Air Force has not
identified any specific missions for which it would need Centaur either,
altnhough both NASA and DOD have told Congress that they would like to have
the Centaur capability available for missions which might develop in the
future.

Second, NASA decided to use sole source procurement for Centaur, rather
than allowing companies to bid for the contract (NASR chose General Dynamics
which builds the Centaur upper stage now in use). As a result of the dispute
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over the need for Centaur and the method NKNASZ was using ¢t procure the
vehicles, Doth the House Science and Technology Ccmmittee ané <+he Senate
Commerce, 8cience, andé Transportation Committee held hearings o©on +this iscue
in NMarch 188l In reporting NASA's FYBZ authorization bill, bo:n commizttees
requested the agency t¢ "reassess the national reguiremernts for a new upper
stage, review the ability ©f a mocdified Centaur &and alternate launch systems
L0 meet these reguirements and reconsider the sole source procurement
approach." The bill (P.L. S7-56) prohibited NASA from spending any money for
sole source procurement of Centaur and stated that NASA should make a
commitment to the Galilec mission before making a commitment to Centaur.

NASR's 1982 &ecision to reverse itself? on this issue alsco generated
controversy. Reperts in the trade press in the fall of i19g1 and the
beginning of 1882 had suggested that NASRA and the ARir Forc were making
arrancements toc develop & version of Centaur which would meet the
regquirements of both agencies. When it appeared ©NASA would not have the
funding available to proceed with Centaur in FY83, it was thought that the
Lir Force might develop Centaur on its own. The Air Force subseguently

cdecicded not to develop Centaur because it had no mission recuirements for it
until 1887.

When NASAR reported its decision not to proceed with Centaur to Congress,
the agency was sharply criticized on the Dbasis <that it had argued the
previous year that Centaur was desperately needed to support the planetary

program. wWithout Centaur, the Galilec mission to Jupiter would have to have
bPeen placed into a different trajectory with the less capable IUs, and the
transit time to Jupiter would have doubled from two to four vears. In
addition, the orriter would nct have Dbeen able to make as many orbits of
Jupiter, anéd the science accuired by the mission would have Dbeen reduced by
18-20%, according tc NASE. The agency explained that with only tWe planetary
missions to use Centaur, it simply could not justify the expense of

development. The issue was -complicated further when NASAR provided cost
figures to Congress showing that the total development cost for Centaur wouléd
be approximately $230 million, while IUS develcpment is expected to Dbe
$650-700 millicn. Individual Centaur units would cost $35-40 million, while
each IUS would cost $50-60 million. In addition, Centaur has over twice the
payload capability cof IUS: Centaur can take a 10,600 pound paylcocad from low
earth orpit to higher orbits, while the IUS can carry only 5,000 pounds. The
arguments in favor of IUS were that it is well along in development and would
be ready by 1985 when the Galileo and ISP¥ missions are planned for launch,
and most of the development money has already been spent.

In its report on the FY83 NASA authorization bill (H.Rept. 97-502), the
House Science and Technology Committee accepted the position that a high
enercy upper stage is required, but stated that NASZ should Dbe the procuring
agency for such a vehicle and it should accommodate future modifications for
reusability; $5 million was included to complete Phase B definition studies
leading to a competitive procurement o©f such an orbital transfer vehicle in

FYB4. The Senate Commerce, Science, and Transportation Committee,
conversely, supported development of Centaur via a sole source procurement
award in its markup of the bill on May 11. The committee allocated $150

million in FY83 for this purpose.

The FY82 Urgent Supplemental Appropriations bill (P.L. 87-216) contained
language directing NASA to procure Centaur upper stages, on &a sole source
basis, for use with those two missions, although NASA may use IUS for other
launches. In its report on the FY¥Y83 HUD-Independent Agencies bill (H.Rept.
87-720), the Rppropriations Committee added $140 million for Centaur in
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Under the existing arrangement, two versions of Centaur will be developed:
& "snort" version for use by NASA and DOD for earth orbital missions, and a
"long" version for use by NASA for planetary missions. NASZE and DOD will
split the costs for the short version, while NASA will Pay for the long
version.

5. Centinuing Need for ExXpendable Launch Vehicles

When the space shuttle was originally approved for development by
President NixXon, it was expected eventually to replace all the expendable
launch vehicles (ELVs) which are now used to place spacecraft in orbit
(Ltlas, Delta, Titan, etc.). Ornly the Scout launch vehicle, useéd for placing
very small scientific pavloads into orbit, was expected to be retained for
use during the shuttle era.

The production of ELVs and their associated upper stages has been
systematically scaled down during the past several years, but recently NASA
and DOD have begun %f¢0 reexamine the guestion of whether ELVs should be
retained. Es NASA has been forced by budget constraints to reduce the number
¢f shuttle flights between 1981 and 1885, it heas not been able to assure
shuttle launches to all potential customers (in the summer of 1881, NERS2
anncunced a reduction from 48 to 34 shuttle flights through 1885, and press
reports indicate that this may soon be recduceé¢ by another 1C fiights). As a
result, some potential shuttle customers are either asking NASA tc provide
them with an assurance of an ELV launch in lieu of shuttle, or are signing up
with the European Space Agency for launches on its Ariane launch vehicle.

DOD has always been concerned about having to rely totally on one launch
system in the event there is a sudden need for one o©or more military launches,
and has indicated that it would like to retain its Titan launch capability.

In September 1982, a NASA study was released suggesting that if NASA has
only four shuttle orbiters, 84 ELV launches may be regquired between FY8S and
FYS4 to meet expected demand. Several companies are now being formed which
may market existing ELVs, such as Delta, Atlas-Centaur, and Titan, as NASA
withdraws from ELV operations, and two companies are developing their own
ELVs.

NASA has issued a stop-work order to contractors who make the Delta launch
vehicle so0 that the Delta capability will end 4in l1986. Concern has been
eXxpressed that the shuttle system has not been proven vyet (especially in
light of recent problems with the sixth shuttle launch which has caused at
least a 2-month delay), and the expendables should not be terminated until
NASA is certain that the shuttle can perform as promised.

6. Shuttle Pricing Policy

In 1977, NASA established prices for shuttle launches as follows: $18
million for commercial, foreign, and U.S. civil agencies for the first 3
years of operations; and $12.2 million for DOD for the first 6 vears of
operations (prices are in 1975 dollars). The lower price for DOD was
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predicateé on the fact that DOD 4is previding & shuttle aunch site at
Vancdenberg AFB andéd the inertial uepper stage dfrer these f; ed periods
expire, %the price i1s t¢c be adjusted annually to allow NASZ tc frlly reccver
118 Operational expenses Since 1877, snhuttle program Costs have risen, and
NES2Z will have toc make up the édifference between the price it charges and the
actual cost to launch the shuttle. in a report prepared by the General

Accounting Office in 1982 (see REFERENCES), it was estimated that this would
force NASR to pay B0% of shuttle costs through 1885, while flying only 36% of
the missions.

GAOC recommended that NASA reconsider its pricing peolicy to establish more
eguitable price? to all users. In addition, the congressional committees
which deal with NASAR's authorization have directed that NARS2 recoup full
costs for DOD missions earlier than the sixX year pericd specifieéd in the 1877

pricing peclicy. Specifically, the House Science and Technology Committee
édirected NASE to recoup full costs from DOD beginning in 1885, while the
Senate Commerce, Science, and Transportation Committee directed <that full
costs be paid by DOD beginning in FYg3. The Senate committee decreased

NESE's budget $40%8 million feor FYS83 on the assumption +that DOD would

reimburse NASZ that amount for the twc DOD launches scheduled for FYEZ. The
Senete Appropriations Committee followed the action of the Commerce
committee, but House Appropriations did not agree. In conference, the

uthorization bill was amended to read that NASZ should charge DCD whatever
prices were necessary to recover the "fair value" c¢f shuttle launches, but no
delilar amount was stipulated. The appropriations bill was amended tc include
language stating only that in future years, NASA's appropriation level woulg
be reduced by whatever amount was transferred tc NASA as reimbursement for
shuttle flights.

In June 15882, NASZ announced a new pricing policy for space shuttle
launches wnich will occur between Oct. 1, 1983, and Sept. 30, 1988B. The new
cost of an entire shuttle cargo bay ig $38 million in 1875 decllars, compared
to the previous price of $18 million 1875 dollars. When adjusted for
inflation, the cost in 188% to launch the shuttle is expected to be $90
million. Several satellites can be carried into space at one time by the
shuttle, however, and NASA anticipates that the cost to place one satellite
into orbit will be $26 million, including reguired upper stages. NASR
expects this cost to be competitive with U.S. and foreign expendable launch
vehicles.

Simultaneously, NASA announced that the number of expected flights had
dropped from 487 to 312, partially because of longer than expected turn
around times for refurbishing the shuttle. Because ©of the lower launch rate,
NASA changed its philosophy regarding shuttle pricing policy. Instead of
attempting to recover full costs over the 12 year flight period (1582-1%9%4),
NAS2 will only attempt to recover out-of-pocket expenses for the three Yyear
period for which the prices are in effect.

These prices do not apply to DOD. In September 1582, NASA and DOD reached
a tentative agreement on higher prices for DOD launches for the period
FYB4-FYB8. Instead of the $12.2 million (FY75 dollars) originally agreed to
for the first 6 years, DOD will pay $16 milliocn (FY¥75 dollars) for 1launches
occurring in FY84 and FY85, and $2%.8 million (FY?75 dollars) during
FYBE-FYE8.
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H.R. 1816 (Price)/S. 720 (Thurmocng)
Authorizes appropriations to NASAR for FYg4. Introduced Mar. 11, 1983;
referred to Committee on Science and Technology.

H.R. 2065 (Fugua et al.)
Authorizes appropriations for military construction for FY84. Referred
to House and Senate Armed Services Committees, respectively.

EEARINGS

U.s. Congress. House. Committee on Science and Technology.
Subcommittee on Space Science and Applications. 1882
NASE authorization (Program Review). Sept. 16, 17, 18, 18980.
[Wasnington, U.S. Govt. Print. Cff., 1980) voi. II 6ES p.

U.S. Congress. House. Committee on Science and Technology.
1982 NASAE authorization, vol. III, IV, V. Jan. 28, Feb. 10, 11, 20,
23, 26, 27, Mar. 2, 4, 5, 10-12, 17-21, 23, 24, 1981. [Wasnington,

U.8. Govt. Prinzt. Off., 1981} P. 671-2236.

U.s. Congress. Senate. Committee on Commerce, Science, and
Transportation. NASA authorization for FY82; hearings con NASA
pudget. ¥ar. 10, 1%, 25, 31, &pr. 7, 27, l1881. Parts I & I1I.
[wasnington, U.S. Govt. Print. Of#., 1981] 737 p.

REPORTS AND CONGRESSIONAL DOCUMENTS

U.S. Congress. Committee of Conference. Authorizing appropriations
tc the National Reronautics and Space Administration; report
to accompany S. 10698. Nov. 21, 1l¢981. Washington, U.S. Govt.
Print. Off., 1981. (37th Congress, lst session. House.
Report no. 87-351)

————— ¥Yaking appropriations for the Department of Housing and
Urban Develcopment, and for sundry independent agencies,
boards, commissions, corporations, and offices, for the
fiscal year ending September 30, 1982, and for other purposes;
report to accompany H.R. 4034. Sept. 11, 1%881. Washington,
U.S. Govt. Print. OFff., 1981. (97th Congress, lst session.
House. Report no. 97-222)

U.s. Congress. House. Committee on Appropriations. Department
of Housing and Urban Development-Independent Agencies
appropriation bill, 1982; report to accompany H.R. 4034.
Washington, U.S. Govt. Print. Off., 1981. (97th Congress
lst session. BHouse. Report no. 87-162)

U.s. Ccongress. House. Committee on Science and Technology.
"Authorizing appropriations to the National Aeronautics and
Space Administration for fiscal vear 1982; report to
accompany H.R. 1257. May 8, 1%81. Washington, U.S. Govt.
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ht ¢cf the space tle landed at Edwards
3 EST. Astrona uccessfully
commercial communications satellites,

to cancel a planned space walk.
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-
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Fifth shuttle flight launched on-time at 0719 EST.
This was the first operational shuttle flight.

The fourth shuttle flight landed at 1210 EDT at
Edwards AFB. First landing ¢©f the shuttle on a
hard runway.

Fourth and final test flight
began with the first on-time

House Science and Technoclogy
the need for the fifth space

Soviets launched a spacecraft
a test related to development
vehicle.

of the space shuttle
launch at 1100 EDT.

Committee held hearings on
shuttle orbiter.

that appears to have been
of a manned reusable

The third shuttle flight landed at White Sands,

New Mexico,
winds.

one day later than planned because of high

Third launch of the space shuttle took place.

Senate Commerce, Science,
held hearings on operational

and Transportation

Committee

management ©of the shuttle.
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11/24/82 -- Seconé shuttle test flight landed at Edwards AFB after
fuel cell prorblems causec early termination of the
migsion.

11/12/81 -- Second shuttle test flight was launched successfully.

09/21/81 -- House Science and Technology Committee began three
days of hearings on future space programs and
policy.

04/14/61 -- Cdlumbia landed at Edwards AFB in California
after & nearly perfect mission.

04/12/81 ~- First launch of the space shuttle Columbia successfully
accomplished.

06/08/80 -- Tctal test time for the shuttle main engine went over the

8C,000 second mark established as the minimum needed to
assure the reliability of the shuttle main engine prior
to the first flight.

02/13/80 -~ Successful completion of the final test firing of the
shuttle's so0lid rocket booster motor.

03/31/80 ~-- The space shuttle main engine passed & milestone
with the first sustained (6 minute) operation of the
encine at full power level.

03/00/79 -~ Orbiter 102 ferried from Edwards AFB, California, to
Kennedy Space Center, Florida, to be readied
for orbital flight.

10/26/77 -- Fifth and final orbiter free flight (tail cone off)
was successfully completed by astronauts Haise and
Fullerton.

08/12/77 =~ The first shuttle orbiter free flight was successfully
completed by Astronauts Haise and Fullerton. The
orbiter was released from the Boeing 747 at an altitude
cf 6,768 meters above ground level and glided to a
landing five minutes 23 seconds later on the 4ry lake
bed runway at NASA's Dryden Flight Research Center at
Edwards B2ir Force Base, California.

06/00/77 -~ The second phase of the space shuttle flight
test was begun. This phase was successfully
completed in July 1877 after three
flights from Edwards AFB, Calif., in which the orbiter
was manned and attached to the Boeing 747.

03/02/77 -- The firest flight test phase of the shuttle orbiter was
successfully completed with the fifth captive unmanned
flight ©f the orbiter.

02/18/77 =-- The first test flight of the space shuttle orbiter
was successfully accomplished at Edwards ARAir Force
Base, Calif. The orbiter was unmanned, and mounted on
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ADDITIONZL
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& Boeing 747 during the entire flight
The first space shuttle Orbiter 1C1 was completed and
"rolled ocut", marking ics
reacdiness fcr suborrtital flight tests.

N2SA selected Thiokol Chemical Corporation
the s501id rocket motors for the shuttle
worth $10€ million).

tc develop
(contract

NASAR selected Martin Marietta to develop the external
tank for the shuttle (contract worth S$158 million).

NZSA selected North American Rockwell
International)
development

(now Rockwell
for the $3.5 billion shuttle orbiter
contract.

President Nixcn announced
partielly reusable shuttle

decision
system.

to proceed with

NASA awarded Rocketdyne the $450 million shuttle
engine development contract.

ma.ln

NASE proposal for fully reusable shuttle submitted.
Space Task Group report outlined ambitious program for
1870s ané 1980s.
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