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BRIEF DESCRIPTION OF ACTION AND PURPOSE: The proposed action is

the continued development and the follow-on operation of the Space
Shuttle -- a piloted, recoverable, reusable space transportation
system for providing rapid, easy, and economical access to space.
The Space Shuttle will replace most of the present expendable launch
vehicles and will greatly expand the Nation's capability to carry
out beneficial space activities. The Space Shuttle is expected

to make its first orbital test flight in 1979 and, as currently
designed, to operate for at least a decade thereafter.

SUMMARY OF ENVIRONMENTAL EFFECTS: Test firings and launches will
release air pollutants, causing a temporary localized small degra-
dation in air quality near the test site or launchsite. Areas adja-
cent to the site will also be subjected to moderate sound levels of
predominantly Tow frequencies for short durations. During the launch
phase, hydrogen chloride will be introduced into the stratosphere,
causing a small decrease in ozone. Temporary perturbations to the
ionosphere will occur during orbital maneuvers and entry and will have
no significant effect on communication or radio wave propagation. As
the Orbiter descends, a Tow-magnitude sonic boom will be produced

along the groundtrack with the maximum overpressures occurring near
the ?anding site. The overpressures will be infrequent, will vary in
location, and are of sufficiently low energy to be considered a momen-
tary annoyance, if noticed at all.
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4. MAJOR ALTERNATIVES CONSIDERED: The alternatives considered are dis-
continuation or postponement of the program (equivalent to continua-
tion of expendable launch vehicles for each Space Shuttle mission),
use of alternate propellants, and neutralization of the ground cloud.
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OVERVIEW
POTENTIAL ENVIRONMENTAL EFFECTS

The potential environmental effects resulting from the Space
Shuttle Program are discussed in the initial environmental impact state-
ment published in July 1972. Since that time, the National Aeronautics
and Space Administration, in cooperation with outside experts and other
government agencies, has had an aggressive and comprehensive environmental
effects program. A reassessment of the potential environmental impacts
has recently been evaluated, and. the results are summarized as follows:

e Troposphere: A ground cloud will be formed by the Space Shuttle
rockets during launch. This cloud consists of the exhaust products from
the solid rocket motors and liquid engines, the products of afterburning
in the exhaust plume, the air that is mixed with the exhaust gases, and
much of the heat energy that is generated.

The direction, movement, and diffusion of the ground cloud have been the
subject of an intensive analytical study during the past several years.

A mathematical model has been developed which uses the characteristics
of the rocket exhaust products and Taunchsite meteorology to predict the
rise, growth, and dispersal of the ground cloud. To validate the model,
seven Titan launches were monitored at the Kennedy Space Center, Florida,
using aircraft-, ground-, and sea-based instrumentation to measure cloud
concentrations and fallout of hydrogen chloride, carbon dioxide, and
aluminum oxide particles. These are the primary exhaust products of the
so1id rocket motors which are of concern. In all cases, there was reason-
able agreement between measurements and the model predictions.

Theoretical predictions for 45 hypothetical Shuttle Tlaunch cases, solid
motors, and liquid engines firing simultaneously, gave concentrations of
hydrogen chloride below the recommended exposure Timits. The Targest
peak concentration of hydrogen chloride calculated was 3.9 parts per
million, and the highest average exposure level over a 10-minute period
was 1.2 parts per million. The exposure limit for hydrogen chloride
recommended by the National Academy of Sciences is 4 parts per million
for 10 minutes with a peak of 8 parts per million.

The hydrogen chloride from the solid rocket motors can also produce
acidic rain if the Space Shuttle is launched during certain local meteo-
rological conditions. In 1967, Aerojet General Corporation tested a
260-inch solid rocket motor during Tocal shower activity which resulted
in damage to lime groves. Acidic rainfall was measured for the first
time during the Titan/Viking-B launch .in September 1975, and pH values
ranging from 1 to 2 were measured close to the launch complex. The
National Aeronautics and Space Administration is continuing a research
program to model the occurrence of acidic rain as a result of interaction
of the ground cloud and Tlocal shower activity. These results, coupled
with the ground diffusion model, will predict the acidity of rainfall
that might occur. The results of this program will provide a model to
define in advance the go/no-go (Taunch constraints) criteria to minimize
unacceptable environmental effects from acidic rainfall. The Shuttle




exhaust cloud might initiate rainfall if it encounters active precipi-
tation cells or might suppress rainfall if it encounters a shallow, warm
cloud. While such weather modification is difficult to assess, its
occurrence is considered unlikely. Should such potential effects occur,
they would be confined to an extremely small area and would last for a
short time after a launch. If necessary, such effects can be precluded
by launch criteria, as in the case of acidic rain.

® Sonic Boom: During ascent of the Space Shuttle, as the vehicle
pitches over, acoustical energy is focused in a narrow dish-shaped region
over the ocean across the flightpath. Using prediction techniques, the
estimated ascent overpressure (without focusing effects) is 287 newtons
per square meter (6 pounds per square foot) about 64 kilometers (40 miles)
downrange. Focusing effects could occur during the pitchover maneuvers
and increase the overpressure. As with present rocket launches, sea
traffic can be restricted in those areas.

The Orbiter will also produce a sonic boom during entry. Because of the
large range of entry trajectories, part of the boom may occur over land.
Overpressures have been calculated for these conditions, and trajectories
have been tailored to minimize the effect on the ground. Studies are
continuing in this area, and current estimates indicate that maximum
overpressures will be about 96 newtons per square meter (2 pounds per
square foot) in a small area within about 48 kilometers (26 nautical
miles) of the landing site. These overpressures are in the range of
nuisance or annoyance according to the report issued by the Sonic Boom
Panel of the International Civil Aviation Organization in October 1970.
They will be infrequent so that the annoyance should be minor compared to
the 10 or 15 sonic boom events per day cited in the report issued by the
Panel.

o Stratosphere: The Space Shuttle exhaust releases water, hydrogen
chloride, chlorine, and aluminum oxide particles into the stratosphere and
produces some nitric oxide in the hot plume. The quantity of water
released by the Space Shuttle is very small compared to natural sources,
and its effect on the ozone density will be insignificant. Model calcula-
tions of the effects of aluminum oxide and nitrogen oxides have been made,
and the results indicate that they are also negligible. Chlorine compounds
do affect the ozone density.

The potential effect of Space Shuttle emissions on the stratosphere was
evaluated using the projected Space Shuttle launch rate, peaking at a
steady state of 60 flights per year. This launch rate was used in a one-
dimensional model to predict hemispherically averaged chlorine concentra-
tions as a function of altitude and time.

From calculations made by five different scientific groups in early 1977,
the maximum steady-state reduction of ozone was estimated to be 0.2 per-
cent, supported by an independent study of the National Academy of Sciences,

which predicted 0.15 percent. Later in 1977, it was established that the ‘
HOp + NO » OH + NO» reaction rate was much faster than previously supposed.
This reaction is significant in stratospheric ozone chemistry, and a larger
value for its rate leads to a larger ozone reduction effect. The addendum

in the draft environmental impact statement indicates that the effect might
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be as large as a factor of 2. New calculations, using the same models as
before but with the new reaction rate, indicate that the Northern Hemi -
sphere's average ozone reduction is about 0.25 percent, a slight increase
from the previous value. This is considered insignificant and undetect-
able compared to the much larger natural variations in stratospheric ozone
levels.

e Ionosphere: During Orbiter maneuvers above an altitude of 180
kilometers (the F-region), the exhaust products from the Orbital Maneuv-
ering System will reduce the ion concentration. This effect is very
localized and temporary. Effects on radio wave propagation will be in-
significant.

During Orbiter entry, between a 70- and 90-kilometer altitude (the D-
region), some of the heated atmosphere will be converted to nitric oxide,
which ionizes in ultraviolet sunlight. The length of the trail may be
one-fourth the circumference of the Earth, but the width will be quite
narrow. The required time for the trail to disappear has been calculated
to be less than 1 day and in the presence of wind shears, only hours. The
effects of the ionized trail on radio wave propagation are expected to be
insignificant. The long-term effects of this nitric oxide on the strato-
sphere have also been studied and have been determined to be negligible.

e Medical and Biological Effects: The Space Shuttle's impact on the
tropospheric regions of the atmosphere will have no significant medical
(human) or biological (plants and animals) effects, and efforts are con-
tinuing to confirm this prediction. A baseline or library of existing

flora and fauna is being obtained to differentiate seasonal, climatic, and
other changes (natural or manmade) occurring at the Kennedy Space Center
launchsite.

In the stratosphere, the estimated depletion of ozone can be converted
into an estimate of the increase in ultraviolet radiation from the Sun
reaching the ground. It is generally assumed that an X percentage of
ozone reduction results in a 2X percentage increase in ultraviolet radi-
ation. Based on the limited available biological data, the impact of a
0.25-percent reduction in ozone will not .be detectable without decades of
observation. The natural ultraviolet irradiances are highly variable and
exceed the Shuttle predicted ozone change by an order of magnitude. The
responses and the repair of organisms to given doses and dose rates of
ultraviolet radiation are also highly variable. These factors preclude
the prediction of the effect of such a small increase in ultraviolet radi-
ation on skin cancer.
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1. INTRODUCTION

1.1 Background

The objectives of the Space Shuttle Program are to develop a reusable
space shuttle vehicle capable of providing ready, low-cost access to near-
Earth space and to provide for the conduct of space operations through the
1980's. As can be expected for a program of this size and complexity, a
broad range of environmental parameters is affected during the developmen-
tal and operational phases of the program. These parameters have received
considerable attention, and appropriate environmental impact statements have
been prepared in accordance with the National Environmental Policy Act of
1969 (NEPA) and applicable regulations of the Council on Environmental
Quality (CEQ) and the National Aeronautics and Space Administration (NASA).

On March 1, 1971, the first environmental impact statement for the
Space Shuttle Program was released for comment. This statement, issued
early in the program's study phase, described a system that was fully re-
usable and fueled by hydrogen and oxygen. The draft gave primary attention
to the two principal environmental effects associated with the system's
concept: noise and sonic boom.

During the latter part of 1971, as Space Shuttle design studies con-
tinued, it became apparent that certain alternative configurations and sys-
tems offered considerable technical and economic advantages. Environmental
studies of these configurations and systems were undertaken, and a draft
of the fully revised environmental impact statement was released in April
1972. This statement evaluated the environmental effects of a system very -
similar to the one presently being developed -- a system in which the reusa-
ble Space Shuttle Orbiter would be placed in orbit by the combined propul-
sion of its own main engines and a pair of reusable Solid Rocket Boosters
(SRB's). The environmental factors evaluated included the effects upon
air quality caused by the exhaust products of the SRB's and the noise and
sonic boom associated with lTaunch of the system and reentry of the Orbiter.

A final environmental impact statement for the Space Shuttle Program
was released in July 1972 (ref. 1-1). In accordance with CEQ guidelines,
NASA jdentified this environmental impact statement as a broad program
statement to assess the overall impact of a large-scale program. Subse-
quently, NASA prepared and released for comment separate environmental
impact statements on major individual actions within the scope of the
overall Space Shuttle Program. Specifically, these individual actions
involve a particular geographic Tocale and describe environmental effects
Timited to that locale. The program statement, on the other hand, de-
scribes both effects not restricted to a particular location and also the
general features of the more significant local effects.

To date, NASA has prepared and released seven site-specific environ-
mental impact statements in connection with the Space Shuttle Program
(refs. 1-2 to 1-8). The U.S. Air Force (USAF) has also prepared an envi-
ronmental impact statement; its statement (ref. 1-9) is on Space Shuttle-
related construction and operations planned for Vandenberg Air Force Base
(VAFB), California.




1.2 Purpose of This Revision

; The CEQ guidelines on the preparation of environmental impact state-
ments and the corresponding NASA guidelines give special consideration to
environmental impacts associated with research and development (R&D) pro-
grams. The CEQ guidelines provide, in pertinent part, that "Statements

must be written late enough in the development process to contain mean-
ingful information but early enough so that this information can practi-
cally serve as an input in the decision-making process."” Since R&D programs
are characterized by the development of new information and the occasional
necessity for major changes, it is implicit that environmental impact state-
ments prepared early in the R&D process may require subsequent changes.
These changes may be either in the form of amendments to incorporate spe-
cific new information of limited scope or of a major revision to reflect
overall changes in program scope or in environmental understanding.

Since the release of the 1972 final environmental statement (ref. 1-1),
‘new information has become available on certain environmental effects; and
a number of design changes have altered somewhat the estimates of certain
other environmental effects. The new information has been the subject
of continual assessment to determine environmental impact. The present
environmental impact statement, therefore, presents the results of the
assessments (refs. 1-10 and 1-11) and constitutes a complete revision of
the 1972 statement.

1.3 Scope

This revision to the 1972 broad program statement for the Space
Shuttle Program includes descriptions of the environmental effects of the
program as a whole, including the general nature of significant localized
effects and more detailed analysis of the effects not restricted to spe-
cific localities. Program alternatives studied in 1972 are summarized,
with more specific attention given to those alternatives that bear on the
environmental factors for which new information is now available.

The purposes of the Space Shuttle missions will be to place in orbit
various payloads and to conduct space research activities. At the present
time, however, the listed environmental impact statements, both program
and local site-specific, describe only those impacts associated with the
Space Shuttle as a space transportation system (STS). Any environmental
effects associated with payloads to be transported to space by the Space
Shuttle will be covered in separate environmental impact statements, if
warranted.




2. SPACE SHUTTLE PROGRAM

2.1 Background and Purpose

Since the space program began in the late 1950's, U.S. space missions
have been performed using a family of expendable launch vehicles. The
Saturn vehicles provided the launch capability for the manned lunar explora-
tion program (Apollo), the manned space station missions (Skylab), and the
joint U.S.-U.S.S.R. Apollo-Soyuz Test Project. The smaller Titan, Atlas,
Delta, and Scout launch vehicles are currently used to launch a variety of
automated spacecraft1 (e.g., communications satellites, weather satellites,
Earth-orbiting scientific satellites, and interplanetary exploratory space-
craft). These expendable Taunch vehicles have served the nation's space
program well; however, their use is Timited because of the cost incurred in
constructing a new vehicle for each mission. In the late 1960's and early
1970's, the need was identified for replacing (by the early 1980's) the
current expendable launch vehicles with low-cost reusable vehicles. The
Space Shuttle has been designed to fill that need.

The Space Shuttle will make routine space operations possible. Space
Shuttle flights will replace nearly all expendable launch vehicle missions,
both civilian and military. Payloads carried to and from Earth orbit will
include crew-operated, personnel-tended, or fully automated scientific or
applications satellites. Payloads will be used for applications in Earth
resources, environmental monitoring, communications, meteorology, and
geodesy. The Space Shuttle will provide space transportation for opera-
tional and developmental payloads for NASA, the U.S. Department of Defense
(DOD), the National Oceanic and Atmospheric Administration (NOAA), and
other U.S. government users. It will also accommodate the space transpor-
tation needs of future commercial and international organizations on a
cost-reimbursable basis.

2.2 Space Shuttle Vehicle

The Space Shuttle (fig. 2-1) consists of a piloted reusable orbiting
vehicle (the Orbiter) mounted on an expendable External Tank containing
hydrogen/oxygen propellants and two recoverable and reusable SRB's. The
Orbiter will have three main hydrogen/oxygen liquid rocket engines and a
cargo bay 18 m (60 ft) Tong by 5 m (15 ft) in diameter. Reference 2-1
provides considerable detail about the Space Shuttle.

The profile of a typical Space Shuttle mission is shown in figure 2-2.
At Taunch, both the SRB's and the Orbiter's 1iquid rocket engines will burn
simultaneously. When the Space Shuttle vehicle attains an altitude of ap-
proximately 43 km (27 miles), the SRB's will be separated and subsequently
recovered from the ocean. The External Tank is Jjettisoned before the Orbi-
ter goes into orbit. The Orbital Maneuvering System (OMS) is then used

1at1as and Titan vehicles were also used for the early Mercury and
Gemini manned flight programs.










to propel the Orbiter into the desired orbit. The Orbiter with its crew
and payload will remain in orbit to carry out its mission, normally from
1 to 7 days but, when required, as long as 30 days. When the mission is
completed, the Orbiter is deorbited and piloted back to Earth for an un-
powered landing on a runway. The Orbiter and SRB's will subsequently be
refurbished and reflown on other space missions.

2.2.1 Orbiter

The Orbiter (fig. 2-3) contains the crew and payload for the Space
Shuttle system. The crew compartment can accommodate 7 crewmembers and
passengers for some missions but will hold as many as 10 persons in emer-
gency operations. It can deliver to orbit payloads of 29 500 kg (65 000 1b)
with lengths of 18 m (60 ft) and diameters of 5 m (15 ft). The Orbiter is
comparable in size and mass weight to modern transport aircraft; it has
a dry mass of approximately 68 000 kg (150 000 Tb), a Tength of 37 m
(122 ft), and a wingspan of 24 m (78 ft).

The three main propulsion rocket engines used during launch are con-
tained in the aft fuselage. The rocket engine propellants (1iquid hydro-
gen and liquid oxygen) are contained in the External Tank, which is jetti-
soned before initial orbit insertion. The engines for the OMS are housed
in two external pods on the aft fuselage. The OMS provides thrust for
orbit insertion, orbit change, rendezvous, and return to Earth. The Reac-
tion Control System (RCS) is located in the two OMS pods and in a module
in the nose section of the forward fuselage. The RCS provides attitude
control in space and precision velocity changes for the final phases of
rendezvous and docking or orbit modification during reentry and descent.
Both the OMS and RCS employ monomethylhydrazine (MMH) as fuel and nitrogen
tetroxide as oxidizer. The various Orbiter aerodynamic control surfaces
provide attitude control in the lower atmosphere. The Orbiter is designed
to 1ang at a speed of 95 m/sec (210 mph), similar to current high-performance
aircraft.

The Orbiter structure is constructed primarily of aluminum protected
by reusable surface insulation (RSI). The Thermal Protection System (TPS)
is installed on the outer surface to protect the vehicle from the high
temperatures generated during Taunch and reentry into the atmosphere from
orbit. The TPS is composed of two types of RSI tiles, a high-temperature
structure coupled with internal insulation, thermal windowpanes, coated
Nomex felt, and thermal seals to protect against aerodynamic heating.

2.2.2 Solid Rocket Booster

Both SRB's burn for approximately 2 min with the main propulsion
system of the Orbiter to provide initial ascent thrust during the Space
Shuttle Taunch phase. Each SRB consists of several subsystems: the
Solid Rocket Motor (SRM), various structures, separation motors, separa-
tion and recovery avionics, thrust vector control, and recovery systems.
A cutaway view of the Space Shuttle SRB is shown in figure 2-4. The
dimensions and the approximate weights and thrust of each SRB are cited
in the figure.
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The heart of the SRB is the reusable SRM. The motor consists of 11
steel case segments assembled into four propellant-loaded segments: a
forward segment, two interchangeable cylindrical center segments, and an
aft segment incorporating provisions for nozzle attachment and attachment
points to the External Tank. The propellant is case-bonded polybutadiene
acrylonitrile (PBAN) composite propellant (70 percent ammonium perchlorate,
16 percent aluminum, and 14 percent PBAN binder). A single movable nozzle
provides for thrust vector control. The nozzle position is controlled by
two hydraulic actuators supplied by a pair of hydrazine-fueled turbine-
driven hydraulic power units mounted in the aft skirt.

2.2.3 External Tank

The External Tank (fig. 2-5) contains the propellants for the Orbi-
ter's main engines: T1liquid hydrogen fuel and liquid oxygen oxidizer.
A11 fluid controls and valves (except the vent valves) for operation of
the main propulsion system are located in the Orbiter to minimize throw-
away costs. Antivortex and slosh baffles are mounted in the oxidizer tank
to minimize liquid residuals and to damp fluid motion. Five lines (three
for fuel and two for oxidizer) interface between the External Tank and
the Orbiter. A1l are insulated except the oxidizer pressurization line.
Liquid-level point sensors are used in both tanks for loading control.
The approximate dimensions, tank weight, and propellant loadings are cited
in figure 2-5.

The External Tank is constructed of aluminum alloy skins with support
or stability frames as required. Spray-on foam insulation is applied to
the complete outer surface of the External Tank, including the sidewalls
and the forward bulkheads. This spray-on ablator is applied to all protu-
berances, such as attachment structures, because shock impingement causes
increased heating to these areas.

2.3 Phases of the Space Shuttle Program

The Space Shuttle Program consists of two distinct phases, develop-
ment and flight operations. The Space Shuttle is currently in its devel-
opment phase; the flight operations phase should begin in 1979. The
development phase includes facility activation, modification or con-
struction and design, production, test, and delivery of Space Shuttle
flight test articles. The flight operations phase covers the production
and delivery of required Space Shuttle flight articles and all orbital
flights from the John F. Kennedy Space Center (KSC), Florida; and Vanden-
berg Air Force Base (VAFB), California. A timetable for major activities
in the development and flight operations phases is given in table 2-1.
The following subsections summarize development and flight operations
phase activities of the Space Shuttle Program.
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TABLE 2-1.-- TIMETABLE FOR MAJOR SPACE SHUTTLE PROGRAM ACTIVITIES

ACTIVITY

-CALENDAR YEAR

1980

1985

ORBITER:

MAIN ENGINE TESTS

OMS/RCS TESTS

APPROACH AND LANDING TESTS
TRANSPORT OF ORBITER

SOLID ROCKET BOOSTER:
SRM TEST FIRINGS

SRM TRANSPORT
RECOVERY SYSTEM TESTS

EXTERNAL TANK:
PRODUCTION AND TRANSPORT !
ENGINE FIRINGS OF TANK ‘

LAUNCH AND LANDING FACILITIES

DEVELOPMENT:

KSC
VAFB

FLIGHT OPERATIONS:

SIX TEST FLIGHTS
KSC OPERATIONAL FLIGHTS
VAFB,OPERATIONAL FLIGHTS

' 'KSC "VAFB

10




2.3.1 Development Phase

Development of the Space Shuttle vehicle is managed by NASA, with
most of the development work being performed by various aerospace contrac-
tors. NASA Headquarters in Washington, D.C., and NASA's Lyndon B. Johnson
Space Center (JSC) in Houston, Texas, have responsibility for the overall
management of the Space Shuttle Program. NASA/JSC is also responsible for
the development of the Orbiter. NASA/MSFC in Huntsville, Alabama, is re-
sponsible for development of the Space Shuttle's main engine, the External
Tank, and the SRB. NASA/KSC and the DOD/VAFB will be responsible for Tlaunch
and recovery operations.

The names of the major contractors that support NASA in the design,
development, test, and evaluation (DDT&E) of the Space Shuttle vehicle and
its related systems or facilities are cited in figure 2-6. The NASA-owned
or contractor facilities at which major production and test activities
will be performed are identified in figure 2-7. Key activities performed
at each site are also noted in the figure.

The major development areas are Orbiter, SRB, External Tank, crew
training, and launchsite development. The Space Shuttle test program
includes vibration tests, main propulsion system and engine tests, avi-
onics system tests, SRB tests, structural tests of the External Tank and
the Orbiter, and the approach and landing tests (ALT's). -

2.3.1.1 Orbiter Development

NASA/JSC is responsible for the development of the Orbiter. The
Space Division of Rockwell International, located in California, is the
prime contractor. Rockwell has subcontracted development and fabrication
of major and minor subsystems to various contractors throughout the United
States. Figure 2-8 shows the distribution of Orbiter subcontracts. Many
of the subcontractors are expected to participate in the Space Shuttle
Program during the flight operations phase.

Two Orbiters will be constructed as part of the DDT&E program. Major
milestones in the program include production rollout of Orbiter-101 (Sep-
tember 1976) and Orbiter-102 (1978), the beginning and completion of the
ALT program (1977 -- Orbiter-101 carried aloft piggyback and released by
a Boeing 747 carrier aircraft), main engine test firings (1977), and the
first manned orbital flight (1979).

Development activities associated with the Orbiter include the DDT&E

of the Orbiter subsystems: Orbiter main engine tests, OMS and RCS engine
tests, transport of the Orbiter, ALT's, and flight readiness firing.

2.3.1.1.1 Main Engine

Managing the deve]bpment of the Space Shuttle's main engine is the
responsibility of NASA/MSFC. The development and production contract for

11
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the oxygen/hydrogen main engine was awarded to the Rocketdyne Division of
Rockwell International. Under the current contract, 10 developmental and
7 production engines are to be built at Rocketdyne's Canoga Park,
California, facility.

To develop and qualify the main engine for manned Space Shuttle
f1ight, personnel at the National Space Technology Laboratories (NSTL) in
Bay St. Louis, Mississippi, and the Santa Susana Test Facility in Santa
Susana, California, have been conducting static test firings of the en-
gine (see fig. 2-7). The test programs and associated environmental ef-
fects are described in some detail in an environmental impact statement
for each site (refs. 1-4 and 1-2, respectively). Existing facilities,
suitably modified, are being used at both sites; these test programs have
been under way for some time.

2.3.1.1.2 Engine Tests of the Orbital Maneuvering and Reaction Control
Systems

The Space Shuttle OMS and RCS will be contained in integrated mod-
ules being developed by McDonnell-Douglas Astronautics Company (MDAC) in
St. Louis, Missouri. Test firings of the OMS and RCS engines will be con-
ducted as the White Sands Test Facility at Las Cruces, New Mexico.

Both the OMS and RCS engines use nitrogen tetroxide (oxidizer) and
MMH (fuel) propellants which are hypergolic (i.e., which ignite spontane-
ously upon contact with each other). Hypergolic engines have been tested
at the White Sands Test Facility since 1964, and the facility is well
equipped to handle the OMS and RCS tests.

2.3.1.1.3 Transport of the Orbiter

The Orbiter is not designed for powered atmospheric flight (except on
ascent to Earth orbit); therefore, it must be transported on carrier vehi-
cles between production facilities, test sites, launchsites, and Tanding
sites. There are two types of carrier vehicles, one for ground transport
and one for air transport.

The Orbiter will be transported from the Palmdale Assembly Facility
to the Edwards Air Force Base (EAFB)/Dryden Flight Research Center (DFRC).
For this overland transport of approximately 56 km (35 miles), the Orbiter
will be mounted on a commercial transporter, which can be towed by a stand-
ard heavy-duty truck tractor over standard roads. Figure 2-9 shows the
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Orbiter mounted on a commercial transporter, and figure 2-10 shows the
overland route between the Palmdale Assembly Facility and EAFB. This ac-
tion and the environmental effects thereof are described in reference 1-3.
The first transport of Orbiter-101 was accomplished in March 1977. The
Orbiter-101 will be returned to Palmdale via the same route. At later
dates, one-way transits of all five Orbiters will occur. Overland trans-
port at other Tocations, such as at KSC, VAFB, MSFC, and DFRC, will re-
quire a powered transporter to pull the Orbiter while supported by its
landing gear. Transport at these Tlocations will occur entirely on gov-
ernment property.

X=50 N 00

Figure 2-9.-- Orbiter supported on commercial transporter.

The primary means of Tong-distance transport is by mounting the Orbiter
piggyback on a modified Boeing 747 aircraft as shown in figure 2-11. The
Boeing 747 will be used to ferry the Orbiter to and from the following
sites: EAFB/DFRC, MSFC, KSC, and VAFB. During Space Shuttle development,
the Boeing 747 Space Shuttle carrier aircraft is being used extensively

in the Orbiter ALT program. At present, three ferry flights are planned
before the start of the Space Shuttle orbital flight operations phase:

® Ferry flight of Orbiter-101 from EAFB to MSFC for ground vibration
tests.

o Ferry flight of Orbiter-102 from EAFB to KSC for the first manned
orbital flight of the Space Shuttle.

o Ferry flight of Orbiter-101 from MSFC to EAFB for subsequent
ground transport to the Palmdale Assembly Facility.
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2.3.1.1.4 "Approach and Landing Test (ALT) Program

The primary objectives of the ALT program were to demonstrate the
approach and horizontal landing capability of the Orbiter and the ferry
operations of the Orbiter atop a Boeing 747 (see fig. 2-11). The ALT
program involved five types of flight tests: carrier aircraft test-
ing, captive inert Orbiter testing (unmanned), captive active Orbiter
testing (manned), Orbiter free-flight testing (manned), and ferry opera-
tions testing (unmanned). The program was conducted at the EAFB/DFRC.

The Boeing 747 Space Shuttle carrier aircraft has completed the pro-
gram of carrier aircraft testing; the program of testing the mated carrier
aircraft and Orbiter with the latter in an unmanned, inert configuration
is also now finished.

During 1977, captive active Orbiter tests and Orbiter free-flight
and landing tests involving mid-air separation from the Space Shuttle
carrier aircraft were conducted. The Orbiter landing tests involved the
ascent of the Orbiter (manned) Space Shuttle carrier aircraft followed
by a mid-air separation of the Orbiter from the aircraft and a free-flight
glide of the Orbiter to a runway Tanding on Rogers Lake bed at EAFB. This
test series of about eight flights has been completed.

2.3.1.1.5 Flight Readiness Firing

In preparation for the first manned orbital flight of the Space
Shuttle vehicle, a flight readiness firing of the Orbiter's main engines
may be required. The Shuttle vehicle that will make the first manned
orbital flight will be placed into launch position on Pad A at KSC Space
Launch Complex 39. The flight readiness firing will last 20 sec and will
provide prelaunch validation of the flight and ground hardware and soft-
ware. Techniques and procedures for propellant loading and launch count-
down, including safing techniques, will also be verified. After the
flight readiness firing, the Shuttle vehicle will remain on the launch
pad, and final preparations for the first orbital flight will begin.

2.3.1.2 Development of the Solid Rocket Booster

NASA/MSFC has the overall responsibility for the development of
the Space Shuttle SRB (see fig. 2-7). The key milestones in the SRB
project are the successful static test firings of the SRM's at the
Thiokol/Wasatch Division in Promontory, Utah, and the delivery of SRB
hardware to KSC for the first manned orbital flight of the Space Shuttle.
A1l aspects of the SRB project reflect the knowledge and experience
gained in the previous fabrication and processing of large SRM's and
their components (e.g., 120-, 156-, and 260-inch SRM's). The SRB devel-
opment program is unique in that the SRB has been designed to be recov-
erable and reusable. Current plans are to have each SRB flown in at
least 20 missions.
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The development of the SRB is being accomplished by industrial and
governmental agencies. NASA/MSFC has played a major role in the design of
the SRB and its subsystems. Numerous contractors throughout the nation
are supporting the effort (see fig. 2-12). Many of these same contractors
are expected to continue to participate in the SRB project during the
operational flight phase of the Space Shuttle Program.

Major development activities associated with the SRB project include
the DDT&E of the SRM, the separation motor, and the recovery system. The
Space Shuttle SRM project was awarded to the Wasatch Division of the
Thiokol Corporation located near Promontory, Utah. The project involves
the processing of 19 SRM's and static testing of 7 SRM's at Thioko1/
Wasatch Division, the delivery of 12 SRM's to NASA/KSC, and the delivery
of 2 inert and 3 empty SRM's to NASA/MSFC.

To develop and qualify the Space Shuttle SRM for manned Space Shuttle
flights beginning in 1979, seven SRM's have been scheduled for horizontal
static test firing at the remotely located Thiokol/Wasatch plantsite. The
SRM static test firings have been scheduled for an 18-month period begin-
ning in July 1977 and Tasting through December 1978.

The 12 SRM's, which will be shipped from Thiokol/Wasatch to KSC to
support the first six Space Shuttle orbital flights, will be transported
via rail as individual motor segments. The segments will have covers over
the open ends of the grain, and each segment will be encapsulated by a
shroud. The shroud is designed to protect the segment from the elements. -
Upon recovery of spent SRM's at KSC, the empty case segments will be re-
turned, via rail, to Thiokol for subsequent refurbishment and future reuse.

The booster separation motor (BSM) program consists of processing,
testing, and delivering BSM's in support of the Space Shuttle Program.
The program, under the direction of MSFC, involves the processing of 144
and static testing of 38 BSM's at United Technologies Corporation/
Chemical Systems Division, Sunnyvale, California; the delivery of 106
BSM's (96 for Shuttle flights and 10 spares) to KSC, Florida; and the
processing and delivery of 4 inert BSM's to MSFC.

NASA/MSFC, in conjunction with Martin Marietta Corporation, Pioneer
Parachute Company, and the DFRC, plans to test the SRB recovery parachutes
near E1 Centro, California. These tests are necessary for the development
of a reliable SRB recovery system. The tests (13 in all) will be con-
ducted at the National Parachute Test Range during 1977 and 1978 by drop-
ping a 23 000-kg (50 000-1b) cast iron mass and parachute system at approx-
imately 6000 m (20 000 ft) from a B-52 aircraft. The aircraft employed
will take off and land from EAFB. The mass and parachute system will be
mated to the B-52 in a similar fashion as was done with previous X-15 tests.
Adequate safety precautions will be taken to avoid premature release of
the mass and the parachute system.

2.3.1.3 Development of the External Tank

The External Tank is the only major element of the Space Shuttle sys-
tem that is expendable. The External Tank is released from the Orbiter

20




.‘\ PARACHUTES
SIGNAL CONDITIONER MODULES PIONEER PARACHUTE CO.
ELDEC CORPORATION

MANCHESTER,
LYNWOOD, WASHINGTON CONNECTICUT

TVC ACTUATORS
ALUMINUM POWDER MOOG
ALCAN BUFFALO, NEW YORK
BERKELEY, CALIF.
CASE FORGINGS NSULATION

LADISH CO. OHIO RUBBER
SRM NOZ2ZLE COMPONENTS MILWAUKEE, WISCONSIN

WILLOUGHBY, OHIO
KAISER AEROSPACE G

SAN LEANDRO, CALIF. TVC AUXILIARY POWER UNIT
SUNDSTRAND CORPORATION

TVC HYDRAULIC PUMP ROCKFORD, ILLINOIS \.
ABEX CORPORATION SOLID ROCKET MOTOR (SRM)

OXNARD, CALIFORNIA THIOKOL CORPORATION WATERPROOF CONNECTORS
BRIGHAM CITY, UTAH BENDIX, ELECTRICAL
‘ COMPONENTS DiViSION
RECOVERY SYSTEM o S'DNSE;' NEW YOREK
FREQUENCY DIVISION MULTIPLEXER
WIDEBAND AND STRAIN MARTIN MARIETTA
GAUGE SIGNAL CONDITIONER DENVER, COLORADO AYDIN VECTOR DIVISION
K_WEST NEWTOWN, PENNSYLVANIA

ALUMINUM POWDER
WESTMINSTER, CALIFORNIA A \MIMONIUM PERCHLORATE POWDER ALCAN

.\ o KERR McGEE/PACIFIC ENGINEERING INTEGRATED ELECTRONICS ASSEMBLY  ELIZABETH, N, J.

BENDIX
VADA
HENDERSON. NE TETERBORO, NEW JERSEY
SRB STRUCTURES
McDONNELL DOUGLAS COMPANY PBAN BINDER
. P
HUNTINGTON BEACH, CALIFORNIA AMERICAN SYNTHETIC RUBBER SNGER KA rER
@< MULTIPLEXER/DEMULTIPLEXER  LOUISVILLE, KENTUCKY LITTLE FALLS NEW JERSEY
" .
TVC ISOLATION VALVES TN, ST SYSTEMS
CONSOLIDATED CONTROLS ‘ TVC FUEL SUPPLY MODULES
CORPORATION ARDE
RANGE SAFETY RECEIVERS
EL SEGUNDO, CALIFORNI AHWAH, NEW
L SEGUNDO, CAL A N e MAHWAH, NEW JERSEY
PHOENIX, ARIZONA
SRM SAFE AND ARM DEVICE OENIX, ARIZON BOOSTER ASSEMBLY
— CONSOLIDATED CONTROLS CORP. T8D .
LOS ANGELES, CALIF.
ALUMINUM POWER KENNEDY SPACE CENTER
ALCOA
SRM CASE HEAT TREAT
o e ROCKDALE, TEXAS
LOS ANGELES, CALIF.

SRM CASE MACHINING
= ROHR INDUSTRIES
CHULA VISTA, CALIF.

SRM INSULATION
[~ KIRKHILL RUBBER
BREA, CALIF.

IGNITER COMPONENTS
= FANSTEEL/PSM
LOS ANGELES, CALIF.

Figure 2-12.-- Distribution of major solid rocket
booster/motor development contractors.




approximately 30 sec after main engine cutoff. It breaks up and impacts
downrange in a remote ocean area (the Indian Ocean for KSC launches and
the South Pacific Ocean for VAFB launches). NASA/MSFC is responsible for
development of the External Tank. The contract for the development and
production of the External Tank has been awarded to the Aerospace Divi-
sion of Martin Marietta Corporation of Denver, Colorado. However, all
tank production will be carried out at NASA/MAF (see figs. 2-6 and 2-7).
Facility location and availability and the existence of waterw