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ABSTRACT

- . This assessment presents the results of a comprehensive, generic analysis
of the environmental effects of STS mission payloads and associated operations
from 1982-1991. A traffic model, incorporating a mission data base, has provided
the basis identifying the cumulative, regional, and interactive effects of these

anticipated STS missions.

Because this 'assessment incorporates a broad spectrum mission payloads,
the "preparation of environmental assessments on future STS flights will not be
necessary. Aménvironmental assessment-short form (Appendix A)'Will'se complefed™
for+eacHHMISSion oN A g1ven 515 flight. The results of this environmental assessment
will be integrated with the mission particular characteristics and summarized on
this form.

.From the perspective of payload ground and flight operations, no significant,
long term, adverse impacts are anticipated under the Proposed Action. Hazards
and risks associated with the Shuttle and/or payload operations are minimized to
the maximum extent feasible through NASA's safety and design requirements.
Accidents, therefore, are of low probability and would result in local and temporary
effects. Of greater significance are the potential social (e.g. education and
technology spinoffs) and customer (e.g. cost savings and research knowledge gains)
benefits anticipated. Under the Expendable Launch Vehicle/Sounding Rocket and
No-Action Alternatives many of these benefits would be markedly reduced or
eliminated. The environmental consequences of STS, expendable launch vehicle,
and sounding rocket launches have been incorporated into this assessment. The
results of this generical environmental assessment of STS payloads support a Finding
of No Significant Impact.
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1.0 SUMMARY AND CONCLUSIONS

This assessment identifies the potential environmental effects of the Space
Shuttle launch and operation of payloads. Under the Proposed Action, the Space
Shuttle would be utilized for the performance of 928 missions in space from
1982-1991. Two major alternatives to the Proposed Action were identified as
reasonable approaches to achieving the payload mission objectives. These included
the use of expendable launch vehicles/sounding rockets (Expendable Launch
Vehicle/Sounding Rocket Alternative) and terrestrial systems (No-Action
Alternative). Because of technical and operational constraints, many of the proposed
missions could not be achieved under the two alternatives; in the case of the
No-Action Alternative, for instance, about 40 percent of the unclassified missions
(exclusive of National Security, Mid-deck experiments, and Get Away Specials)
would have to forego anticipated benefits under the Proposed Action. Under the
Expendable Launch Vehicle/Sounding Rocket Alternative, many of the automated
payload missions, such as satellite deployment and small research missions, could
be achieved.

1.1 Proposed Action

The Proposed Action addressed in this document is the utilization of the
Space Transportation System (STS) for the performance of missions in space.
Potential missions span a number of areas, including science and applications,
technology development, commercial applications and National Security applications,
and involve varying degrees of services and associated support systems.

An STS Traffic Model provided a basis for estimating the future STS impacts
and includes 928 missions (exclusive of classified military missions), scheduled
on 124 flights (exclusive of reflight opportunities and National Security flights)
from 1982-1991.

The payload categorization is based on the potential space operations: launch
vehicle (i.e. Orbiter) integrated missions, and free-flying missions. Launch vehicle
integrated missions include payloads which remain attached to the Orbiter throughout
its operation; are deployed and retrieved on a single flight or; are returned to Earth.
Mid-deck experiments, Spacelab, Get Away Specials, and Landsat retrieval are
examples of payloads within this mission class. Free-flying missions include payloads
which are deployed from the cargo bay and remain detached permanently or are
retrieved on a subsequent flight or; are retrieved, serviced, and redeployed on a
single flight. The Long Duration Exposure Facility, Gamma Ray Observatory,
communication satellites, and planetary spacecraft are exemplary of payloads
in this latter class.

1.2 Alternatives to the Proposed Action

The two alternatives to the Proposed Action are: (1) continue the U.S. Space
Program, but with the use of expendable launch vehicles (ELV); or (2) no-action,



which would be to use terrestrial-based research, development, science and
technology application, and communication systems. These two alternatives are
described below.

1.2.1 Expendable Launch Vehicles

One alternative to the Proposed Action is the use of expendable laur~h
vehicles (ELVs) and sounding rockets to achieve the payload mission objectives.
The population of launch vehicles available encompasses both the U.S. and
international countries; however, a subset of this population was selected as
reasonable alternatives.

As an alternative to the Space Transportation System, ELVs and sounding
rockets offer a wide but limited capability for orbital and suborbital missions. All
missions are automated and include scientific, commercial, and DOD applications.

The ELVs provide orbital launch capability and include a variety of solid
and liquid-staged vehicles; Titan, Atlas-Centaur, Delta, Scout, and Ariane. The
Titan, Atlas-Centaur, Delta, and Scout are U.S. rockets primarily launched from
the Eastern Test Range (ETR), Florida, and the Western Test Range (WTR), California
(the Scout is-launched from Wallops Flight Center, Virginia, WTR, California and
San Marco, Africa). Ariane is a European vehicle launched from the Centre Spatial
Guyanais-Guiana Space Center (CSG) in French Guiana, South America and is under
the -direction of the Centre National D'Etudes Spatiales (CNES) and. the European
Space Agency (ESA). For high energy missions, upper stages are coupled with the
base vehicles. Typical upper stages include the Centaur, the Payioad Assist Module
(PAM), and the Inertial Upper Stage (IUS), among -others. Sounding rockets provide
a wide variety of suborbital and low-orbit mission capabilities. Both solid and liquid
propellants are used for propulsion on these launch vehicles.

1.2.2 No-Action Alternative

The No-Action Alternative is defined as the fulfillment of the mission
objectives through ground-based or terrestrial systems. This implies that the system
characteristics and operations are substantially similar to the system that is being
substituted. For many of the payloads, space applications represent a substitute
for, extension of, or advancement of terrestrial systems. Communications and
many environmental monitoring systems are examples of systems that, in most
cases, have terrestrial equivalents.

Research and science and application payloads represent unique cases where
terrestrial equivalents are virtually preempted. In these instances, the space
environment characteristics are utilized for research, experiments, and testing
and usually can not be duplicated on earth. Examples of payloads in this class are
life science and physical science experiments requiring long duration exposure
to microgravity, or Earth observational measurements requiring synoptic views.
There are also payload-related activities that are, by definition, space operations.
Satellite servicing, maintenance and retrieval, and search and rescue missions are
exemplary of services that may be required for a payload. Based on these



considerations, some payload characteristics and activities precluded the feasibility
and practicality of a terrestrial equivalent. These include mission activities related
to: (1) payload servicing and maintenance; and (2) payload retrieving. These also
include those missions with the characteristics/requirements of: (1) long duration
exposure to microgravity environment or other unique space environment parameters
(e.g., ultra-high vacuum, high energy radiation, large volume of ionized gases);
(2) viewing direction (e.g., synoptic views); and (3) other sampling and measurements
and/or validation requirements (physical, chemical, spectroscopic, etc.) beyond
terrestrial capabilities both technically and economically (e.g., highly accurate
pointing and stability).

1.3 Environmental Consequences of the Proposed Action and Alternatives

The environmental analysis addresses seven environmental categories
(socioeconomics; space quality; air, land, and water quality; noise; biotic resources;
human health; and resource use) under a normal-operation scenario. An eighth
category, accidents, was distinguished to address the possible environmental effects
resulting from human error or mechanical/electrical failures of equipment and
subsystems. The magnitude and type of impact, the duration, geographical context,
and the potential for interactive and cumulative effects were considered for each
of these aforementioned categories.

-The process for analysis of the environmental effects from the launch vehicle
and payload operations incorporated previous environmental assessments on launch
vehicle related effects. Because of the tiering approach to this analysis, the launch
vehicle and payload effects were evaluated on an independent basis initially, but
then integrated to establish the total mission effects.

The results of this analysis are summarized in matrix form for both the
launch vehicles and payloads and indicate that the launch vehicle impacts
(documented in previous environmental studies) would essentially eclipse those
associated with the payloads. From the perspective of payload ground and flight
operations no significant, long-term, adverse impacts are anticipated under the
Proposed Action. Specific findings of this analysis include:

Socioeconomics. Employment levels associated with payload manufacture,
support, and servicing, would be relatively small and geographically dispersed in
comparison with launch vehicle systems. Of greater significance are the potential
social (e.g., education and technology spinoffs) and customer (e.g., cost savings,
research knowledge gains) benefits anticipated under the Proposed Action.

The nation's support of and interest in the space program is clearly evinced
by the high media exposure and presence of observers at each STS launch. This
interest in the success of each mission contributes to and fosters pride in national

space efforts.

The successful launch of the Shuttle and the completion of mission objectives
provides a technical data base for continuous improvements in both the STS and



the design and operation of payloads. The STS and future technology spinoffs are
indispensable to performing future missions and maintaining leadership in space
exploration.

International cooperation on research efforts allows exchange of technical
data and collaboration of experts in scientific fields on topics ranging from basic
theories of space phenomena to payload design optimization. The sharing and
contribution of space hardware, experimental results, and research talents are
strong technology drivers which could accelerate developments and knowledge
in basic science and applications (e.g. atmospheric and space plasma physics) and
potential commercial ventures and spinoffs (e.g. ~materials procesing,
communications).

The Get Away Specials are exemplary of a payload class that encourages
a positive and ambitious viewpoint of science, engineering, and technology by youth.
This attitude is essential not only to encouragement of careers in science and
engineering, but also to maintenance of the U.S. lead in technology and space.

The development and execution of commercialization opportunities is
dependent on the fundamental research and development activities being initiated
on' the Shuttle over the next decade. Research and- technology peformance tests.
in- such areas as materials processing (e.g., glass fibers, pharmaceuticals);
communications and Earth resource satellites and measurement systems; satellite
servicing and; construction and assembly of subsystems in space are exemplary
of the efforts being initiated that will affect the design, cost, and safety of
spacecraft missions and operations.

Spinoff is the emergence of new products and processes which have origins in
technology originally developed to fulfill the goals of NASA aerospace programs.
There have been thousands of such spinoffs, each contributing some measure of
benefit to the material economy, productivity, or lifestyle. In the aggregate, they
represent a substantial dividend on material investment in aerospace research.
The payload missions identified in this report produce direct public and user benefits
while simultaneously contributing indirect benefits (spinoff) by generating new
technology which may lead to secondary applications in the future.

The value of the benefits to the customers of the STS is inherently related
to the nature of the payload mission - the technology, risk, system cost, and
availability of equivalent systems. Consequently, the value of benefits for science
and application, space processing, communications, and other free flying and
integrated missions must be evaluated with respect to the mission requirements
and compared to other alternatives. A partial listing of potential benefits is provided
below:

e Lower transportation costs

e Reduced equipment cost, enhanced availability, and longer service life

from STS maintenance and servicing capability

e Ability to react to unexpected or transient events

e Accelerated understanding and insights from real time involvement of

payload specialists and crew in experiments

e Ability to construct, assemble, and checkout systems that may be difficult

to alter or modify



e Ability to simplify designs that involve complex deployment mechanisms
e Production of higher quality/quantity products.

With the use of alternative launch vehicles or ground-based systems many
of these benefits would be markedly reduced or eliminated.

Space Quality. The present and future orbital debris population in Low Earth
Orbit (LEO) and Geostationary Orbit (GEO) was analyzed with respect to the Traffic
Model for the Space Shuttle from 1982 to 1991 to determine the collision probability
of orbital debris with operational payloads. Conservative estimates indicate that
by 1991, well over 900 objects would have to be released per one week mission
to achieve a collision probability of 1072,

The Traffic Model includes 175 upper stages that are projected to be used
for space missions over the next decade. The macroparticle debris generated in
various orbits as a result of these space missions under the Proposed Action would
be 184 objects. Use of expendable launch vehicles would raise this number to over
340 objects. Most of this additional debris would be associated with LEO.

In both LEO and GEO, on-orbit collisions would adversely affect future space
operations by increasing the likelihood of additional collisions and failures for
operating spacecraft. While the threat to space operations from the debris population -
is not yet severe, continued use of space without regard to the consequences of
populating the environment with additional objects may have a significant and
adverse effect on space operations over the next 30 years. Programs to control
the rate of debris deposition represent the most effective, near-term alternative
to controlling the debris hazard.

Air, Land, and Water Quality. The environmental effects on air, land, and
water quality from payload manufacture through post-flight processing are expected
to be negligible. Sources of these effects include: payload manufacture (waste
products from primary production and assembly operations); launch site processing
and testing; and post-flight reprocessing (e.g., venting, purging, and cleaning
operations). Adherence to regulatory and safety practices and procedures would
limit the impact to air, land, and water quality from the storage, release, or use
of materials and/or wastes.

Noise. Noise effects from payloads are expected to occur in association
with payload manufacture and launch site pre- or post-processing activities (e.g.,
engine test firings of upper stages). Relative to other noise sources and levels,
these sources should not cause a major disturbance or annoyance to the general
public. Occupational safety and health regulations limit worker exposure over
a period of 8 hours to a sound level of 90 dB,. These regulatory limits, implemented
through engineering controls and safe practices, serve to protect worker health.
Consequently, no adverse noise impacts are anticipated from payload manufacture
or launch site operations.

Biotic Resources. Based on the results of the analyses performed relative
to the potential for waste steam generation from payload activities, no long-term
or cumulative effects on flora or fauna are predicted. Most of these effects are
traceable to the manufacturing process and, on a per payload basis, are negligible.




Direct impacts on endangered or threatened species and critical habitat are not
anticipated because of the small quantities of waste or low risk associated with
the payload manufacturing and operational cycle.

Health. Public and occupational health effects are anticipated to be
significant. - Payload ground and flight operations will not involve significant
quantities of hazardous emissions or high risk operations which would affect the
safety of crew or employees.

Resource Use. Natural and cultural resource commitments are insignificant
when compared to national data bases. Shuttle-related energy and material demands
are significantly larger than payload commitments. On a cumulative basis, generic
estimating techniques indicate that total energy commitments will require less
than 0.1 and 0.0016 percent for the Shuttle launches and satellite payloads,
respectively. Material commitments also are negligible on a national scale and
primarily involve steel, aluminum, composites, titanium, and solid and liquid
propellants.

Accidents. Under worst-case scenarios, some payloads and payload operations
could result in damage to the Space Transportation System equipment or personnel.
The probability and severity of these events, however, are reduced or eliminated
with appropriate hazard controls: - NASA's Safety Policy and Requirements are
directed at protecting flight and ground personnel, the STS, other payloads, the.
general public, and the environment from payload-related hazards.

In general, differences between the Proposed and Alternative Actions'
environmental effects are not significant. The most noteworthy differences involve
the reduced benefits to society and STS customers because of the more limited
capabilities and services offered by alternative launch vehicles or ground-based
systems. Reductions in environmental effects also would be commensurate with
the number of missions that would have to be abandoned with the Expendable Launch
Vehicle alternative, additional space debris would be generated over the Space
Shuttle option for a given mission. The space debris issue is present regardless
of the alternative examined and will require further monitoring and evaluation
during the next decade.

1.4 Recommendation

The Shuttle launch of payloads is the currently preferred approach to achieving
the goals of NASA and other agencies, organizations, private companies, and other
nations in relation to the types, classes, and numbers of payloads described in this
assessment. The alternatives do not offer the flexibility and capabilities of the
Space Shuttle. The negative environmental effects of the Proposed Action are
minimal while the potential benefits are very great. Because of this, a Finding
of No Signifcant Impact for the Proposed Action of STS launch of payloads is
recommended.




2.0 PURPOSE AND NEED

With the successful completion of the Space Shuttle Development tests
(STS 1-4) and the first operational flights (STS 5-13), the United States has begun
to achieve and measure the benefits of man's presence in space. Through the
operation of the versatile, reusable Space Shuttle, continued achievement of national
space goals can be expected as the launch rate increases through the 1980's. These
goals are to (NASA/Hq, 1983g):

e Conduct an effective and productive space science program which expands
human knowledge of the Earth's environment, the solar system, and the
universe

e Conduct effective and productive space applications and technology
programs which contribute materially toward U.S. leadership and security

e Expand opportunities for U.S. private sector investment and involvement
in civil space and space-related activities

e Develop and apply advanced technology and management practices (under
NASA leadership) which contribute-signficantly to national productivity.

A broad range of direct and indirect environmental impacts was foreseen
during the development and operational phases of the Space Transportation System
(STS). To date environmental impact statements have been prepared for the overall
Shuttle Program, launch site operations, and various development and test activities.

In addition, environmental assessments have been prepared on the potential
. environmental effects of the launch and operation of payloads by the STS on a
per flight basis (NASA/Hq, 1982; 1983 (a), (b), (d), (e); 1984 (a), (b). “The results
of these environmental analyses indicate that the individual impacts from each
Space Shuttle mission could combine or interact to create different, larger, or
more complex types of environmental impacts than would generally be associated
with any one mission. The geographic extent of these collective impacts also could
reach beyond the locality into a larger region, whether it be the terrestrial or space
environment.

This document presents the results of a comprehensive, generic analysis
of the environmental effects of STS mission payloads and associated operations
from 1982-1991. A traffic model, incorporating a mission data base, has provided
the basis for identifying the cumulative, regional, and interactive effects of these
anticipated STS missions.

Because this assessment incorporates a broad spectrum of mission payloads,
the preparation of environmental assessments on future STS flights will not be
necessary. An environmental assessment short form (Appendix A) will be completed
for each mission on a given STS flight. The results of this will be integrated with
the mission particular characteristics and summarized on this form.
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3.0 DESCRIPTION OF THE PROPOSED ACTION AND IMPORTANT ALTERNATIVES

Under the Proposed Action, the Space Shuttle is projected to be utilized
to accomplish 928 missions from 1982-1991. These missions would be flown on
124 STS flights with approximately 80 percent of the flights originating from Kennedy
Space Center (KSC). In addition to these projected missions, which are the basis
for analysis of cumulative and interactive effects of multiple missions, generic
payloads also are defined to assess the effects of representative individual missions.
The characteristics of the launch vehicles and payload ground and flight operations
are provided below and serve as a baseline for establishing the environmental effects
due to launching payloads. Two major alternatives to the Proposed Action are
described. The Expendable Launch Vehicle/Sounding Rocket Alternative involves
the use of expendable launch vehicles or sounding rockets to achieve payload mission
objectives. The No-Action Alternative is defined as the fulfillment of missions
through the use of ground-based systems.

3.1 Payload Descriptions

The projected Traffic Model -includes 928 military and civilian payloads
{exclusive of National Security Missions) scheduled on 124 flights (exclusive of
reflight opportunities and National Security flights) from 1982-1991. The missions,
as outlined in this section, encompass numerous disciplines and cross-cut all phases
of the R&D cycle (i.e., from basic research to commercial operations).

Figure 1 illustrates the relationship between potential missions, services,
and support systems. Table 1 summarizes the payload design and operational
requirements for the STS and other launch vehicles.

In the context of this report, a mission is defined as the performance of
investigations or operations in space to achieve the customer's goals. A single
mission, therefore, could require more than one flight or more than one mission
could be accomplished on a given STS flight. The payload refers to the total
complement of instruments, equipment, support hardware, and consumables which
would accomplish the mission objective.

The missions are summarized in Table 2. The Traffic Model generated is
provided in Appendix B and details by flight, launch site, and year, the payloads
and associated characteristics (orbit, mass, carrier, propellants). Alternatives
to STS launches also are identified. The totals in Table 2 include delivery, servicing
retrieval, and sortie operations. This mission count reflects the number of mass
elements contained in the traffic model, not the number of mission steps involved
in the disposition of a mass element. Each time a user payload is transported,
handled and/or processed by an STS element it is counted as a mission. For example,
placing a materials processing free-flyer into orbit initially is counted as a delivery
mission. In the case of resupplying a free-flyer (exchange of finished product for
new material), it is counted as a servicing mission.

The Traffic Model includes missions that were excluded from analysis in
this assessment. These missions included those payloads which significantly modify
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the environment; contain or release radioactive material in excess of millicurie
quantities; result in long-term impacts due to high probability, catastrophic events
and; involve significant public controversy. By these criteria, Galileo, Chemical
Release Radiation Effects Satellite (CRRES), International Solar Polar Mission
(ISPM), and the Space Station-related payloads are excluded from detailed
consideration in this report. For these latter missions, separate environmental
impact statements must be prepared (NASA/Hq, 1981a). Missions involving national
security also have been excluded from this study because unclassified descriptions
were not available for the environmental analyses.

The missions have been placed into two general classes based on potential
space operations: launch vehicle (i.e. Orbiter) integrated payloads and free-flying
payloads. Launch vehicle integrated missions are defined as payloads which remain
attached to the Orbiter throughout its operation; are deployed and retrieved on
a single flight or; are returned to Earth. Mid-deck experiments, Spacelab, Get
Away Specials, Landsat retrieval, and the Tethered Satellites System (TSS), are
examples of payloads within this mission class. Free-flying payloads are those
payloads which are deployed from the cargo bay and remain detached permanently
or are retrieved on a subsequent flight or; are retrieved, serviced, and redeployed
on a single flight. The Long Duration Exposure Facility (LDEF), Gamma Ray
Observatory (GRO), communication satellites, and planetary spacecraft are examples
of payloads in this latter class.

Separation of payloads into these mission classes is based on a consideration
- of the differences in the type and magnitude of associated environmental effects.
Generic features of these missions are noted in the following subsections.
Representative payloads also are identified within these mission classes.

3.1.1 Launch Vehicle Integrated Payloads

Launch vehicle integrated payloads described in this Section include Mid-deck
experiments, Get Away Specials, Spacelab, and other science, technology, and
application missions.

Mid-Deck Experiments. The Space Shuttle Orbiter Mid-deck not only provides
a habitat and storage facility in space, but also the capability to carry a number
of experiments. These experiments may be automated or involve human interaction
in a laboratory environment similar to that of Spacelab. The utilities of the Mid-deck
include crew accommodations, general storage provisions, and experiment utilities.
Major crew accommodations include a waste collection system, sleeping station,
food system, personal hygiene system, and a housekeeping system. The Mid-deck
provides area for 42 storage lockers, with reusable trays in each locker. Two
standard-sized trays, one large and one small, are available with egg crate-type
dividers and appropriate equipment restraints. The lockers are limited by center
of gravity constraints and a 27 kg maximum allowable locker mass (NASA/JSC,
1980a).

A wide variety of experiment payloads have been flown on the Mid-deck,
including various student experiments such as the Night-Day Optical Sensor of
Lightening, the Monodisperse Latex Reactor, and Continuous Flow Electrophoresis
System. Generally, Mid-deck experiments are somewhat automated, but may require
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astronaut assistance. All Mid-deck experiments must conform to the safety
requirements (NASA/Hq, 1980b).

Get Away Specials (GAS). On any given STS flight, the primary payloads
generally will not occupy the total space available in the Orbiter's cargo bay or
fully utilize the maximum weight available. Such a situation is the basis for a
program to fly small experiments into space that will exploit extra space/weight
opportunities. The effort is organized as the Small Self-Contained Payload or Get
Away Special (GAS) Program (NASA/JSC, 1980b; NASA/GSFC, 1979; Lee, 1979).

GAS offers low-cost opportunity for individuals, commercial organizations,
and educational institutions to conduct research and development experiments
in space environment enountered by remaining on-board the Orbiter's open cargo
bay. Structurally, the container is a pressure vessel constructed from aluminum
and fiberglass and fitted with an outer layer of thermal insulation. As a housing
for GAS experiments, it is ordinarily mounted on a sidewall of the Orbiter's cargo
bay. It can, however, be used as a general purpose carrier, as for example during
the OSTA-2 mission (STS-7) where three containers contained MAUS (MAUS is
a German acronmy for Autonomous Materials Science Experiments in Weightlessness)
materials processing experiments and be attached to the Mission Peculiar Equipment
Support Structure (MPESS) platform. The experiment envelopes involve a diameter
of 50.2 cm and a height of 35.9 to 71.8 cm. The mass capacity ranges from 27
to 91 kg (NASA/GSFC, 1979).

Spacelab. Spacelab, the European-developed and built contribution to the
STS Program, is a versatile, general purpose orbiting laboratory for manned and
automated activities in near-Earth orbit. The Spacelab is carried to and from orbit
in the cargo bay of the Space Shuttle Orbiter. It remains in the open cargo bay
during the mission. Orientation requirements are established by the Orbiter. Through
the use of two launch sites (KSC and VAFB), complete world coverage is obtained
and orbits of 20-104 degrees are possible. Multidisciplinary or single-purpose
missions, which can involve on-orbit activities up to a week, span numerous scientific
fields: materials processing, environmental observations, life sciences, astrophysics
and solar astronomy, plasma physics, and technology testing and verification. NASA
is currently considering extending the Shuttle orbital stay time to 30 days.

Spacelab consists of module and pallet sections used in various configurations
to fulfill mission requirements: module only, pallet only, and module plus pallet.
The pressurized module, accessible from the Orbiter cabin through a transfer tunnel,
provides a shirt-sleeve working environment and supplies basic services such as
power, thermal control and data management, together with basic support equipment.
The module consists of one or two cylindrical segments, each 4.06 m in diameter
and 2.69 m long, and two end cones. Subsystem equipment is located in the core
segment, leaving about 60 percent of the volume available for experiments. The
approximate mass available to a payload and mission dependent equipment (e.g.,
consumables, EVA equipment), ranges from 5790 kg for a short module and
three-pallet system to 950 kg for a five-pallet system. When added to the mission
independent mass (e.g., Spacelab subsystem and Orbiter support equipment), the
total landing mass is about 13,000 to 13,500 kg (NASA/MSFC/ESA, 1976).
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Other Science, Technology, and Application Missions. There is a variety
of integrated Shuttle payloads which are not included in the previously discussed
categories. They can be clustered in three distinct groups: (1) materials sciences
related experiments; (2) observations of on/near-Earth environment; and (3) telescope
facilities.

There are four integrated Shuttle payloads in the materials science group:
(1) the Evaluation of Oxygen Interaction with Materials (EOIM) experiments that
are to be mounted on the Development Flight Instruments (DFI) pallet; (2) the
Materials Science Laboratory (MSL), which consists of experiments housed in
containers that are mounted on a support structure and is scheduled for about 15
KSC launches during the 1982-1991 time frame; (3) a series of three KSC-launched
materials processing studies coordinated by the Office of Space Sciences and
Applications (OSTA); and (4) two KSC-launched flights of the Electrophoresis
Operations in Space (EOS) prototype production hardware.

Five payloads are intended to perform observations of the Earth's
on/near-space environment: (1) the Large Format Camera (LFC), which is mounted
on the MPESS for one KSC launch (once proven flight-worthy, it will be integrated
into OSTA-3, which is the Shuttle Radar Laboratory); (2) Earth Orbiting
Measurements (EOM), which also is MPESS-mounted for two KSC launches; (3)
the Tethered Satellite System (TSS), which will have its own unique support structure
as an integral part of its deployer module and which is expected to be used in four
KSC launches; (4) the Space Plasma Lab (SPL), which structurally consists of a
Spacelab-type module and pallets and which is programmed for a single KSC launch;
and (5) OSTA observation type missions, flown as the Shuttle Radar Laboratory
(OSTA-3), two of which are scheduled for VAFB launches.

There are four telescope facilities considered: (1) the Shuttle Infrared
Telescope Facility (SIRTF); (2) the Space Optical Telescope (SOT); (3) Starlab,
and (4) Lidar Measurement of Air Quality. The differences between the facilities
stem primarily from the spectral range covered by each telescope. For example,
SIRTF, because of its dedicated infrared coverage, requires cryogenic equipment
support. These facilities share many system features, such as the use of Spacelab
structural modules (i.e., igloos, pallets), the ESA Instrument Pointing System, and
the flexibility of various focal plane attachments (photographic and spectrometric).

3.1.2 Free-Flying Payloads

An overview of the potential missions of free-flying payloads detailed in
this subsection include the following spacecraft: communications; environmental;
navigation; space science and solar terrestrial; astronomy and astrophysics; planetary;
and other science, technology and applications.

Communications Satellites. There are over 130 communications satellites
projected to be launched from the Space Shuttle through 1991. These satellites
provide a number of communications services (including voice and high speed data
relay, as well as direct radio and television broadcasting) and operate in the C
and Ku bands of the radio frequency spectrum, (4-8 Ghz and 14-12 Ghz, respectively).
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The satellites receive (uplink) and retransmit (downlink) on different frequencies,
with the uplink normally being the higher of the two frequencies. From its
geostationary orbit position, 35,000 km directly above the Earth's equator, a
communications satellite is able to cover a large portion of the Earth's surface.
Because this is a single relay point, communications are improved due to reduced
interference and signsl distortion that can occur with Earth-bound relay systems.

Space Shuttle communications satellites consist of the communications
satellite, an upper stage rocket motor, an apogee kick propulsion system [usually
an apogee kick motor (AKM)], and an attitude control system (ACS). In most of
the satellite designs, both the ACS and the AKM are integral parts of the satellite
and, therefore, do not separate from the satellite. The upper stage motors, however,
separate and are left in the elliptical transfer orbit to become part of the space
debris population.

Although there are some differences based on satellite size or antenna shape,
most of the communications satellites are similar in their construction and operation.
The basic components of communications satellites are: (1) a power module; (2)
a transponder module; (3) an antenna array, and (4) a propulsion or ACS module.

A variety of upper stages are used to boost the communications satellites
into the elliptical transfer orbits (NASA/JSC, 1977). The upper stage used depends
on the mass of the satellite and the assigned orbit station. Typical upper stages
include the PAM-D, the IUS, the SSUS, and the Centaur. (See Appendix B for the
types and quantities of propellants used with thses stages). These stages transfer -
the satellite from the low-Earth orbit of the Space Shuttle into an elliptical orbit
with an apogee at geosynchronous orbit altitude where the upper stage is separated
from the spacecraft/satellite. The AKM then fires to circularize the orbit. The
ACS is then used for minor station-keeping and Earth-orientation maneuvering.

Ground transmitting and receiving stations are an integral part of
communications satellite systems. These facilities, which serve as the initial signal
processing sites for satellite communications, are located in or near all major cities
on the North American continent. Worldwide ground-stations for existing or planned
satellites are being built to accommodate the near-term demand for communication
services. Recent technology advances, which include the development of portable
two-way ground units and small satellite reception units for remote sites and general
public use, are expected to expand the geographical range of communication services.

Environmental Satellites. Environmental satellite missions encompass
numerous objectives, including global and regional monitoring and forecasting of
weather and severe storms, assessment and prediction of climate and climate
changes, assessment and monitoring of resources and geodynamic hazards, and
monitoring and forecasting of ocean conditions and water quality. Among the types
of proposed missions, the following are categorized as environmental satellites:

Global Weather (e.g., NOAA/Tiros~-N and GOES, ERBS)
Ocean Observation (e.g., NOSS-Equiv, TOPEX)
Resource Observations (e.g., Landsat, Magsat, GRM)
Geodynamics/Earth Hazards (e.g., Lageos, GRM).
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Typically, the spacecraft have launch masses of approximately 700 to 2400
kg, operate at a variety of orbits, and use a wide variety of instruments. The
instruments include radiometers, cameras, multi-spectral scanners, microwave
sounders, and imaging radars. Power supplies are solar cells and batteries. On-board
solid and liquid propellants are used to transport the spacecraft to the desired final
orbits; stages include the PAM-A, PAM-D, and the MMS. Other than the propellants
and, to a lesser extent, batteries, there are no hazardous materials on board.
Anticipated technology developments in the next decade include new instruments,
multi-instrument measuring systems, and the use of large space platforms.

Navigation Satellites. The U.S. has one navigation satellite system and
is in the process of procuring the replacement, which is to be operational by 1987.
The current system provides worldwide, two-dimensional position location for the
U.S. Navy and civil and commercial users. The Transit system consists of at least
four active satellites in 1100 km polar orbits. The satellites broadcast information
on 150 and 400 Mhz. The user's receiver measures the doppler frequency shift
and determines the user's position. The Transit satellite mass is 265 kg and is
currently launched by Scout ELVs from WTR. Transit satellites are not recovered
when they fail, and become space debris with the Scout upper stage. Thirteen
Transit satellites are in storage for launch before 1992 when the Transit system
will be allowed to decay in favor of the follow-on NAVSTAR/GPS system.

The NAVSTAR/GPS (Global Positioning System) is a space-based radio
navigation system, which will provide very highly accurate, three-dimensional
position, velocity, and time information for DOD users. It also will provide the
same navigational information to commercial users, but with intentionally degraded
accuracy. The satellites will transmit navigation and time signals on 1575.4 and
1227.6 Mhz. In the model, the NAVSTAR/GPS is called the DOD-PAM.

Space Science and Solar Terrestrial Satellites. Space science and solar
terrestrial missions have diverse scientific goals and concentrate on measuring
the environment in the Earth's neighborhood, the Sun, and solar phenomena occurring
in the space between the Earth and Sun. For organizational purposes, astronomical
and astrophysical satellites are considered in a later subsection. The missions
considered here concentrate on examining the Sun and its immediate neighborhood
while astronomical/astrophysical satellites concentrate on other stars.

These missions use satellites launched into a broad variety of orbits, ranging
from low Earth orbits (e.g., 400 km) to near-Earth heliocentric orbits. Initial launch
inclinations range from 28.5 to 90 degrees and require launches from both ETR
and WTR. Satellite masses typically range from 1000 to 4000 kg. Instrumentation
on these satellites is usually passive and includes spectrometers covering the
electromagnetic and particle energy spectra, telescopes, and other imaging devices.
Power is supplied by solar cells and stored in nickel-cadmium batteries.
Cooling/refrigeration required for some of the sensors is usually provided by liquified
inert gases such as nitrogen and helium. Liquid and solid propellants are frequently
used to place the spacecraft in the desired orbit and to provide attitude control
and station-keeping. Currently planned spacecraft usually require a solid rocket
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motor, such as a PAM-D, for initial orbit insertion, but hydrazine-fueled carriers
or internally carried hydrazine propellants also are used for primary propulsion.
Attitude control and station-keeping functions typically use hydrazine. Other than
the limited propellants and possibly the batteries, no large quantities of hazardous
materials are carried by the spacecraft. Some of the spacecraft, e.g. Solar Maximum
Mission (SMM), will be serviced or retrieved for refurbishment by the Shuttle, but
most will be abandoned at completion of the mission or when they fail. Most of
these missions will use single satellites; they typically last long enough that new
or modified instrumentation would be desired for a follow-on spacecraft. The major
difference between these spacecraft and most others is that they usually require
highly eccentric final orbits, highly inclined orbits, or near-Earth heliocentric orbits.

Astronomy and Astrophysics Satellites. With the availability of the Space
Shuttle, space astronomy and astrophysics missions are able to exploit the
environment above the Earth's atmosphere on a routine basis with a broad range
of instrumentation. The freedom from atmospheric extinction, emission, and
scintillation and from variable seeing allows not only sampling cf nearly the entire
wavelength range of electromagnetic radiation emitted by astronomical sources,
but also imaging of sources to limiting magnitudes and with angular resolution
unparalleled in ground-based astronomy. Research in high-energy astrophysics
is expected to expand knowledge of energetic processes within or near compact
objects (galaxies, quasars, pulsars, binary stellar systems) and in diffuse matter
between objects.

The Space Shuttle is anticipated to be used for related missions in a variety
of ways: (1) to carry automated satellites to near-Earth orbit, from which they
will be launched to higher altitudes, (2) to launch major automated satellites into
a near-Earth orbit and to provide revisit and maintenance opportunities, and (3)
to carry observatory instruments into orbit, to provide basic facilities for use in
orbit, and to return them to Earth after periods of one week. This last category
of missions was addressed in Section 3.1.1.

These missions require a wide diversity of instrumentation ranging from
the Space Telescope to small, rocket-class instruments. Astronomy and astrophysics
research requires stabilization of the Shuttle to near one-arc-minute (by means
of control moment gyros), control of pallet pointing direction throughout operation,
and a contamination-free environment. Guidance and attitude control can be
provided by sensors, gyros, star tracker, and hydrazine RCS. Average power
requirements range from 700-2100 watts and are provided by solar arrays. NiCd
batteries are commonly used for energy storage. Cryogens (e.g., liquid helium)
are used for thermal control. Propulsion systems for these missions include reaction
control system (for attitude control) and the Multimission Spacecraft (MMS) (for
insertion of the payload into a higher orbit). The MMS uses hydrazine for propulsion.

Astronomy and astrophysics free-flying payloads scheduled over the next
decade involve such missions as the Space Telescope, Cosmic Background Experiment,
Gamma Ray Observatory, X-Ray Observatory, Advanced X-Ray Astrophysical
Facility, and Cosmic Ray Observatory.
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Planetary Spacecraft. Potential planetary missions involve exploration
and intensive study missions to various solar system bodies. Exploration missions
are directed at the discovery and understanding of processes, history, and evolution
on a global scale and are best accomplished by using orbiting spacecraft in
combination with entry bodies and landers. Intensive study missions focus on specific
science issues and are typically accomplished using mobile vehicles, sample return
or on-location analysis laboratories, and low-altitude polar orbiters.

Investigation of solar system bodies follows an evolution from initial
exploration through intensive study missions. For Mars and the Mocn, the exploration
phase has been completed and the intensive study realm of investigation is being
entered. The early investigation phase is nearly completed for Venus and Mercury,
and has begun for Jupiter, Saturn, and their moons. Missions to primitive bodies
(comets and asteriods), the outer planets, and more satellites of the giant planets
are in the planning stages.

The ad hoc Solar System Exploration Committee (SSEC) of the NASA Advisory
Council recommended recently (NASA/Hqg, 1983f) a set of core missions for planetary
exploration through the year 2000. These are:

(1) Venus Radar Mapper (VRM)

(2) Mars Geoscience/Climatology Orblter -
(3) Comet Rendezvous/Asteroid Flyby

(4) Titan Probe/Radar Mapper

These missions are in addition to the Galileo mission to Jupiter.

The primary goal of this Core Program is the scientific exploration of the
solar system. The launch requirements of this program are expected to be satisfied
by the ongoing joint NASA/USAF modification of the Centaur stage for use on
the Shuttle. The SSEC also recommended a schedule for launching these missions
in the period 1988-92.

The Galileo project* (NASA/JPL, 1981) will perform the first analysis of
the atmosphere of an outer planet in 1988. The first mission in the Core Program,
VRM, will complete the global characterization of the surfaces of the two most
Earth-like planets: Venus and Mars. The Mars Geoscience/Climatology Orbiter
is to be a program of low-cost, modestly scaled, inner solar system missions, using
previously developed spacecraft and components. The third mission, Comet
Rendezvous and Asteriod Flyby, requires the development of the Mariner Mark
Il spacecraft. This will be a modular spacecraft with multiple missions and
applications. The Titan Probe/Radar Mapper mission uses a modified Galileo probe
together with a fly-by or orbiter spacecraft equippped with a simple radar.

Other Free-Flying Science, Technology, and Application Missions.

There are five STS payloads included in this miscellaneous category of
free-flyers:

*NOTE: The Galileo project is not covered by this environmental assessment because
it uses a nuclear power source. A separate environmental impact statement
has been prepared for this project.
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Shuttle Pallet Satellite (SPAS)

European Retrievable Carrier (EURECA)

Shuttle Pointed Autonomous Research Tool for Astronomy (SPARTAN)
Long Duration Exposure Facility (LDEF)

Electrophoresis Operations in Space (EOS).

The five payloads can be grouped into two categories to highlight either
mission function or mission duration. From a functional viewpoint, SPAS, EURECA,
and LDEF are generalized carriers or platforms on which mission-specific equipment
or experiment modules can be mounted, whereas SPARTAN and EOS designate
equipment modules that are designed to perform specific operations.

SPAS and EURECA are related to the extent that they share the same basic
support structural design, which is modular in concept. SPAS is scheduled for five
flights, the first of which already has flown aboard STS-7 and has undergone
successful deployment as a free-flyer. EURECA is nominally planned for three
STS flights.

Eureca, which has a total mas of 3500 kg, would be deployed and retrieved
(after a 6-9 month period in space) from an altitude of 300 km and would be placed
in an operational circular orbit of 500 km. The addition of four propellant tanks
_ and an associated monopropellant maneuvering system will enable Eureca to move -
to altitudes up to 800 km. The power sources include on-board batteries and solar
array (which are retracted during launch and recovery operations).

- LDEF can be viewed as a low-cost carrier offered to users for conducting
relatively simple science and applications experiments in a free-flight space
environment that is removed from the influence of the Orbiter. This carrier,
which—in many respects—is a free-flying counterpart of the Get-Away Special
(GAS), is scheduled for at least three flights.

SPARTAN, which is a science payload mounted on an MPESS carrier to obtain
aeronomic data related to the upper atmosphere, is scheduled for three flights.

EOS, in its free-flying configuration, represents a continuation of an evolving
effort leading to the use of electrophoretic processes in a space environment for
the commercial production of biological materials. This development has already
begun with the Mid-deck experiments flown aboard STS-7 and is expected to progress
through two flights with cargo bay-mounted equipment before reaching the unmanned
free-flying stage projected for six flights.

3.2 Proposed Action: Shuttle Launch of STS Payloads

The Proposed Action is the utilization of the Space Transportation System
(STS) for the performance of missions in space. Potential missions span a number
of areas, including science and applications, technology development, commercial
applications and National Security applications, and involve varying degrees of
services and associated support systems. Section 3.1 provided brief synopses on
these potential missions. The STS Traffic Model (Appendix B) was based on the
following guidelines:
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e Payloads
- Payloads and flight assignments from 1982-1988 are equivalent to
those identified in NASA's payload flight assignments (May 1983)
- Various data sources were to be used for projection of future payloads
(i.e., Battelle-Columbus Laboratories (BCL) models, U.S. and foreign
space agency documents, and periodicals) to span the range of
potential Space Shuttle missions through 1991

e Time Frame
- November 1982 (first operational flight) - December 1991

e Launch Sites
- ETR, maximum launch rate 18 flights/year
- WTR, maximum launch rate 6 flights/year

] Space Shuttle
Configuration and capability undergoes no major deSIgn changes
(e.g. Extended Stay Orbiter in the fleet)
- Launch build-up rate as indicated in May 1982 NASA (flight
assignments
- Maximum launch rate begins in 1988 with 24 flights/year

° Payload Mix (1988-1991)

4-7 dedicated DOD missions per year (a minimum of 2 ETR, 2 WTR
launches per year)

- 1 reflight opportunity per year

- Get Away Specials and Mid-Deck experiments are assigned, but
not detailed on each mission ;

- Availability of payload by user (no-delays)

- Requirements for replacement spacecraft based on available
information

- Missions requiring more than one are flight scheduled as appropriate

- Flight assignments not necessarily cost-optimized

The responsibility for the National Space Transportation System Program,
which includes the Space Shuttle vehicle, any flight support hardware and software
(e.g., upper stages, Spacelab, etc), and ground support systems, is shared jointly
by NASA and the United States Air Force (USAF). Both programmatic and
operational functions are shared. NASA is the launch agent responsible for operations
at Kennedy Space Center (KSC), Florida, while the USAF is the counterpart at
Vandenberg Air Force Base (VAFB), California. Operations at VAFB will commence
in 1985.

3.2.1 Space Shuttle Characteristics

A complete Space Shuttle flight system consists of a piloted Orbiter vehicle,
an External Tank (ET) for propellants, and two Solid Rocket Boosters (SRBs) (See
Figure 2). Although the launch and landing mass of the Shuttle Orbiter will vary
with the individual mission being flown, the gross empty mass of the Orbiter is
about 68,000 kg. The 5 m diameter by 18 m long cargo bay is capable of carrying
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up to 29,500 kg to easterly orbits from the ETR and up to 18,000 kg to polar orbits
from the WTR. More detailed discussions of the Space Shuttle characteristics
are found in the environmental impact statement for the Space Shuttle program
(NASA/Hg, 1982) and other Shuttle documents (NASA/Hg, 1977; NASA/Hq, 1981b).

3.2.2 Payload Requirements and Operations

Use of the Space Shuttle for operating payloads, conducting experiments,
and launching satellites requires prelaunch, flight, and post-flight activities of
the STS customer, NASA, and Air Force personnel at the two launch sites (KSC,
Florida, and VAFB, California). The generic activities are discussed in the following
paragraphs.

During the early payload design phases, the capabilities and requirements
of the Orbiter are factored into the configuration and operational planning of a
payload structure. Safety analyses are conducted throughout the design and building
of the payloads (NASA/Hq, 1980b) to ensure their safe assembly and operation.
The final design and selection of appropriate ground support equipment available
at the launch site is coordinated with a NASA Launch Site Support Manager (LSSM).

All STS payloads and ground support equipment must comply with NASA
Safety Policy and Requirements (NASA/Hq, 1980b) during both ground and flight
operations. This policy requires that the basic design of the payload eliminate
or control any hazard to the Orbiter, crew, and other payloads as well as the launch
site environment. The payload owner/operator is responsible for assuring the safety
of any hardware proposed for use in the STS while the STS Operator plans cargoes
to minimize hazards created by interaction among payloads and between payloads
and the Shuttle. In addition to flight requirements for payloads, the safety of ground
operations during payload fabrication and integration into the Space Shuttle is
monitored by the LSSM in accordance with standard operational guidelines
(NASA/KSC, 1978; NASA/KSC, 1983b; NASA/JSC, 1983a).

STS user operations involve payload design, fabrication, and transportation
to and from the launch/landing sites. Special shipping containers with shock and
environmental controls are required for shipping payloads to the launch sites because
of their delicate structural nature when on Earth. Payloads are processed by
NASA/USAF personnel at the launch sites are shown in Figure 3. Although facilities
are different at the two sites, the process flows are identical.

STS/Orbiter flight activities center on both the Orbiter and payload
operations. Payload-related actions include: preparation and deployment of orbital
payloads; activation of automatic payloads from the cargo bay control console;
conduct of mid-deck experiments; Extra-Vehicular Activities (EVA) for experiments,
payload operations, and satellite deployment and retrieval; and Spacelab operations.
Orbiter operations can accommodate individual mission requirements, e.g., on-orbit
pointing and stabilization.

The degree of satellite servicing operations depends largely on the type
of payload and its operational configuration. Payload operation configurations
include: (1) Shuttle-attached payloads, (2) short-duration exposure payloads, (3)
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long-duration exposure payloads, (4) Low Earth Orbit (LEO) satellites, (5)
Geostationary (GEO) satellites, and (6) planetary and other Earth-escape payloads.
Shuttle-attached missions are generally not deployed or retrieved, but are operated
on the Orbiter and Earth-returned. The short-duration exposure payloads are
deployed, orbited near the Orbiter, retrieved, and returned to Earth in one mission.
Because the entirety of payload operations is completed in one mission, both the
Shuttle-attached and the short-duration exposure payloads are considered sortie
missions. Long-duration exposure payloads are usually deployed during one flight,
operated for an extended period of time on-orbit, possibly serviced during the
operational period, and retrieved for Earth-return on a later flight. The LEO
satellites are deployed and possibly retrieved for service or Earth-return. The
GEO satellites are deployed and are not retrievable. (Development of an advanced
retrieval system will be necessary to accommodate the retrieval option.) The
planetary and other Earth-escape payloads are simply deployed and not retrieved
or serviced.

The satellite servicing capability of the STS includes mission independent
equipment and subsystems such as the Shuttle Orbiter, the Remote Manipulator
System (RMS), the Extravehicular Mobility Unit (EMU), the Manned Maneuvering
Unit (MMU), and support equipment (e.g., TV, lighting, and hand tool systems:
(NASA/JSC, 1983b; Griswold, 1980). The Orbiter provides the utility base while
the EMU and MMU provide environmental protection and life support and-
maneuvering capability during EVA.

Deployment operations are generally automated and can be achieved from
the Aft Flight Deck (AFD) of the Orbiter. EVA may be required for contingency
plans during failure of the auto-deployment. Both deployment and retrieval
operations can be performed by the RMS. This capability is limited because of
operational considerations: spinning or tumbling objects are not retrievable and
the RMS performance is constrained to 15 m extensions and 0.61 m/s tracking speed
and can be backdriven by forces exceeding 10.4 kg (Griswold, 1980 The SMM
mission, however, will provide an early demonstration of the Shuttle's capability
to rendezvous with and stabilize a spacecraft (via EVA) and capture it (via the
RMS) for repair operations in the cargo bay. Service operations are supported
primarily by the EMU and MMU for on-orbit inspection and checkout. Other service
operations such as maintenance, reconfiguration, and resupply require tooling,
refueling, and astronaut restraint systems.

The Orbiter has communications requirements with Earth stations while
it is in orbit because of the extensive data collection needs of the payloads and
the limited data processing capabilities of the Orbiter equipment and systems.
Payloads use the Orbiter communications equipment and the Tracking and Data
Relay Satellite System (TDRSS) to relay experimental results and other collected
data to Earth stations for further analysis and processing.

Ground-support equipment operated during the Orbiter's flight includes the
ground-tracking stations for both the Orbiter and payload operations, the Flight
Control Center, the Mission Control Center, ground-relay stations, and other
command and control facilities. Another aspect of ground control is the preparation
of the landing facilities for Orbiter landing. Both a primary and secondary landing
site are prepared for handling the Orbiter. Because STS customers are required
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to transport their own payloads from the landing facility, they must be notified
of the facility to be used so that adequate transportation equipment from the facility
to the payload post-flight processing facility can be arranged.

After the Orbiter has landed, the payloads are off-loaded from the Orbiter's
cargo bay and returned to the STS customer. Related activities include the
operations of the ground-support teams as well as the payload-support teams at
the launch and landing sites.

Except for small, time-critical equipment that can be hand-carried through
the Orbiter's cabin immediately after landing, payloads are off-loaded at the OPF
(KSC) or the OMCF (VAFB). At these facilities, fluid systems are drained and
vented and fuel systems are purged of fuel and fumes to ensure the safe transfer
of the payloads. Flight kits are removed and returned to the customer as are the
mid-deck experiment modules. Larger payloads are removed and transported to
post-flight processing facilities. Payloads are (1) moved off-site for experimental
analysis; (2) analyzed at the landing/launch site and reconfigured and reprocessed
for future flights; or (3) analyzed and processed for storage for future flights
(NASA/KSC, 1983a).

3.3 Alternative Action: Expendable Launch Vehicle/
Sounding Rocket Launch of Payloads

This section defines potential alternatives to the Proposed Action and provides
background information relevant to the environmental analyses. The alternative
to the Proposed Action is the use of expendable launch vehicles (ELVs) and sounding
rockets (SR) to achieve the payload mission objectives. The population of launch
vehicles encompasses both the U.S. and foreign countries; however, a subset of
this population was selected as a reasonable alternative. This screening process
was appropriate in view of the numerous launch vehicles and stages available or
planned. The launch vehicles considered representative of the technology available
to practically implement the mission objectives included the Atlas, Delta, Scout,
Titan, and Ariane as well as the currently available series of sounding rockets.
Upper stages utilized were PAM-A, PAM-D, PAM D-2, IUS, Centaur, MMS, and
TMV (currently referred to as OMV).

The two major criteria utilized in determining whether a reasonable
alternative to Shuttle utilization existed were that: (1) the mission objectives
would not be degraded; and (2) that any requirements to redesign the payload would
be within the technical and economic constraints of the customer. The assumptions
used included: (1) ELV/SR vehicles would be available as needed with no delays;
(2) one payload per vehicle launch; and (3) no major redesigns for adaptions to ELVs.
This revised mission model did not seek to optimize costs and only considered the
operational-mission accomplishment aspect of payload operations. In many instances,
the use of alternative launch capabilities was clearly precluded. Payloads falling
within this category included manned (non-automated) payloads, payloads exceeding
size and weight constraints of vehicles, and payloads necessitating long duration
exposure to space environment conditions.
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Based on these criteria, alternatives to the Proposed Action, i.e., the payload
mission model and the generic payloads (Section 3.1), were identified. For the generic
payloads, additional discussion on the basis for flight vehicle assignments is provided
where appropriate. Appendix B identifies the alternative to Space Shuttle launch
and operations for all missions scheduled in the STS mission model.

3.3.1 Vehicle Characteristics

As an alternative to the Space Transportation System, ELVs and sounding
rockets offer a wide, but limited, capability for orbital and suborbital missions.
All missions are automated and include scientific, commercial, and DOD applications.

Expendable Launch Vehicles. The ELVs provide orbital launch capability
and include a variety of solid and liquid-staged vehicles; Titan, Atlas Centaur,
Delta, Scout, and Ariane (NASA/Hq, 1981¢c; BCL, 1983b). The Titan, Atlas-Centaur,
Delta, and Scout are U.S. rockets primarily launched from ETR, Florida, and Western
Test Range (WTR), California (the Scout is launched from Wallops Flight Center
(WFC), Virginia, and San Marco, Africa). Ariane is a European vehicle launched
from the Centre Spatial Guyanais-Guiana Space Center (CSG) in French Guiana,
South America and is under the direction of the Centre National D'Etudes Spatiales
(CNES) and the European Space Agency (ESA). For high energy missions, upper
stages are coupled with the base vehicles. Typical upper stages include the Centaur,
the Payload Assist Module (PAM), and the Inertial Upper Stage (IUS), among others.
(AWST, 1983).

Sounding Rockets (SR). The SRs (e.g. Aries, Nike-Malemute, Castor I, and
Talos-Castor) provide a wide variety of suborbital and low-orbit mission capabilities
(AWST, 1983). Both solid and liquid propellants are used for propulsion. These
rockets are small and easily launched, but have a relatively small payload size
and provide only short-duration exposure (up to 10 minutes) to a low-gravity
environment.

Combining both the ELV and SR capabilities would provide a viable alternative
to the Space Transportation System. However, the capabilities of this alternative
are limited and could not accomplish 100 percent of the STS traffic model.
Generally, use of ELVs and SRs to complete (as best possible) the STS traffic model
would increase the number of vehicle flights and costs would be expected to be
much higher.

3.3.2 Payload Requirements and Operations

The use of expendable launch vehicles and sounding rockets for launching
satellites and conducting experiments involves prelaunch, launch, flight, and
post-flight activities. The following paragraphs generically describe the payload
requirements/operations throughout a mission including prelaunch, launch, flight,
and post-flight activities. Differences among these activities for the various launch
vehicles are cited in Table 1. Although the payload processing details of the Scout
and sounding rockets vary, the general process flows are similar and are presented
together.
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Prelaunch activities include payload design and construction, assembly and
testing, and finally, payload-vehicle mating. Potential hazardous operations also
are specified. Proper design and construction of the payload for a specific vehicle
is the responsibility of the customer. Once the spacecraft goals and experimental
concepts have been established by the customer, a proposal to NASA/USAF/ESA
must identify mission requirements, spacecraft characteristics, hazardous operations,
launch vehicle requirements, and ground support requirements. After approval
of the mission, budget and vehicle allocations are made. The mission planning
is provided through interactive participation of the customer, the sponsor
(NASA/USAF), and the vehicle contractor. This preparation includes extensive
interface and safety documentation. The required interface documentation, mission
data, and payload characteristic data for each vehicle are summarized in Table
1.

Assembly and testing activities include the final assembly of the payload
upon receipt at the launch processing facilities and preliminary testing of the payload
mechanical, electrical, power communication, and data subsystems. These tests
are generally defined by the user and performed by NASA and/or the USAF at the
ETR and WTR facilities or CNES at the CSG facilities. Potential hazardous
operations include propellant loading of satellite attitude control system (ACS),
installation of the separation bolts and ordnance attaching the payload to an upper
stage (if necessary), handling of radioactive and chemically hazardous products
and pressurizing fluids, and spin testing the payload and/or upper stage. Once a
payload is mated with an upper stage or other ordnance, the assembly is considered
hazardous material and is handled accordingly. Hazardous operations are limited
to explosive-safe areas (NASA/KSC, 1983a). Special training, equipment, and
handling procedures are guidelined in the KSC Safety Practices Handbook
(NASA/KSC, 1978) for ETR launches. Similar safety procedures are used for other
launch sites.

Payload vehicle mating of the ELVs and sounding rockets generally occurs
at the launch pad in a method similar to the vertically-integrated Shuttle payloads.
Once the mating is completed, interface verification tests and general electric
power systems tests are completed. Upon final testing and closeout of the payload,
fairings are attached and checked. The vehicle is then ready for launch.

Payload operations for unmanned flights are automated for the ELVs and
sounding rockets. For in-flight activities or orbital flights (Titan, Atlas-Centaur,
Delta, Scout, Ariane), the propellant stages burn, separate, and reenter the
atmosphere or stay in orbit and become debris. Payloads destined for LEO utilize
on-board propellants for final orbit insertion, deploy applicable systems (solar panels),
and begin pre-programmed functions. For higher orbit payloads, the attached upper
stage burns and separates. Final orbit insertion is achieved by on-board satellite
propulsion system (e.g., kick motors). Control systems provide proper attitude
and guidance of the spacecraft after system intitialization.

On-orbit servicing/retrieval, landing, and post-flight payload operations
are not generally applicable to ELVs. However, Ariane does propose retrieval of
the first stages of the vehicle. For suborbital flights (mostly sounding rockets),
the experiment or sensing device is activated, data collected, and payload returned
to Earth (usually by parachute). The payload can then be retrieved for later use
and/or research.
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3.4 No-Action Alternative: Terrestrial Equivalents

The No-Action Alternative is defined as the achievement of the payload
mission objectives through ground-based or terrestrial systems. Equivalency to
the Proposed Action in terms of mission objectives is required for a mission to
have a terrestrial equivalent. This requirement, therefore, precludes degradation
of any mission objectives or substantial revisions to the mission requirements unless
economic and technical factors enhance the attractiveness of a terrestrial equivalent.

The fulfillment of a mission objective by a terrestrial equivalent implies
that the system characteristics and operations be substantially similar to the system
that is being substituted. For many of the payloads, space applications represent
a substitute for, extension of, or advancement of terrestrial systems.
Communications and many environmental monitoring systems are examples of
systems that, in most cases, have terrestrial equivalents.

Research and science and application payloads represent unique cases where
terrestrial equivalents are virtually preempted. In these instances, the space
environment characteristics are utilized for research, experiments, and testing
and usually can not be duplicated on Earth. Examples of payloads in this class
are life science and physical science experiments requiring long duration exposure
to microgravity or Earth observational measurements requiring synoptic views.

Finally, there are payload-related activities that are, by definition, space
operations. Satellite servicing, maintenance and retrieval, and search and rescue
missions are exemplary of services that may be required for a payload.

Based on these considerations, the following payload activities and
characteristics precluded the feasibility and practicality of a terrestrial equivalent:

(1) Activities
- payload servicing and maintenance
- payload retrieval

(2) Characteristics/Requirements

- long duration exposure to microgravity environment or other unique
space environment parameters (e.g., ultra-high vacuum, high energy
radiation, large volume of ionized gases)

- viewing direction (e.g., synoptic views)

- other sampling and measurements and/or validation requirements
(physical, chemical, spectroscopic, etc.) beyond terrestrial capabilities
both technically and economically (e.g., highly accurate pointing and
stability).



4.0 ENVIRONMENTAL EFFECTS OF THE PROPOSED
AND IMPORTANT ALTERNATIVE ACTIONS

This environmental assessment addresses seven environmental categories
(socioeconomics; space quality; air, land and water quality; noise; biotic resources,
human health; and resource use) under a normal operation scenario. An eighth
category, accidents, has been distinguished to address the possible environmental
effects resulting from human error and/or mechanical/electrical failure(s) of
equipment/subsystems. The magnitude and type of impact, the duration, geographical
context, and the potential for interactive and cumulative effects are considered
for each of these aforementioned environmental categories.

The process for the analysis of the environmental effects from the launch
vehicle and payload operations is depicted in Figure 4. As the Figure indicates,
the Proposed/Alternative Action is subdivided into two subcategories, launch vehicle
(irrelevant for the No-Action Alternative) and payload. The characterization process
(Section 3.0) is a key input to the environmental analysis for each subcategory.
Because of the tiering approach to this analysis, the launch vehicle and payload
effects are evaluated on an independent basis initially, but then integrated to
establish total mission effects. Finally, the potential for cumulative effects is
addressed.

As Figure 4 illustrates, a normal and an accident scenario are considered.
The risk/accident scenario and associated impacts, as previously indicated, are
addressed as a separate environmental category. Figure 5 illustrates how hazards
and risks to the crew and launch vehicle are minimized to the maximum extent
feasible through an iterative design process. NASA's safety policy and the
requirements (NASA/Hq, 1980b) for payloads formalize this process to reduce
the probability and severity of potential accidents (see Section 3.2.2). From this
perspective, the generic environmental analysis presumes launch vehicle and payload
conformance to established design and operational guidelines.

Table 3 summarizes the environmental effects for all payloads under the
Proposed Action, and the Expendable Launch Vehicle/Sounding Rockets, and
No-Action Alternatives. These effects are described in the balance of the section.
In instances where payload environmental effects are similar, the results of previous
analyses are incorporated by reference. Differences in the impacts are noted where
appropriate. Cumulative effects, which center on (1) accrued socioeconomic benefits
and (2) changes in space quality from accumulated space debris, also are addressed.
The table briefly describes the nature of the vehicle and payload impacts and also
indicates the magnitude of the impacts for both the launch vehicles and the payloads.

Based on the payload analyses, long-term, regional, socioeconomic benefits
are anticipated under the Proposed Action. With the Expendable Launch
Vehicle/Sounding Rocket Alternatives, the magnitude of these benefits would be
less, and in the case of the No-Action Alternative, the socioeconomic impact from
foregone opportunities would be negative. The second area where payload
environmental effects are potentially large involves the ‘changes to the space
environment due to the contribution of abandoned spacecraft and spent upper stages
to the space debris population. Interaction of payloads during launch and orbital
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IMPLEMENTATION OF HAZARD CONTROLS

(ELIMINATION AND CONTROL

CRITICAL AND CATASTROPHIC
HAZARDS BASED ON NASA SAFETY

REQUIREMENTS)

oF

ACCIDENT PROBABILITIES
o CRITICAL HAZARDS: SINGLE FAILURE
ERATOR ERROR RESULTS IN
DAMAGE TO STS EQUIPMENT OR IN USE
OF CONTINGENCY OR EMERGENCY
PROCEDURES
o CATASTROPHIC HAZARDS: COMBINATION OF
WO FAILURES, OPERATOR ERRORS, OR
RADIO FREQUENCY SIGNALS RESULTING IN
LOSS OF ORBITER, GROUWD FACILITIES,
STS EQUIPMENT, PERSONNEL INJURY

e

ACCIDENT CONSEQUENCES

HAZARDOUS MATERIAL RELEASE
ENVIRONMENTAL DISPERSION

ECOSYSTEM EFFECTS

HEALTH EFFECTS

PERSONNEL INJURY/LIFE LOSS

LOSS OF ORBITERS, GROUND FACILITY,
STS EQUIPMENT

EMERGENCY ORBITER LANDING/STS ABORT
PAYLOAD LOSS/DAMAGE

|

RISK DETERMINATION/ACCEPTANCE IMPACT
o LOW RISK: LOW PROBABILITY, NONSIGNIFICANT
CONSEQUENCES

o MODERATE RISK: LOW PROBABILITY, MODERATELY
SIGNIFICANT CONSEQUENCES

® HIGH RISK: NONE IF DESIGNED HAZARD CONTROLS
APPLIED

FIGURE 5.

RISK/ACCIDENT ANALYSIS PROCEDURE




TABLE 3. SUMMARY OF SHUTTLE AND PAYLOAD ENVIRONMENTAL IMPACTS FOR THE PROPOSED AND ALTERNATIVE ACTIONS

Environmental Category

Nature of Payload Impacts/Magnitude (for Launch Vehicle/Payload)®*

Proposed Action

Expendable Launch Vehicle Alternative

No-Action Alternative

Socioeconomics

Space Quality

Air, Land, and Water Quality

Infrastructure and publie services in KSC
vicinity capable of supporting Shuttle
related needs.

Labor shifts are expected; however,
employment impacts would be insigni-
ficant on a national scale.

Mildly stimulating affect on local econom- Impacts are similar, but less significant

ics from launch vehicle production and

than the Proposed Action because of

payload development activities. Technical,launch vehicle constraints and payload

commercial, and scientific advances in
space research and applications.

(2)/(3)

Space debris generated includes spent
upper stages, abandoned spacecraft,

and miscellaneous hardware. Debris con-
tributions will not significantly increase
collision hazards to operational spacecraft
in LEO and GEO through 1992.

2/2

Emissions from the Shuttle ground and
flight operations will be within regula-
tory limits. HCI will cause temporary,
localized effects due to acidic rain or
ground cloud fall out. Shuttle activities

requirements.

(2)/(2)

Payload debris contributions would be
similar to those anticipated under

the Proposed Action. Relative to the
Shuttle, ELVs would contribute addi-
tional debris over that anticipated with
a Shuttle/PAM. The additional debris
depends on the ELV used and the payload
mission.

2/2
Ground and launch air, land, and water

quality effects are similar to, but less
than, the Shuttle'on a per launch basis.

occur on government land dedicated to simi-
lar uses. Water quality impacts due to con-

trolled reentry of hardware, residual pro-
pellant, and cooling and acoustic damping

water are temporary and localized. (Cont.)

Small employment reductions anticipated if
research opportunities forgone and Shuttle
activities were not undertaken.

Benefits of research in space would be

forgone. Terrestrial communication ser-
vice costs may rise.

2

There would be no space debris generated
with equivalent ground-based systems.

0

Launch related effects would be eliminated
under the No-Action Alternative. (Cont.)

*The rating scale relates the magnitude (i.e., degree, extensiveness, scale, probability of occurrence) of the impact to its significance. The assessment of an impact is
with respect to the existing environment and presumes the implementation of eppropriate mitigative controls. Parenthetical ratings refer to positive (beneficial)

impacts.

Rating

[SLNN Ul —]

No or minimal impact

Small (measurable), temporary, localized iinpact

Large, short/long-term, local/regional/global scale impact
Significant (includes, but not necessarily limited to, impacts associated with irreversible/irretrievable commitments of resources; adverse

effects which can't be avoided; and benefits which may be of national/international scale), short/long-term, regional/global scale impact.
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TABLE 3. (Continued)

Environmental Category

Nature of Payload Impacts/Magnitude (for Launch Vehicle/Payload)®

Proposed Action

Expendable Launch Vehicle Alternative

No-Action Alternative

Air, Land, and Water Quality
(Continued)

Noise

Biotic Resources

Air, land, and water quality impacts
throughout the payload operational
cycle would be negligible and tempor-
ary in nature. The payload manufac-
turing phase will release small quan-
tities of pollutants.

2/0

Major noise sources include Shuttle launch
and reentry of the SRB, ET, and Orbiter.
Ascent and descent sonic booms are tem-
porary and infrequent.

Noise generation by virtually all payload
missions would be insignificant. Noise
generated during verification testing
(during the prelaunch phase) and experi-
ment activation (during on-orbit opera-
tions) would be within existing guidelines
and standards.

1.5

Noise, acidic rain events, and aluminum
oxide dust from Shuttle launches will
result in local damage to flora and fauna.
These effects will, in most cases, be
temporary.

2/0

Payload related impacts would be equiva-
lent to those anticipated under the
Proposed Action.

2/0

ELV launch noise is less than that for a
Shuttle launch. ELVs create no landing
noise, since expended stages fall into
remote ocean areas.

With launched payloads, noise generation
would be insignificant.

1/0

Combustion products and propellant
releases will not produce significant
toxic effects on plant or animal com-
munities. Effects will be less than
those aenticipated under the Proposed
Action.

1/0

Relative to the Proposed Action, impacts
would be slightly less due to the abandon-
ment of many missions. With the rise in
ground-based communications systems,
associated impacts would tend to be
localized and nonsignificant.

1.5

Launch related effects would be eliminated
under the No-Action Alternative.

Noise generated in research laboratories
or by facility operations (e.g., receiving
station of a communications system) would
be with regulatory limits and would not
affect worker safety or health.

0

Launch related effects would be eliminated
under the No-Action Alternative.

0-1

*The rating scale relates the magnitude (i.e., degree, extensiveness, scale, probability of occurrence) of the impact to its significance. The assessment of an impact is

with respect to the existing environment and

impacts.

Rating

LN —O

No or minimal impact

Small (measurable), temporary, localized impact
Large, short/long-term, local/regional/global scale impact

Significant (includes, but not necessarily limited to, impacts associated with irreversible/irretrievable commitments of resources; adverse

presumes the implementation of appropriate mitigative controls. Parenthetical ratings refer to positive (beneficial)

effects which can't be avoided; and benefits which may be of national/international scale), short/long-term, regional/global scale impact.

ve



TABLE 3. (Continued)

Environmental Category

Nature of Payload Impacts/Magnitude (for Launch Vehicle/Payload)*

Proposed Action

Expendable Launch Vehicle Alternative

No-Action Alternative

Biotic Resources
(Continued)

Health

Biotic impacts are localized and tempor- Impacts are essentially equivalent to
ary and attributable to payload manufac- those anticipated under the Proposed
turing processes. Action.

Surface concentrations of exhaust products Effects are similar to but less than
are less than recommended human expo-  Shuttle.

sure limits. No physiological damage

expected due to use of exclusion zone.

Public and occupational health effects are Impacts are similar to those anticipated

insignificant. Payload ground and
on-orbit operations will not involve
hazardous emissions or operations that
would threaten crew or worker health and be automated.
safety.

under the Proposed Action. Risks to

0/0 0/0

crew during on-orbit operations would be
eliminated since all ELV payloads would

Terrestrial equivalent systems will have
an insignificant impact on plants, fish, or
wildlife. Research activities, navigation,
and communication systems would not
generate large quantities of waste or
disturb/destroy large land areas.

Launch related effects would be eliminated
under the No-Action Alternative.

Terrestrial equivalent systems would not
significantly affect occupational or public
health.

*The rating scale relates the magnitude (i.e., degree, extensiveness, scale, probability of cccurrence) of the impact to its significance. The assessment of an impact is
with respect to the existing environment and presumes the implementation of appropriate mitigative controls. Parenthetical ratings refer to positive (beneficial)

impacts.

Rating Definition

0 No or minimal impact

1 Small (measurable), temporary, localized impact

2 Large, short/long-term, local/regional/global scale impact

3 Significant (includes, but not necessarily limited to, impacts associated with irreversible/irretrievable commitments of resources; adverse
effects which can't be avoided; and benefits which may be of national/international scale), short/long-term, regional/global scale impact.
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TABLE 3.

(Continued)

Environmental Category

Nature of Payload Impacts/Magnitude (for Launch Vehicle/Payload)*

Proposed Action

Expendable Launch Vehicle Alternative

No-Action Alternative

Resource Use

Accidents

Natural and cultural resource commit-
ments do not involve significant quantites
of scarce resources. Total energy
requirements per Shuttle launch are esti-
mated at 750 x 109 kJ assuming 24
launches per year.

Relative to the Shuttle energy and mate-
rial use, payloads will not require or
deplete significant quantities of natural
or cultural resources.

1/0

Potential accidents during Shuttle launch
include explosions, fire, release of toxic
gases, crash or mission aborts. These
events could be catastrophic; but are of
extremely low probability.

Under worst-case scenarios, some payloads
and payload operations could result in
damage to the STS equipment or person-
nel injury. The probability and severity

of these events are reduced or eliminated
with appropriate hazard controls.

2/1

Resource requirements are similar to but
less than those for a Shuttle launch.
About 180 x 109 kJ of energy per ELV
launch is required (Delta launch rate of
5 per year),

Payload resource commitments are simi-
lar to those anticipated under the
Proposed Action.

1/0

Accident related events with ELVs are
similar but less severe than those
anticipated for the Shuttle. No loss
of flight crew would be possible.

The probability and severity of accident
events is lower because of the automated
nature of payloads.

2/0

Launch vehicle resource commitments would
be eliminated under the No-Action
Alternative.

Resource requirements for Earth-based
systems, such as research laboratories or
receiving/transmitting stations, would be
moderate.

2

Launch vehicle related effects from acci-
dents would be eliminated under the
No-Action Alternative.

Accident probabilities and consequences
for Earth-based systems are low. A worst-
case scenario for communications systems,
for example, would involve an aircraft col-
lision with an electronics tower. The pro-
bability of this event is extremely low.

1

*The rating scale relates the magnitude (i.e., degree, extensiveness, scale, probability of occurrence) of the impact to its significance. The assessment of an impact is
with respect to the existing environment and presumes the implementation of appropriate mitigative controls. Parenthetical ratings refer to positive (beneficial)

impacts.

Rating

W= O

Definition

No or minimal impact

Small (measurable), temporary, localized impact

Large, short/long-term, local/regional/global scale impact
Significant (includes, but not necessarily limited to, impacts associated with irreversible/irretrievable commitments of resources; adverse

effects which can't be avoided; and benefits which may be of national/international scale), short/long-term, regional/global scale impact.
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orbital operations from the standpoint of potential accidents is not an issue of
concern. Extensive safety and design requirements (Figure 5) minimize these risks.
The payload impacts on air, land, and water quality; noise, biotic resources; human
health; and resource use are small and localized. Potential accident effects, when
compared to those occurring from a Shuttle-related malfunction also are negligible.

4.1 Space Quality and Projected Hazard Levels

The greatest impact from either the Proposed Action or the ELV/SR
Alternative Action will be growth in the space debris population. The primary
concern is the growth in the number of uncontrollable-debris (non-maneuverable)
objects. The reason for this concern is that large, uncontrollable-debris growth
will be introduced with the onset of collisions. Evolutionary calculations generally
show that a catastrophic collision should be expected to occur in LEO by 1995
(Reynolds and Fischer, 1980 and 1983).

Table 4 summarizes the upper stage use projected by the Traffic Model.
Between 1982 and 1991, 175 upper stages are anticipated to be used for space
missions. The macroparticle debris -generated in various orbits as a result of space
missions under the Proposed and Expendable Launch Vehicle Alternative are
identified in Table 5. In the aggregate, ELVs involve over 50 percent more debris
deposition. When compared by orbit location, the most striking difference appears
in LEO—about 172 objects are projected to be deposited by ELVs. Most of these
objects, however, are expected to reenter the atmosphere and burn-up in a relatively
short time.

TABLE 5. MACROPARTICLE DEBRIS GENERATED BY LAUNCH
" VEHICLES AND UPPER STAGES UNDER THE PROPOSED
ACTION AND EXPENDABLE LAUNCH VEHICLE
ALTERNATIVE

Deposition Orbit

Action Launch Vehicle LEO GTO GEO Planeiary Other  Total

Proposed

Action STS 8 136 3 2 35 184
Alternative

Action ELV 172 135 1 4 29 341

The following discussion centers on the impact nominal STS operations might
make to the population densities in the 1984-1991 time frame. The contribution
of these objects to a large, non-linear growth (collisions) is not addressed.



TABLE 4. UPPER STAGE USE PROJECTED BY STS TRAFFIC MODEL

Upper Stage Type 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Total

PAM-A
PAM-D
PAM-DII
IUS/SRM1
IUS/SRM2
IUS Twin

Centaur

28
66
54
1
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Microparticle Objects in LEO. The contributors to microparticle debris
in LEO will be collisions and SRM exhaust particulates. In the time frame to 1991,
the dominant source will be SRMs. Table 7 shows the projections for SRM particulate
fluxes. These fluxes (impacts/mZ/year) represent an upper limit, since some
percentage of the SRM particulates will be injected into low-perigee rapid decay
orbits.

The threat which these exhaust particulates present to functioning spacecraft
depends on the vulnerability of spacecraft components, primarily the solar panels.
Although the characteristic size for the particulates will be in the 1-10 microgram
mass regime, they carry enough kinetic energy on collision to produce cratering
and small fractures. The effect on solar panels most likely will be a slow degradation
of performance as surface cratering builds up, but no experimental evidence is
available as to how rapidly this will occur.

Macroparticles in LEO. The marginal threat from large objects introduced
into LEO by Shuttle-initiated activity is complicated by the difficulty in properly
accounting for the anticipated source terms. Besides functioning spacecraft and
spent stages, other objects (more numerous and, therefore, more threatening) may
be released during staging, deployment, or at the start-up of operational activity.
The largest source of tracked debris to date has been accidental explosions occurring
in LEO. Testing of schrapnel-producing antisatellite weapons such as the Soviets
use promises to be a major non-NASA source in the future (Kessler, 1981; Chobotov,
1982).

Another issue to address in discussing large LEO debris is the preferential
buildup of objects released at Shuttle operating altitude as a result of the relatively
high level of activity. These objects will include fragments left unattached in
the bay before ascent or shaken loose in the bay during ascent, objects released
during payload deployment or experiment activation, and objects accidentally
released. Retrieval operations will pose a special problem since the Shuttle will
not be able to accommodate such objects as deployed antennae and solar panels;
if these objects are left in orbit, they will become large, long-lived debris. The
objects being threatened by this debris will, of course, be the Orbiter and any of
a number of deployed free flyers such as LDEF which remain at Shuttle operating
altitude. The Shuttle operating altitude is about 290-320 km.

The Traffic Model for Shuttle-initiated activity in LEO will involve over
70 payloads with minimal propulsive capability. A significant percentage of the
deployments in LEO (38 percent) are into high-inclination, highly-eccentric "Molniya"
orbits. Table 7 shows the average number of objects which must be released per
mission to present collision probabilities of 104 and 1075,

Macroparticles in GEO. The mission model calls for 134 Shuttle payloads
destined for GEO; this will be the total NASA user traffic to GEO during this period.
A variety of carriers will be used to perform the transfer. The IUS will leave a
stage in GEO separate from the delivered satellite; special carriers are called for
in some cases and represent an unknown contribution. The PAM-D and PAM-D2
carriers will have a self-contained AKM and leave no extra vehicles in GEO. The
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TABLE 6. TRAFFIC MODEL PROJECTIONS FOR SRM PARTICULATE FLUXES

Number of
Mean Time Firings

Number of Between Contributing Expected

Bound Orbit Firings Particulates Impacts
Year Transfers (A) 80% % A (days) At Any Given Instant (m2/yr)
1984 9 7.2 50 1 1.2
1985 15 12 30 1+ 2.0
1986 26 20.8 17.5 3 3.4
1987 25 20 18 3 3.4
1988 20 16 22.5 2 2.7
1889 19 15.2 24 2 2.5
1990 23 18.4 19.8 2+ 3.0
1991 21 16.8 21.8 2+ 2.8

TABLE 7. THE AVERAGE NUMBER OF OBJECTS (NS) WHICH MUST BE RELEASED
PER SHUTTLE MISSION TO PRESENT COLLISION PROBABILITIES
(Pas) OF 10-% AND 10-5 PER T DAY MISSION

Number of Debris

Contributing
Year Flights Ng(Pas = 0.0001) Ng(Pes = 0.00001)
1984 14 714 71
1985 18 556 56
1986 25 400 40
1987 32 313 31
1988 83 435 by
1989 12 733 23
1990 5 1667 167

1991 2 5000 500
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deposition of these objects will provide additional targets for collision with the
current population, elevate the probability of collision between drifting GEO objects;
eventually, all of the objects placed in orbit in this mission model will join the
drifting population, unless procedures are instituted to remove them.

4.2 Proposed Action: Shuttle Launch of Payloads

Use of the Space Shuttle to launch and/or operate the payloads described
in the previous section will result in a number of environmental impacts. Most
of these will be relatively minor and most are negligible when compared to the
launch of the Shuttle. This section and the accompanying tables describe the impacts
that are to be expected from the payloads.

4.2.1 Shuttle Integrated Payloads

The environmental effects of the Shuttle launch and operation of the
integrated payloads which were described in Section 3.1.1 are summarized in Table
8. Both individual mission and cumulative effects for these integrated payloads
are the same: There are very few negative impacts on the environments of either
Earth or space. The payloads are designed and:manufactured under very stringent
guidelines. In addition, operational requirements have been developed to reduce
or eliminate the hazards and negative impacts on either of these environments.
At the same time, the potential for very positive effects from these experiments
and operations are very great and could have global, long-term benefits for all
mankind. As is shown in the table, any negative impacts would result only from
accidents which have very low probabilities of occurrence.

4.2.2 Free-Flying Payloads

The environmental impacts resulting from the launch and operations of the
free-flying payloads are summarized in Table 9. These payloads, described in Section
3.1.2, will have very minor impacts on Earth's and space environments under normal
operating conditions. These payloads are designed and fabricated under the same
stringent safety guidelines that apply to the Shuttle-integrated payloads. Negative
impacts are primarily due to accidents and space debris contributions. The benefits
that would accrue from the operation of these payloads and spacecraft have large
potentials for global, long-term benefits, particularly in the areas of human health,
safety, communications, and resources management.

Of the payloads considered in this assessment, satellites will require the
most intensive material and energy use. Materials for satellite manufacture include
steel, aluminum, copper, titanium, beryllium, composites, and miscellaneous plastics
and propellant. Generic estimating techniques indicate that material requirements
for the 209 satellites scheduled for Shuttle launch over the next decade would be
insignificant compared to the U.S. production of related materials. Steel
requirements, for instance, would total 0.170 MT, which is 1.25 E-5 percent of
the U.S. steel production. Energy requirements for these satellites include those
for propellant and fluids, manufacture and support, materials and ground support.
These requirements would total 6.13 billion kilojoules or 0.0016 percent of the
national energy demand.



TABLE 8. SUMMARY OF ENVIRONMENTAL IMPACTS FROM SHUTTLE LAUNCH OF GENERIC INTEGRATED PAYLOADS(a)
Nature of Payload Impacts/Magnitude
Environmental Get Away Specials Other Integrated
Category Mid-Deck (GAS) Spacelab Payloads
Socioeconomics Very minor, localized Minor, localized Large, measurable, Large, measurable,

benefits during pay-
load manufacture.

(1)

Far-reaching, large
benefit from inves-
tigations and pro-
duct development.

(3)

effects during pay-
load manufacture.

(1)

Long-term benefits
from application of
of research encour-
agement of scientific/
aeronautical research
and careers.

3

localized benefits
during design and
fabrication.

(2)

Long-term benefits
from experimental
results and continued
development and
applications.

(3)

localized benefits
for payload
fabricators.

(2)

Long-term general
benefits to humans
resulting from space
research. Possibili-
ties for commerciali-
zation ‘of processes.

(3)

(a) The rating scale relates the magnitude (i.e., degree, extensiveness, scale, probability of occurrence) of the

impact to its significance. The assessment of an impact is with respect to the existing environment and pre-
sumes the implementation of appropriate mitigative controls. Parenthetical ratings refer to positive (bene-
ficial) impacts.

Rating Definition
0 No or minimal impact
1 Small (measurable), temporary, localized impact
2 Large, short/long-term, local/regional/global scale impact
3 Significant (includes, but not necessarily limited to, impacts associated with

irreversible/irretrievable commitments of resources; adverse effects which can't be avoided; and
benefits which may be of national/international scale), short/long-term, regional/global scale
impact.



TABLE 8. CONTINUED
Nature of Payload Impacts/Magnitude
Environmental Get Away Specials Other Integrated
Category Mid-Deck (GAS) Spacelab Payloads

Space Quality

Air, Land, &
Water Quality

Noise

No space debris
generated.

0
Self-contained experi-
ments in highly con-

trolled environments
will minimize effects.

0

Insignificant impacts.

Negligable impacts.
Present if experi-
mental release of

material occurs.

0
Releases are minor
and not discernable

in context of total
environment.

0

Insignificant impacts.

No space debris gene-
rated; Intentional
releases are of short
duration and minor
impact.

Negligable, local, and
temporary confined to
manufacture and fab-
rication of spacelab
modules.

0

Insignificant impacts.

No space debris gene-
rated; Intentional
releases have short
term, minor, and
localized impacts.

Negligable, 1local,
and temporary, con-
fined to manufacturer
and fabrication of
payload modules.

0

Noise from proces-
sing machinery
would be very
slight.

(a) The rating scale relates the magnitude (i.e., degree, extensiveness, scale, probability of occurrence) of the

impact to i

sumes the implementation of appropriate mitigative controls.

ts significance. The assessment of an impact is with respect to the existing environment and pre-

Parenthetical ratings refer to positive (bene-

ficial) impacts.

Rating

wn = O

Definition

No or minimal impact .

Swall (measurable), temporary,-localized impact

Large, short/long-term, local/regional/global scale impact

Significant (includes, but not necessarily limited to, impacts associated with irreversible/
irretrievable commitments of resources; adverse effects which can't be avoided; and benefits which
may be of national/international scale), short/long-term, regional/global scale impact.
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TABLE 8. CONTINUED
Nature of Payload Impacts/Magnitude
Environmental Get Away Specials Other Integrated
Category Mid-Deck (GAS) Spacelab Payloads

Biotic Resources

Human Health

Resource Use

Controlled, self-con-
taind packages reduce
or prevent contact
with environment.

0
No impacts to general
public. Crew exposure
and risks are
negligable.

0
Insignificant use of
resources due to small

size of packages.

Insignificant Impacts.
Controlled, self-
contained canisters
prevent or reduce con-
tact with environment.

0

Activities and func-
tion take place

away from humans -
no impact expected.

0

Insignificant use of
resources due to small
size of packages.

Insignificant impacts.
Controlled, self-con-
tained packages and
experiments prevent or
reduce contact with
environment.

0

Negligable impacts.
Low-risk activities
for spacelab crew.

0

Insignificant use of
resources due to rel-
ative size of spacelab
modules and experimen-
tal equipment.

0

Insignificant impacts.

No direct contact with

environment under
normal operations.

0

Negligable impacts.
Operational proce-~
dures reduce or eli-
minate human contact/
exposure.

Insignificant use of
resources. Long-term
potential for
materials processing
will be beneficial.

0/(2)

=3
[~

(a) The rating scale relates the magnitude (i.e., degree, extensiveness, scale, probability of occurrence) of the

impact to its significance.
sumes the implementation of appropriate mi

ficial) impacts.

Rating

W = O

Definition

No or minimal impact
Small (measurable), temporary, localized impact
Large, short/long-term, local/regional/global scale impact
Significant (includes, but not necessarily limited to, impacts associated with irreversible/

The assessment of an impact is with respect to the existing environment and pre-
tigative controls. Parenthetical ratings refer to positive (bene-

irretrievable commitments of resources; adverse effects which can't be avoided; and benefits which
may be of national/international scale), short/long-term, regional/global scale impact.



TABLE 8.

CONTINUED

Environmental
Category

Nature of Payload Impacts/Magnitude

Mid-Deck

Get Away Specials
(GAS)

Spacelab

Other Integrated
Payloads

Accidents(b)

No impact on general
public and ground
crews from on-orbit
operations.

0
Negligable impact on

Shuttle crew with on-
board release.

No impact on general
public from on-orbit
operations.

0

Ground and Shuttle
crews may be exposed
to hazards from pres-
surized containers.

No impact on general
public from on-orbit
operations.

0

Ground and Shuttle
crews may be exposed
to hazardous materials
and pressurized con-
tainers subject to
rupture.

No impact on general
public from on-orbit
operations.

0

Ground and Shuttle
crews may be exposed
to hazardous mater-
ials and pressurized
containers subject to
rupture. Some
mechanical equipment
may be subject to
failure.

(a) The rating scale relates the magnitude (i.e., degree, extensiveness, scale, probability of occurrence) of the

impact to its significance.

sumes the implementation of appropriate mitigative controls.

ficial) impacts.

Rating

wmn =0

Definition

No or minimal impact
Small (measurable), temporary, localized impact
Large, short/long-term, local/regional/global scale impact
Significant (inecludes, but not necessarily limited to, impacts associated with

irreversible/irretrievable commitments of resources; adverse effects which can't be avoided; and

benefits which may be of national/international scale), short/long-term, regional/global scale
impact.

(®) Low probability events.

The assessment of an impact is with respect to the existing environment and pre-
Parenthetical ratings refer to positive (bene-
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SUMMARY OF ENVIRONMENTAL EFFECTS FROM SHUTTLE LAUNCH
FREE-FLYING PAYLOADS
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4.3 Alternative Action: Expendable Launch Vehicle/Sounding Rocket Launch
Payloads

This section highlights the differences between the Proposed Action, the
Shuttle launch of the payloads, and the Alternative Action, the use of Expendable
Launch Vehicles and/or Sounding Rockets. With the ELV/SR alternative, several
options exist; from total abandonment of the operation and experiment to no, or
very little, change from the Proposed Action. The differences in the environmental
impacts as shown in Tables 6 and 7, are discussed in the following paragraphs.

A number of integrated and free-flying payload missions could not be initiated
if expendable launch vehicles or sounding rockets were used as an alternative to
Shuttle launch of payloads. Non-automated payloads requiring human intervention,
payloads exceeding the size and mass constraints of launch vehicles, and payloads
necessitating long duration exposure to space environment conditions would be
precluded from utilizing the space environment for research or commercial
applications. There are a number of missions for which the Expendable Launch
Vehicle/Sounding Rocket Alternative is technically or economically infeasible. Of
the 306 unclassified missions (exclusive of GAS and Mid-deck experiments), about
40 percent would have to forego the benefits from the proposed shuttle activities.
For the generic payloads described in Section 3.0, the Expendable Launch
Vehicle/Sounding Rocket Alternative for CFES, GAS, Spacelab, MSL, TSS, SIRTF,
SPL, Eureca, SPARTAN, LDEF, SPAS, and EOS would not be appropriate.

The Atlas-Centaur and Delta launch vehicles were found to be reasonable
options for 57 and 113 missions, respectively. The remaining 19 missions were
assigned to the T34D/IUS, Ariane, or Scout. Appendix B provides further detail
on whether or not an expendable launch vehicle or sounding rocket would be a
reasonable alternative to the use of the Shuttle.

Although sounding rockets have not been identified as reasonable alternatives
to other generic payloads (Section 3.0) it is possible that small, automated research
payloads (e.g., GAS) could be flown on a sounding rocket if the experiment
requirements could be fulfilled. Environmental impacts of sounding rockets would
be considerably less than the Shuttle launch. However, this alternative would be
available to very few of the payloads because of experimental requirements (e.g.,
long duration exposure to zero-g) or size/mass constraints.

Environmental impacts of communication, environmental, navigation, and
planetary spacecraft missions would not be significantly different from those
associated with the Proposed Action. Abandonment of research and commercial
opportunities would: (1) severely limit the near-term realization of potential benefits
to man from space exploration and (2) eliminate environmental impacts associated
with payload development, manufacture, and operation.

4.3.1 Launch Vehicle Integrated Payloads

The Expendable Launch Vehicle or Sounding Rocket Alternative would not
technically nor economically feasible for any of the integrated Shuttle payloads
described in Section 3.1 In most cases, a combination of several research
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requirements, e.g., long duration exposure and Earth-return of payload, precluded
these from further consideration for alternative launch vehicle actions. Table
8 is therefore not applicable to this alternative action.

4.3.2 Free-Flying Payloads

Free-flying payloads capable of being launched by ELVs include
communication, environmental, navigation, and planetary spacecraft. The
environmental impacts of the vehicles are shown in Table 3. The environmental
effects associated with the generic missions and payloads are essentially the same
as for Shuttle launch of these payloads as shown in Table 9. This section will describe
the major differences that ELV/SR use would have on those impacts.

Communication Satellites. Of the 130 communication satellites to be launched
betwen 1982-1991, only the TDRS satellites could not be launched by ELVs. The
TDRS series exceeds the mass capability of the- current launch vehicle fleet.
Environmental effects are not significantly different from those anticipated by
the Proposed Action, although the type and quantity of space debris generation
will differ with the use of expendable vehicles.

The socioeconomic impacts center on different labor requirements and may
result in a variation in transportation and launch costs to the customer, depending
on location of the ELV launch site. Changes in the demand for domestic or foreign
vehicles may occur depending on the ELV capabilities and associated costs.

The effects on space quality resulting from the use of ELVs would not be
significantly different from the effects that result from the use of the Shuttle
to launch the satellites. The most pronounced effects on space quality would be
the placement of a greater number of objects in space that would represent an
increased collision hazard to other spacecraft. These would consist of launch vehicles
stages in low Earth and elliptical transfer orbits.

Accident consequences for unmanned ELV launches include the loss of payloads
and temporary damage to the immediate environment. The accident consequences
for ground-stations are identical to those projected under the Proposed Action.
The poterntial for loss of Shuttle crew would be eliminated.

Environmental Satellites. Environmental satellites are currently being
launched to low sun-synchronous orbits by the USAF's Atlas F vehicles and high
geosynchronous orbits by NASA Delta vehicles. If the Shuttle were not used, this
practice would continue, the only limitation being the stock of Atlas F vehicles
available for this purpose. The effects on the use of geosynchronous orbit are
equivalent to those for Shuttle launch of the payloads.

Accident consequences for unmanned ELVs include the loss of the payload
and temporary damage to the environment near the accident site. The accident
consequences for the ground-based facilities are the same as those projected under
the Proposed Action, and these consist of normal work-place types of accidents.
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Navigation Satellites. The current Transit and Nova navigation satellites
have been launched by Scout ELVs. The NAVSTAR Global Positioning System (GPS)
is being designed for launch from the Space Shuttle with a PAM-D2 solid rocket
motor. The Delta ELV with a solid rocket third stage is the existing ELV which
would be most appropriate for this mission; minor modifications would be required
to both the spacecraft and vehicle. A single spacecraft launch on an Atlas/Centaur
would be to expensive, but multiple launches on a Titan 34D/IUS could be undertaken
with costs which approximate those for a Delta launch. Since 24 to 26 launches
are projected, the costs of modifying the vehicle or spacecraft to accomplish this
mission would be amortized, and either Delta or Titan vehicles could be selected
to optimize cost and program requirements.

The use of the Shuttle and PAM-D2 to accomplish the mission will cause
both the PAM-D2 and spacecraft to become part of the space debris population.
If the Delta were used the Delta's second stage as well as the solid rocket motor
third stage and NAVSTAR spacecraft will join the space debris population. If the
Titan 34D/IUS were selected, the Titan second stage and the two IUS stages would
join the debris population, but at least two spacecraft could be placed for each
launch. Thus, a Shuttle launch results in the addition of two major space debris
objects while-Delta and Titan 34D/IUS launches result in an average of three and

: two-and-a-half debris objects, respectively. The Proposed Action would place -

24 to 26 NAVSTAR satellites in 20,000 km orbits with 63 degree inclination. This
would result in 48 to 50 major items of debris if the Shuttle were used; about 72
to 78 items would be added to the space debris if Deltas were used.

Accident consequences for the navigation satellite launches by ELVs include
the loss of payloads and their services and temporary damage to the environment
near a crash site.

Planetary Spacecraft. Planetary missions are the most demanding of launch
vehicle performance capabilities. Flyby and orbital missions to Mars and Venus
can be accomplished by existing Atlas/Centaur and Tital 34D/IUS vehicles. Most
planetary missions envisioned for the rest of this century are directed at such outer
planets as Jupiter. These missions would require a Titan/Centaur vehicle, and
these are no longer in production. Non-recurring expenditures of several missions
of dollars would be needed to restore the capability to produce and launch these
vehicles. The Titan vehicles, however, are not considered to have as much capability
growth as the Shuttle.

The use of the Atlas or Titan ELVs will result in disposal of a lower stage
in Earth orbit. The upper stage escapes the Earth's gravitational influence and
remains in regions where the space debris problem is not a current concern.

Accident consequences for ELV launches include loss of the payload and
temporary damage to the environment near the accident site. Since the ELVs are
unmanned, the risk to the Shuttle now is eliminated. Ground-station operations
and accidents are the same as for the Proposed Action, the Shuttle launch of these
missions.
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4.4 No-Action Alternative: Terrestrial Equivalents

A substantial number of the integrated and free-flying missions could not
be achieved through ground-based systems. About 40 percent of the unclassified
missions (exclusive of National Security, GAS, and Mid-deck experiments) would
have to forego the anticipated benefits under the Proposed Action. For these
missions and the generic payloads (as described in Section 3.0), terrestrial equivalent
systems would be feasible for communication, environmental, and navigational
systems. Most of these ground-based systems are primarily radio
communication-type systems with networks of broadcast and relay towers as well
as undersea and land line cables. Because of this, only the ground-based
communications systems are detailed in the following paragraphs. The environmental
impacts are also shown in Table 3.

4.4.1 Ground-based Systems

Environmental impacts of ground-based communication systems are detailed
in this Section and provide a worst case envelope for ground-based navigational
and environmental systems. The direct and indirect Shuttle-related impacts would
be replaced by localized and dispersed impacts from the construction and operation
of those aforementioned systems.

4.4.2 Communications Systems -

Terrestrial equivalents of space-based communications systems exist for
virtually all of the proposed communications payloads (except for technology
verification and servicing operations). The feasibility of ground-based systems
is a function of several variables, including the service type, user requirements
(e.g., reliability and speed of data transmission), location or remoteness of the
user community, and the technology status and associated capital and operating
costs of the ground-based systems. Large population centers, for instance, might
be able to rely on microwave relay towers, land lines, or undersea cables. Remote
and mobile facilities (e.g., oil rigs, aircraft, vessels at sea, small isolated
communities), on the other hand, might have to rely on atmospheric propagation
of radio waves if this were applicable. Other ground-based techniques rely on
innovative concepts such as laser transmissions, fiber optics, and utilization of
meteor trails for radio wave relay. These latter alternatives, while technically
feasible, might not be economically feasible nor practical for operational
implementation. Terrestrial equivalents to the Proposed Action explored in this
Section therefore include only those technologies that would be cost competitive
with space-based communications systems.

Socioeconomics. Short and medium range (e.g., less than 1000 km)
transmission of moderate and high volumes communications traffic is likely to
be more cost-effective when transmitted via ground microwave systems than satellite
systems. For long distances (e.g., greater than 1000 km), and in sparsely populated
areas where the traffic volume does not support a large investment in ground
facilities, satellite relay systems are more cost-effective than ground relay systems.
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Thus, the No-Action Alternative would tend to raise the cost of some long-distance
communications, while reducing some short and intermediate distance communication
costs. The full economic trade-off between ground and space-linked communications
systems is complex, and depends upon a number of factors including the density
of the active user population (e.g., TV reception); projections of market growth
for all types of communications services; and technology. Studies of a relatively
underdeveloped country, such as India, indicate that for uniform population density
and a low technology base, the economic cross-over distance for satellite stations
with VHF radio-telephone links to the Earth-stations ranges from 200 km to 400
km (Pelton, 1982). Thus, while the terrestrial alternative would raise costs, it
is a reasonable alternative technology. Selection of ground-microwave technology,
however, would delay the spread of the communications networks to remote,
low-density areas until the high volume user traffic would materialize and require
servicing. While U.S. companies would probably compete to supply some of the
equipment for these systems, it is likely that a lower percentage of the systems
would be of U.S. origin than is the case for the satellite systems. This should have
a small, but measurable, impact on U.S. exports and employment. The operations
and maintenance costs associated with ground-based systems also would tend to
be higher than for space-based systems. This is particularly true when undersea,
above ground, and buried cables are used. Land systems using hardwire cables
require reduced vegetation zones along the rights-of-ways which require forestry
crews as well as line repair crews to continually inspect and maintain the
rights-of-ways and the transmission lines. Undersea cables operate in a very
demanding environment. The corrosiveness of sea water and the high pressures
on the ocean bottom result in a continuing maintenance requirement of cable
inspection renewal and relaying and can only be accomplished by a cable laying
vessel. Based on these considerations undersea cables would be expensive systems
to operate and maintain.

If the No-Action Alternative were to be interpreted as leading to the
abandonment of all future U.S. space activity, there would be a corresponding
reduction of employment in the aerospace industry. The impact would be the
greatest on the labor force involved in the (1) design and fabrication of spacecraft
and supporting ground stations and (2) launch vehicles equipment. The U.S. balance
of payments also would be adversely affected due to the use of the launch services
of other space-oriented countries such as the Soviet Union, France, and Japan.
The effects on society of reducing both commercial and research use of space are
not easily predicted, but would be significant and adverse.

Space Quality. The No-Action Alternative would not add to the space debris
population and would, therefore high a slightly positive effect on space quality.
However, if the launch services of other nations were used to launch the
communications satellites, there would be no net space quality changes over the
Expendable Launch Vehicle/Sounding Rocket Alternative required.

Air, Land, and Water Quality. The No-Action Alternative would avoid the
direct near-term and temporary effects on air, land, and water quality associated
with the Shuttle launches. It would also avoid the minor effects generated by the
fabrication and assembly of the communications satellites. The short-term effects
of the Shuttle launches would be replaced by temporary air, water, and land quality
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effects from the construction, operation, and maintenance of greatly expanded
ground-based systems. These would include the construction of microwave towers,
laying of undersea cables, and erecting radio frequency broadcast towers. Some
of these facilities would be located in remote areas where there is no other
development of man-made origins. For these particular locations, there would
be a potential for short-term adverse effects, associated with construction
disturbances. Facility operations would include negligible and temporary effects
on the air, land, and water quality in the immediate vicinity.

Noise. The No-Action Alternative would substitute the temporary noise
levels generated by the launching of the Space Shuttle with the relatively minor,
local, and temporary noise associated with microwave tower construction, undersea
cable laying, and radio frequency broadcast tower erection. The normal operations
and maintenance of these systems do not generate measurable nosie levels that
would affect local environments.

Biotic Resources. The reliance upon ground-based communications sytems
would necessitate the construction, operation, and maintenance of a large number
of microwave towers, undersea cables, broadcast towers, land lines, and associated
buildings and other facilities. Taken individually, no one single facility or system
network would lead to any significant impacts on the biotic environment. Facilities
and access road construction would result in minor adverse effects on specific
local areas, especially in remote, isolated, and/or ecologically delicate areas.
Restricted development along the access roads and in the vicinity of the facilities
would help mitigate the potential adverse effects, but would not eliminate them
entirely as routine operations and maintenance would continue to exert a disturbing
influence of these areas. The cumulative. effects of using ground-based
communications systms would be adverse but of minor significance. The number
of locations that would be disturbed would increase siginficiantly, especially with
the use of undersea cables and below or above ground transmission lines. In addition,
electrical power would be required for many of the repeater stations which would
result in power transmission lines being erected to the facilities. In remote locations,
particularly where vegetation is diverse and fast-growing, continual maintenance
of the rights-of-way would be required. This would establish a permanent disruption
of ecological resources. Undersea cables require more constant routine maintenance
than land-based wire systems due to the corrosiveness and dynamic pressures of
the water in which they function. The cables have to be pulled up from the ocean
floor, inspected, renewed, and relaid; all these activities would disturb the local
ocean ecology. In all likelihood, however, the use of totally ground-based systems
would not result in any significant adverse effects to the biotic environment.

Human Health. Normal operations of ground-based communications systems
would have no significant effects on human health. Any impacts that would be
present would be the result of construction and maintenance activities and would
be more directly related to accidents than normal activities.

Resource Use. The No-Action Alternative would require the construction
of a large number of microwave towers, the erection of broadcast towers and
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above-ground cables, and the construction of the associated repeater, relay, and
other equipment facility structures. No one single facility or structure would use
a significant amount of resources either for construction or operation. There is,
however, a potential for some minor effects if all of the proposed communications
satellites were to be replaced by ground-based systems. All of the structures and
facilities would use metals (such as steel and aluminum) and other building materials
(such as concrete and bricks) that are, for the most part, non-renewable. The
quantities used would be a very small and almost insignificant amount and therefore
would represent a very small potential for any significant impact on the total market
for building materials. The basic manufacturing of the construction materials
and the building and fabrication of the systems, as well as the operation of the
systems, require the use of various forms of energy. A brief investigation of the
materials and energy requirements associated with the construction and operations
of one microwave tower indicates that this process consumes about 25 kilowatts
(thermal) of energy. (Rice, 1974; 1978; Battison, 1982). The total number of towers
that would be required is very hard to determine at this time. But for comparison
purposes, a typical microwave relay system would consist of approximately 2100
towers. This represents a total estimated energy consumption of about 1.7 x 1013
kJ for the equivalent 10 year operational life of a communications satellite.
Although this is about tem times the energy required for one Space Shuttle launch
of a communications satellite, the tower life of a microwave tower is more likely
to be 20 years or more with the greatest portion of the energy expended during
the construction phase. The energy use for the additional 10 year operational period
wouid be a small incremental increase.over the preceeding 10 year period. Submarine
cables would represent an energy cost of about three to five times that of a
space-borne communications system. Investment costs of any substitute system
are very difficult to determine at the present time.

Accidents. High risk activities associated with the No-Action Alternative
include construction and maintenance of towers, installation of submarine cables
at sea, communications facility operations, and aircraft operations in the vicinity
of towers. Any of these accidents could lead to either deaths or injuries. Accidents
associated with operations of the facilities include electrical shock associated
with high voltage or high capacity electronic equipment. This particular industry
has a relatively good safety record; the probability of a major incident is therefore
very small. (BLS, 1982). Construction accidents are more common and more
prevalent than in other industrial sectors. The accident risk factor to be expected
during the construction of new towers and relay stations would be about 19.5
incidents per 100 workers, which is about twice the average of the private sector.
Both natural and man-induced accidents at sea can be significant. Mitigating actions,
such as life lines and flotation devices, fend to reduce the severity of human
accidents, but little can be done to mitigate the effects of storms at sea. Increasing
the number of microwave towers and other broadcast towers would tend to increase
the number of aircraft-related accidents. In the U.S., in particular, with its large
number of private pilots and aircraft, this presents an increased risk to life. From
1974 to 1978, there were an average of 4.8 collisions per year with electronics
towers of all types, of which 2.8 per year were fatal accidents (NTSB, 1975-79).
Statistics are not available to calculate the equivalent aircraft accident rates for
other countries in the world, but considering relative populations, numbers of private
pilots and aircraft, and projected increase in the number of electronics towers,
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the implementation of tower networks would result in at least one additional fatality
per country per year. If an accident of any kind were to remove a tower from
operation, a major disruption to a total communications network would not be
anticipated. This would be especially true for any microwave system or boadcast
tower, where signals could be rerouted through adjacent or other near-by towers.
Submarine cables present somewhat of a different problem in that when a cable
fails, or is accidentally cut underwater; the approximate location of the failure
must first be determined and then a vessel dispatched to locate the actual failure.
This is a time-consuming process because the cable has to be retrieved from the
ocean bottom, inspected for damage or other failure indication, repaired, and then
relayed on the ocean bottom. If the failure location is not evident the cable must
be searched along its entire length until the failed portion is found. Unless alternate
cable systems are available for use, the entire communications system associated
with that cable is not usable. Cable technology has progressed so that internal
diagnostics can generally indicate failures before they occur and can pinpoint their
locations, which reduces the potential for complete disruption of the communications
network.
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A summary listing of contributors to this document is presented in Table 10.
The Table identifies the contributor, organization, area of expertise, and major
area of contribution to this report.
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STS Flight Assignments
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Systems, Management and Safety-
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APPENDIX A

SUGGESTED FORMAT FOR SHUTTLE PAYLOAD
ENVIRONMENTAL ASSESSMENTS

The payloads that have been or will be scheduled on the Space Shuttle can
be genericallx described according to the characteristics specified in Section™3T0 -
1s assessment. Once categorized, the environmental impacts of the paylaods
can be determined from the information contained in Section 4.0.

The payload impact assessment process would be assisted by use of the
suggested f presented in this appendix. Essential informatio cerning the
tyée, operation, physical characteristics, crew requirement, safety reviews, and
upper stage use for the payload are included on the front of the form. When this

information has been recorded, the TMPACLS Tor the type oI payload CHMbe abstracted

from Section 4.0 of the Generic Environmental Assessment and entered on the
bagk of the form in the appropriate box in_the matrix. Special or unique operations,
configurations, and/or requirements can be addressed as well as synergistic effects
of the payload on other payloads for a particular flight. The bottom portion of
the form includes a certification section and a FONSI approval section. This form
could reduce the paperwork flow involved in pre-flight administration, yet it also
contains the information that is essential for the environmental assessment
decision-making process.




Mission Duration, dy

i : Service Life, yr
APPLICATION:

O Commercial* [0 Technology Development*

O Science* O Natfonal Security O Other*

ORBITAL OPERATIONS:

O Deployment O Service O Deployment, Operation, Retrieval
O Attached O Retrieval (Single Mission)

OBJECTIVE:

DESCRIPTION:

PAYLOAD ORBIT CHARACTERISTICS:

Apogee, km Perigee, km Inclination, deg
LAUNCH SITE: O ETR 0O WTR LAUNCH DATE:
UPPER-STAGE TYPE: O MMS O paM-A 0 T0S

0O s 0O PAM-D O None
[J CENTAUR O PAM D-11 0O Other

Propellant (Type/Quantity, kg)

EQUIPMENT PHYSICAL CHARACTERISTICS:

Location 0O Middeck O Cargo (Pressurized) [0 Cargo (Unpressurized)
Overall Dimensions

L, m W, m H, m Stowed

L, M W, m H, m Deployed
Mass, kg**

Propellants, Type/Quantity, kg
(Except Upper Stages)

Hazardous Materials, Type/Quantity, kg
(Except Propellants)

CREM REQUIREMENTS:

Crew Participation O Yes Q No

Major Activity (ies)

Extravehicular Activity (EVA) O Yes O No
Purpose
HRS/EVA

SYSTEM SAFTY CONCERRS: (Major hazards, type of accident; probability of occurrence)

ALTERRATIVES:
Alternate Launch Vehicle/Launch Site

Terrestrial Equivalent

DEBRIS GEMERATION: (Quantity/Type/Location)

SPECIAL COWSIDERATIONS:

L4
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