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ABBREVIATIONS AND ACRONYMS

Ar Argon (atomic symbol)
AFB Air Force Base
AFMC Air Force Materiel Command
AFSLV Air Force Small Launch Vehicle (Pegasus XL)
AFSPC Air Force Space Command
Ag-Zn Silver-Zinc (atomic symbols) as electrodes in a battery
ARTS Automated Remote Tracking Station
CCC California Coastal Commission
CCD Coastal Consistency Determination
CEV USAF/SMC Directorate of Acquisition Civil Engineering,

Environmental Management Division
CIV Critical Ionization Velocity (an ARGOS payload)
CO2 Carbon Dioxide (chemical formula)
COCO Contractor-Owned Contractor-Operated
COBE COsmic Background Explorer
DOPAA Description of Proposed Action and Alternatives
DOT U.S. Department of Transportation
DSCS Defense Support Communications System
EA Environmental Assessment
EIAP Environmental Impact Analysis Process
EPC Environmental Protection Committee
EPCRA Emergency Planning and Community Right-To-Know Act
ESA Endangered Species Act
ESEX Electric Propulsion Space Experiment (an ARGOS payload)
EUVIP Extreme Ultraviolet Imaging Photometer (an ARGOS payload)
Fe55 A radioactive isotope of Iron with an atomic weight of 55
GEO Geosynchronous Earth Orbit
GSE Ground Support Equipment
GIMI Global Imaging Monitor of the Ionosphere (an ARGOS payload)
GPS Global Positioning System
HCl Hydrochloric Acid or Hydrogen Chloride (chemical formula)
He Helium (atomic symbol)
HIRAAS High Resolution Airglow/Auroral Spectrograph (an ARGOS 

payload)
HTSSE High Temperature Superconductivity Space Experiment (an 

ARGOS payload)
IEU Integrated Electronics Unit
IRP Installation Restoration Program
LEO Low Earth Orbit
NASA National Aeronautics and Space Administration
NH3 Ammonia (chemical formula)
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NiH2 Nickel Hydride (chemical formula)
NM Nautical Miles
NMFS National Marine Fisheries Service (a section of NOAA/Dept.

of Commerce)
NOAA National Oceanic and Atmospheric Administration
ODS Ozone-Depleting Substances
SBCAPCD Santa Barbara County Air Pollution Control District
SGLS Space-Ground Link System
SLC Space Launch Complex
SPADUS Space Dust Experiment (an ARGOS payload)
STEP Space Test Experiment Platform (a small modular experiment

satellite)
TBD To be determined
TT&C Telemetry, Tracking and Commanding
USA Unconventional Stellar Aspect (an ARGOS payload)
USAF United States Air Force
USFWS United States Fish and Wildlife Service (a section of the

Department of the Interior)
VAFB Vandenberg Air Force Base
WR Western Range
Xe Xenon (atomic symbol)
30 SPW 30th Space Wing, a unit of AFSPC
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1.0  PURPOSE of and Need for the Action

1.1  Proposed Action:

The proposed action is to develop, manufacture, and launch an on-orbit operation
of a single P91-1/ARGOS (hereinafter called ARGOS) spacecraft.  All ARGOS
(Advanced Research and Global Observation Satellite) manufacturing and pre-launch
servicing and checkout is carried out in contractor-owned and contractor-operated
(COCO) facilities, (not at Vandenberg AFB) using what is known as a "Ship and Shoot"
philosophy.  The launch of ARGOS will be from Space Launch Complex 2 West (SLC-
2W) at Vandenberg AFB.  The environmental impacts of the Delta II launch vehicle are
described in detail in the NASA/GSFC document: "Environmental Assessment for the
Modification of Space Launch Complex 2 at Vandenberg Air Force Base, California",
dated September 1991, and a supplement to that EA dated November 1992”.

Eight experiments will be conducted for the ARGOS mission.  The purposes of
these experiments are described in brief as follows:

Critical Ionization Velocity (CIV)  will study ionization processes caused by
molecular collisions in the upper atmosphere.  This will help in the identification
of rocket plumes and wakes by ground or space sensors.  Sponsor: USAF Phillips
Laboratory.

Extreme Ultraviolet Imaging Photometer (EUVIP)  will establish the behavior of
the upper atmosphere and the plasmasphere as needed for RF systems design.
Sponsor:  U.S. Army.

Global Imaging Monitor of the Ionosphere (GIMI)  will demonstrate operational
sensor technology for environmental monitoring of upper atmosphere
perturbations due to meteors, aurora and rocket exhausts.  The data will provide
DoD users with improved capability to obtain global upper atmosphere weather
coverage over large areas. Sponsor: U.S. Navy

High Resolution Airglow/Auroral Spectrograph (HIRAAS)  will map upper
atmosphere composition and structure in the airglow/auroral region to improve
satellite drag forecasting and life prediction.  It will also help improve
performance of systems involving radio and microwave propagation in this
region.  Sponsor:  U.S. Navy.

Unconventional Stellar Aspect (USA)  will characterize astronomical X-ray
sources for potential use as autonomous position, attitude and timekeeping
references.  It will also perform the first X-ray tomographic survey of the Earth's
atmosphere.  Sponsor:  U.S. Navy.
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Space Dust Experiment (SPADUS)  will provide definitive measurements of the
orbital debris in a highly populated DoD altitude/inclination orbit.  This will allow
prediction of orbital debris "showers" which could affect DoD spacecraft as well
as Space Shuttle and Space Station Freedom.  It will also help spacecraft shielding
and electronics design for extended lifetimes.  Sponsor:  U.S. Navy.

Electric Propulsion Space Experiment (ESEX)  will demonstrate crucial arcjet
thruster propulsion technology needed to support cost effective access to space.
Such upper stages can double the payload-to-orbit capability of expendable
boosters, greatly reducing launch costs.  Sponsor:  USAF Phillips Laboratory.

High Temperature Superconductivity Space Experiment (HTSSE II) is intended
to demonstrate the effectiveness of superconductive device technology in
spacecraft. The benefits are expected to be operating speeds over 10 times greater
than conventional devices, power requirements 100 to 1000 times less, and weight
reductions of 10 times less.  It will also demonstrate an advanced cryocooler for
cooling focal plane arrays and semiconductors. Sponsor: U.S. Navy

1.2  Need for the Proposed Action:

The mission responds to the periodic need to fly experiments which are
too large, heavy or high in power requirements for other launch systems available
to the Air Force Space Test Program, such as the Air Force Small Launch Vehicle
(AFSLV) and the Space Test Experiment Platform (STEP) satellite.  This
spacecraft is intended to provide cost effective access to space for space
experiments provided by the U.S. military services through the Tri-Service Board.

1.3  Decision That Must Be Made:

The decision that must be made is what action to take to provide eight
space experiments that are essential to the AF space program.  This decision will
be based on cost and the capability of each alternative to meet the minimum
mission requirement, while considering the level of potential environmental
impact of each alternative.
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2.0  DESCRIPTION OF PROPOSED ACTION AND ALTERNATIVES (DOPAA)

2.1  The Proposed Action

The ARGOS spacecraft consisting of the ARGOS spacecraft bus and the eight
experiment hardware packages will be designed, fabricated and integrated into a launch
assembly at the Rockwell International Corporation, Seal Beach, California.  It is then
proposed that this launch vehicle/payload assembly be launched from Space Launch
Complex SLC-2W at Vandenberg Air Force Base, California at an azimuth of 196o.
After reaching orbit, it is proposed that the spacecraft and its experiment payload perform
a series of scientific observations and experiments as described in this section and
Section 1.0 for a period of approximately one year.

The subject launch is scheduled in CY 97 using a Delta II Model 7920 vehicle.
The intended orbit is 460 (+0, -10) nautical miles (NM) at an inclination of 98.74o.
Figure 2-1 depicts the ARGOS spacecraft and its subsystems.  Figure 2-2 depicts the
ARGOS experiments, their appearance and locations on the spacecraft.  Figure 2-3
presents an exploded view of the Delta II launch vehicle with the ARGOS spacecraft
integrated in the payload fairing.

2.1.1  The ARGOS spacecraft subsystems:

Structure subsystem consists of a two bay rectangular frame, using aluminum
structure with aluminum honeycomb external panels and internal bulkheads.  It is
provided with a 4-hardpoint launch vehicle interface to match the Delta standard
payload adapter.  Experiment mountings and locations are selected to maximize
the experiment fields of view.

Telemetry, Tracking and Commanding (TT&C) subsystem consists of a 2-carrier
RF system, compatible with ARTS and SGLS ground stations, for uplink
telecommanding of the spacecraft as well as downlinking experiment data.  Both
uplink and downlink are encrypted, and a 2.4 gigabit on-board recording
capability is provided for data obtained between ground station downlink
opportunities.

Thermal Control subsystem is a cold-biased system consisting of multilayer
insulation, radiators, doublers and thermal control coatings.  Make-up heaters are
included to allow for cold-case attitudes and conditions.

Digital subsystem performs control of data management functions, attitude and
sun safe requirements, data recorder, telemetry, thermal sensing/processing as
well as decoding and distribution of commands from the TT&C subsystem.  Its
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hardware is contained in an Integrated Electronics Unit (IEU) with 8 modules,
one of which is a Global Positioning System (GPS) receiver.

Power subsystem provides 1000 watts of 28V DC bus power for the operation of
spacecraft subsystem and experiment equipment.  The subsystem consists of a
Load Control Unit, a Power Conditioning Unit, a battery assembly with two 45
amp-hour nickel hydride batteries, and a pair of solar arrays with drive
mechanisms.  The silicon cell solar arrays provide power to the spacecraft bus as
well as to recharge the batteries for eclipse operation.  Hazardous materials used
are identified and assessed in Reference (5).

Attitude Determination and Control System (ADACS) provides attitude
knowledge, attitude stabilization and maneuver capability to the spacecraft.  The
subsystem consists of two Inertial Reference Units, two Scanning Horizon
Sensors, a set of four Reaction Wheels, six analog Sun Sensors and two
electromagnets for magnetic moment compensation.  Inputs from the sensors are
combined with GPS data in the Integrated Electronics Unit.  Reaction wheel
torque, electromagnet on/off commands and RCS thruster commands are then
generated as required.

Propulsion (Reaction Control) subsystem  provides attitude maneuvering
capability for sun safe operation, under the control of the ADACS subsystem.
Eight 0.2 lbf thrusters utilize CO2 gas from tanks shared with the CIV experiment.
The thrusters, positioned about three orthogonal axes, provide attitude control
capability.

2.1.2  The ARGOS Spacecraft Hazardous Materials:

All ARGOS manufacturing and pre-launch servicing and checkout are carried out
in contractor-owned and contractor-operated facilities.  The ARGOS spacecraft and its
experiments contain a number of chemicals, specifically carbon dioxide, xenon, P10 gas
(10% methane, 90% argon), argon, methane, helium and ammonia gases, small amounts
of the radioisotope Fe55, as well as chemicals associated with the silver/zinc and nickel
hydride batteries.  The P91-1 ARGOS contractor, Rockwell International, is pursuing a
corporate policy to reduce the usage of toxic and hazardous materials on P91-1 and all of
their programs.  One such project, for example, is aimed at reducing dependence on the
use of chromate (hexavalent chrome) corrosion control materials.  Rockwell is one of the
corporations committed to eliminate the EPA-17 (EPA 33/50) in all of the process.
Safety analyses of the operations, equipment and subsystems involving these materials
have been performed, and have shown that potential environmental and personnel
hazards have been effectively precluded.
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2.2  Alternatives to the Proposed Action

In the planning of this set of experiments, a study was performed on alternative
ways in which they could be flown.  These are summarized below.

2.2.1  Using an excess spacecraft bus

An inventory of available spacecraft buses was reviewed.  These include DSCS-3,
DSCS-2, GPS Block 2, COsmic Background Explorer (COBE) and Teal Ruby.  Using
the planned Delta II booster, these buses could all be refurbished and the eight
experiments could be integrated, and launched.  However, it was concluded that, due to
the uncertain pedigree of the hardware and that they were designed for other missions,
the cost of refurbishing and integrating to the ARGOS experiments would be greater than
developing and building the P91-1 ARGOS spacecraft.  Furthermore, with the exception
of Teal Ruby and the COBE bus, it is unlikely that any existing bus would be able to
accommodate the weight of all eight experiments - now almost 3000 lbs.

2.2.2  Using the TITAN IV or the NASA STS (Shuttle)

The Titan IV program has evolved rapidly since 1985 when the USAF began the
Complementary Expendable Launch Vehicle (CELV) program to provide launch
capability to supplement the Space Shuttle.  Both the TITAN IV and Space Shuttle are
able to provide large lift capacity to ensure adequate launch capability for DoD and
commercial heavy payloads.  But, the TITAN IV and the Space Shuttle would cost more
to provide the same service.  The Delta II is a much more efficient vehicle and it is able
to accommodate the ARGOS mission with little modification .  Using the Delta II
provides less impact to the environment and significantly reduces the operating cost of
the mission.  Therefore, the TITAN IV and the Space Shuttle are both exempt from
further study.

2.2.3  Fly experiments on STEP

STEP (Space Test Experiment Platform) is a small modular experiment satellite
and is mainly designed for a single low mass experiment.  Each of the eight experiments
could be individually flown with minor bus modifications on separate STEP missions.
However, the $25-30M cost of each mission make these economically unattractive
alternatives.  Also, three of the eight experiments require a high inclination orbit at 450
NM, and it is questionable if Pegasus (the STEP launch vehicle) would have adequate
performance.
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2.3  No Action Alternative

The eight experiments which compose the payload of ARGOS have been
reviewed by the Tri-Service Board, an Army-Navy-Air Force board which annually
reviews all DoD-sponsored space experiments for mission relevance and value, and
prioritizes them.  This Board ranked the experiments as follows:

HTSSE II #2 (1992)
HIRAAS #5 (1991)
GIMI #19 (1991)
USA #22 (1991)
EUVIP #8 (1991)
CIV #9 (1991)
ESEX #13 (1990)
SPADUS #33 (1990)

These rankings illustrate the relative importance of the experiments, with some of
the lesser ranked (higher numbered) experiments being included to efficiently utilize the
spacecraft capacity.  Because of the high priority attached to these experiments, the No
Action Alternative is not acceptable.
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3.0  AFFECTED ENVIRONMENT

The affected environment for the ARGOS mission consist of the contractor-
owned facilities, the launch site, the Western Range (WR), and the space environment in
which ARGOS orbital operations occur.  The contractor owned facilities are excluded
from this environmental assessment because the government is not responsible for
actions that take place at contractor-owned contractor-operated (COCO) facilities.  The
launch site and the WR are extensively described in Section 3.0 of the Environmental
Assessment of the Delta II Program, Reference (1), and the Supplemental Environmental
Assessment for Delta II, Reference (2), which resulted in a FONSI.  The operational
space environment for the satellite is the only environment that will be considered for this
EA.

Space Debris

The United States, the former Soviet Union and other nations have been
launching hardware into space since the 1950s, and certain regions of space are getting
crowded not only with satellites, but also useless hardware such as booster stages and
miscellaneous bits and pieces of separation hardware, fragments of exploded tankage.
There are several implications from this situation.  First, there is an increasing risk with
attendant damage or crew safety problems of debris collision with an operational satellite
or a manned vehicle such as Shuttle or Space Station.  This is particularly true in the most
"popular" orbits, such as the Low Earth Orbit (LEO), and the Geosynchronous Earth
Orbit (GEO).  LEO is at altitudes less than 2,000 km with orbital periods less than 3.75
hours.  GEO is occupied by objects orbiting at an altitude of approximate 35,787 km with
an orbital period of approximately twenty-four hours.  Secondly, large or very dense
items of debris can deorbit with time, survive reentry and cause the risk of damage on the
Earth's surface.  And third, deorbiting debris which burns up during reentry can deposit
particulate matter (metal oxides) in the stratosphere, aggravating the suspected effect on
ozone depletion.  NASA has reported a tenfold increase in the metals content of the
stratosphere in the last few years (Reference 6).

The statistical probability of collision between orbiting debris and a large satellite
such as the Shuttle or Space Station has been studied, based on the ephemeris of tracked
debris maintained by AFSPC (Reference 3).  This work estimated that collisions would
occur every 1980 years in a 28.5 degree inclination orbit at a 400 km. altitude.  The
probability of a deorbiting object causing human injury has also been studied (Reference
4).  It was concluded that injury from a deorbiting satellite had a Daily Casualty
Expectation (DCE) of 0.16 x 10-4, while the same figure for injury from a booster (during
launch or ascent) was 0.2 x 10-5 to 0.9 x 10-4.  In medical and toxicological risk
assessments, a probability of 10-6 is often considered the break point between what is and
what is not socially acceptable.  Hence, this level of risk may be sufficient to warrant
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concern and prompt action.  Studies are currently in progress to quantify the effects of the
third phenomenon - particulate deposit from reentering debris.

4.0  ENVIRONMENTAL CONSEQUENCES AND MITIGATION

The impacts from the launch vehicle and its operations are not discussed here,
since they are discussed in detail in section 4 of references (1) and (2).  The only impact
discussed in detail in the space element is Space Debris.

Space Debris

The ARGOS spacecraft consists of a single spacecraft body, which will not
deploy any separate hardware but remain intact.  It is mated to the launch vehicle Payload
Attach Fitting by four explosive nuts.  A secondary latch system retains the spacecraft
immediately after the nuts have been fired for about 30 seconds.  The four secondary
latches are held closed by a single cable which is severed by an explosive charge, thus
opening the four latches simultaneously.  After latch opening, the Delta vehicle backs
away from the spacecraft by firing helium retrothrusters on the Delta 2nd stage.  All
elements of this separation system (bolts, nut, latches etc.) are retained with either the
spacecraft or the Delta launch vehicle (Reference 5).

The ARGOS spacecraft is intended to perform its mission for one year and then
be shut down.  The reentry of the 2nd stage and spacecraft could contribute to particulate
matter (mostly aluminum oxide) in the stratospheric ozone region.  This has become a
concern recently as a potential contributor to ozone depletion (Reference 7).  However, as
stated, research is in progress to define such effects and whether or not they represent an
environmental impact.  In the meanwhile, no mitigation technology exists to prevent such
deposition.

In summary, steps have been taken in the spacecraft and launch vehicle design to
minimize the number of pieces of hardware and debris released by the launch.  Other
debris considerations from eventual reentry and impact of large or high density pieces, as
well as the introduction of particulate matter into the stratosphere have not been
precluded but are beyond current technology to mitigate.
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7.0  LIST OF PREPARERS

This chapter provides the names and qualification of staff members who were
primarily responsible for preparation of this EA.

Name Professional discipline Experience Document 
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7.1  Aerospace Corporation

Norman R. Keegan Chemistry/Environmental 6 yrs Environmental Main Writer
Science Management and 41

Aerospace

Dr. Valerie I. Lang Chemistry/Environmental 12 Environmental Technical 
Science Science Review

7.2  US Air Force

Thomas Huynh Environmental Management 1.5 yrs Environ- Support
mental Management Writer

Dan Pilson Environmental Management 12 yrs Environ- Technical
mental Management Review
and 5 yrs Consulting

John Edwards Environmental Management 20 yrs Environ- Technical
mental Management Review
and NEPA Analysis
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APPENDIX A
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Request for Environmental Impact Analysis
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APPENDIX B
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