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Since the printing of the document entitled NASA Final Supplemental Environmental
Impact Statement for Sounding Rocket Program - 1998, the Sounding Rocket Program
Handbook dated June 1, 1999 has been issued electronically and has replaced the
Sounding Rocket User's Handbook (Bibliography #86).

All other information and analysis presented in the 1998 Final Supplemental
Environmenta Impact Statement for Sounding Rocket Program remains current and
accurate as of this date.
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ABSTRACT:

This Supplemental Environmental Impact Statement (SEIS) was prepared for the National
Aeronautics and Space Administration (NASA) Sounding Rocket Program (SRP) to update the
Final Environmental Impact Statement (FEIS) for the SRP published by NASA in July 1973.
The NASA SRP supports space and Earth sciences research sponsored by NASA and other users
by providing suborbital vehicles for deployment of scientific payloads. The Proposed Action of
this SEIS is to continue SRP activity in the present form and at the current level of effort. The
Proposed Action does not contemplate any significant change in programmatic scope, or Site-
specific elements of the program. Consequently, no change in current environmental,
economical, or social impacts are anticipated from the continuation of the Sounding Rocket
Program.

The SEIS presented here reflects programmatic changes in the NASA SRP that took place
since 1973 by deleting launch vehicles that are no longer used, adding new launch vehicles and
systems currently being used, and ensuring that the statement reflects changes in statutes and
regulations pertaining to environmental issues. The programmatic impacts of the SRP are
addressed on a global scale, while the current environmental issues at three principal domestic
sounding rocket launch sites: Wallops Flight Facility (WFF) in Wallops Island, Virginia; Poker
Flat Research Range (PFRR) in Fairbanks, Alaska; and White Sands Missile Range (WSMR) in
White Sands, New Mexico are addressed in a site-specific manner.
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LIST OF ABBREVIATIONSAND ACRONYMS

Abbreviation
A angstrom(s), astrophysics
AAP aurora accel eration phenomena
ACS attitude control system
AK Alaska
Al aluminum
Am americium
AML Astro Met Laboratories
AN ammonium nitrate
ANFO ammonium nitrate/fuel oil explosion
AP ammonium perchlorate
ARAB Rocket Assembly Building A
ARC Atlantic Research Corporation
ASSI airglow solar spectrometer instrument
B boron
Ba barium
BBVB Black Brant VB
BBVC Black Brant VC
BLM Bureau of Land Management
C carbon
Ca calcium
CAA Clean Air Act
CAAA Clean Air Act and its Amendments
CAL calibration
Cd cadmium
CEQ Council on Environmental Quality
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CF,Br bromo-trifluoro-methane (fluid)
CFC chlorofluoro-carbons
CFR Code of Federa Regulations
Cl chlorine
Cm curium
Co cobalt
Co, carbon dioxide
CPIA Chemical Propulsion Information Agency
Cu copper
CuO copper oxide
D distance(s)
dBA decibels (aweighted sound level)
DOD Department of Defense
E Earth sciences, endangered
EA Environmental Assessment(s)
EIS Environmental Impact Statement(s)
EM electromagnetic
EOS Earth orbiting satellite
EPA Environmental Protection Agency
ERD Environmental Resources Document(s)
ES electrostatic shocks
ESA European Space Agency
estd. estimated
EUV extreme ultraviolet
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Abbreviation

FB

Fe
FEIS
FR

Ft

FY
GRN
GSFC

HANLC
HFEF
HMTA
HMX
HSWA
IR
ISCST

km
kNm
kPa
KWAJ
LC

Li

LVI
Mg
MISTI
mm
MRP
MS
md

NACA
NASA
NC

Nd
NEPA
NG
Ni(CO),
No.

NO

X

NWR
ORSA
OSHA
OSSA
P-T

PCAD

PFRR
PGI CAL
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LIST OF ABBREVIATIONS AND ACRONYMS (Continued)

Fairbanks, Alaska

iron

Final Environmental Impact Statement
Federal Register

Fort

fiscal year

Sondre Stromfjord, Greenland

Goddard Space Flight Center

hydrogen

high altitude noctilucent clouds

high frequency el ectron flux

Hazardous Materia Transportation Act
cyclotetramethylene tetranitramine
Hazardous and Solid Waste Act

infrared

Industrial Source Complex - Short Term
kilogram(s)

kilometer(s)

kilo-Newton-meters

kilopascal (s)

Kwajaein, Marshall Islands

launch complex(es)

lithium

launch vehicle impact

magnesium

mesospheric ionization structure and turbulence investigation
millimeter(s)

Meteorological Rocket Program

mass spectrometer

mean sea level

nitrogen

National Advisory Committee for Aeronautics
National Aeronautics and Space Administration
nitrocellulose

neodymium

National Environmental Policy Act
nitroglycerine

nickel carbonyl

number

oxides of nitrogen

National Wildlife Refuge

Ogive recovery system assembly

Occupational Safety and Health Administration
Office of Space Science and Applications
pressure-temperature

lead

Products of Combustion/Atmospheric Dispersion
Poker Flat Research Range

Penning Gas Imager proportional counter calibration
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Abbreviation
pH

PE
PMSE
PR

psi

QE
RCRA
REDAIR
RS

S

ST

S

Sa

SDIO
SEC, sec
SEIS

SF

SP
SPH

SRP
STS

TAD
TEA
Ti
TiB,
TLV
TMA
TR
TSCA

u.S.
UAF
UAR
UARS
usC
USFWS
uv
uv-B
VA

Ve
WFF
WI
WPC
WSMR
w/
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the negative logarithm of the effective hydrogen ion concentration in gram equivalents
per liter, used in expressing both acidity and alkalinity
payload effect

polar mesospheric summer echoes

Camp Tortuguero, Puerto Rico

pounds per square inch

guadrant elevation or launch angle

Resource Conservation and Recovery Act

rel ease experiments to derive airglow inducing reactions
radioactive source

sulfur

stratosphere - troposphere

startle of nesting species

samarium

Strategic Defense Initiative Organization

second(s)

Supplemental Environmental Impact Statement

sulfur hexafluoride (gas)

stratospheric o0zone

Space Physics

-sphere

strontium

Sounding Rocket Program
Solar System Exploration
Space Transportation System (Space Shuttle)
threatened

throwaway detector

triethyl aluminum

titanium

titanium diboride

threshold limit values
trimethyl aluminum

test rocket

Toxic Substances Control Act
maximum thrust

United States

University of Alaska at Fairbanks
upper atmosphere research

upper atmosphere research satellite
United States Code

United States Fish and Wildlife Service
ultraviolet

ultraviolet-B

Virginia

exit plane velocity

Wallops Flight Facility

Wallops Island, Virginia
wave-particle correlations

White Sands Missile Range

with

sigma, absolute dispersion
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GLOSSARY OF TECHNICAL TERMS

Term

APOGEE

ATTITUDE CONTROL SYSTEM

BALLISTIC

CRITICAL HABITAT

DIFFUSION

DIFFUSION MODEL

DISPERSION

EMISSION

ENDANGERED

Definition

highest point or apex in a suborbital trajectory followed by a launch
vehicle before reversing direction and returning to Earth.

an arrangement of controlled jets of compressed fluids or gases attached
to space abjects, such as optical instruments, to align them accurately
on celestial bodies by use of reactive forces.

path of an aeria projectile with an initial velocity under the action of
gravity and air resistance, with no on-board propulsion; e.g., path of a
spent rocket after burnout.

(1) specific areas within the geographical area occupied by a species at
the time it is listed (as endangered or threatened) on which are found
those physical or biologica features (a) essentia to the conservation of
the species and (b) which may require specia management
considerations or protection; and (2) specific areas outside the
geographical area occupied by a species at the time it is listed, upon a
determination that such areas are essential for the conservation of the
Species.

spreading of emitted matter into the atmosphere from a stationary or
moving source, determined by physical and chemical properties of the
emission and by site specific conditions, such as altitude, wind, and
weather.

a method of calculating parameters of diffusion, such as concentrations
of emitted substances, over geographical areas of interest with time, for
comparison with allowable exposure limits.

deviation of actual impact range of a spent rocket from the predicted
location, usually broken down into downrange and crossrange
components.

addition to the atmosphere of foreign matter from stationary or moving
sources, e.g. rocket exhaust from a sounding rocket in its trajectory, or
from a stationary rocket firing.

any species that isin danger of extinction throughout all or a significant
portion of its range.

GLOBAL WARMING, GREENHOUSE EFFECT

NASA SRP FSEIS

the effect of an increase of carbon dioxide and other gases in the
atmosphere which act like glass in a greenhouse which is penetrated by
sunlight but traps some of the solar heat which otherwise would be
radiated back to space.
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GLOSSARY OF TECHNICAL TERMS (Continued)
Term Definition

IMPACT RANGE horizontal distance along the Earth's surface from the launch point of
a launch vehicle to the landing point of the payload or a spent rocket.
Usually used to denote the maximum horizontal distance traveled by a
launch vehicle, i.e., the distance to the landing point of the payload or
spent final rocket stage.

IONOSPHERE atmospheric layer from about 80 km to beyond 1000 km (see p. 3-3).

LAUNCH VEHICLE a stacked assembly of one or more cylindrical rockets in series, topped
by a cylindrical payload and a nose cone. In the sounding rocket
application the payload consists of scientific instruments either
gathering in situ samples or making optical observations of terrestrial
(atmospheric), planetary, solar system or galactic targets.

MESOSPHERE atmospheric layer from about 50 km to about 80 km (see p. 3-3).

METEOROLOGICAL dealing with the Earth's atmosphere and its phenomena, and especially
with weather and weather forecasting.

MITIGATION in relation to environmental impacts this includes (1)avoiding the
impact atogether by not taking an action; (2)minimizing impacts by
limiting an action; (3) rectifying the impact by repairing or restoring the
affected environment; (4) reducing or eliminating the impact over time
by preservation/maintenance operations during the life of the action; (5)
compensating for the impact by replacing or providing substitute
resources or environments.

PROGRAMMATIC relating to the Sounding Rocket Program as a whole, uninfluenced by
the launch site, e.g., upper atmosphere impacts.

ROCKET EXHAUST the combustion or burning of a rocket converts the chemical
congtituents of the propellant at ambient temperature to high-
temperature gaseous (and some solid) compounds, collectively called
the rocket exhaust or exhaust gases, which flow out of the rocket exit
nozzle at supersonic speeds into the surrounding atmosphere.

SITE-SPECIFIC relating to a particular launch site, eg., impacts affected by
geographical location and local climate, fauna and flora.
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GLOSSARY OF TECHNICAL TERMS (Concluded)

Term

SOLID PROPELLANT

SOUNDING ROCKET

SPENT ROCKET

STRATOSPHERE

SUB-ORBITAL TRAJECTORY

THREATENED

TROPOSPHERE

WETLANDS

NASA SRP FSEIS

Definition

a cured mixture of powdered chemicals, including fuel and oxidizer
compounds, and an electrical igniter, formed into cylindrical shape and
inserted into the rocket casing. The proportions of the ingredients are
selected to provide a given thrust and burning time, but once ignition
takes place, the solid propellant combustion cannot be further
controlled.

a rocket-propelled suborbital launch vehicle equipped with a scientific
payload for making observations from the Earth's atmosphere. The
propulsion may be by a single rocket for low apogees or by multiple
rockets staged in series to attain higher apogees.

residual casing or shell of a solid propellant rocket after burnout when
the propellant has been exhausted and expelled as exhaust gases;
follows aballistic path to ground.

atmospheric layer from about 10 km to about 50 km (see p. 3-1).

flight path of typical sounding rocket, from surface launch up to apogee
and down to surface landing, along an arc of close to parabolic shape.

any species that is likely to become an endangered species within the
foreseeable future throughout all or a significant portion of its range.

atmospheric layer from surface to about 10 km (see p. 3-1).

land or areas, such as tida flats and swamps, which contain large
amounts of soil moisture.
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SUMMARY
THE PURPOSE

This Supplemental Environmental
Impact Statement (SEIS) was prepared for
the National Aeronautics and Space
Administration (NASA) Sounding Rocket
Program (SRP) in compliance with the
National Environmental Policy Act (NEPA)
as amended (42 USC 4321 et seq.), CEQ
regulations at 1502.9(c), and NASA policy
and regulations at 14 CFR 1216.3.

The purpose of this SEIS is to
update the Final Environmental
Impact Statement (FEIS) which
was prepared for the NASA SRP in
July 1973.

The SEIS presented here reflects
programmatic and site-specific changes in
the NASA SRP that have taken place since
1973 by deleting launch vehicles that are no
longer used, adding new launch vehicles and
systems currently being used, updating
changes in launch sites and ground support
activities.

THE NEED

The NASA SRP supports space and
Earth sciences research by providing
approximately 30 to 40 flight opportunities
per year to space scientists in the disciplines
of upper aimosphere, plasma physics, solar
physics, planetary atmospheres, galactic
astronomy, and high energy astrophysics.
The environmental studies dealing with
ozone depletion and global warming are
only a few examples of scientific programs
carried out by NASA for the protection of
planet Earth. Sounding rockets provide the
only means for in sSitu measurements at
altitudes between the maximum altitude of

NASA SRP FSEIS
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The NASA SRP is needed for
support of space and Earth sciences
research by providing suborbital
vehicles for deployment of scientific
payl oads.

balloons (about 50 kilometers or 30 miles)
and the minimum altitude for satellites
(about 160 kilometers or 100 miles). The
launch vehicles used by the NASA SRP for
deployment of scientific payloads have:

1. high reliability (96.9-percent vehicle
and 85.5-percent mission success
ratein thelast 10 years),

2. short mission lead time,

3. low cost,

4, mobility, and

5. payload recovery and reuse.
THE SCOPE

The scope of this SEIS covers the
programmatic and site-specific aspects of
the NASA SRP and the following related
activities: specia agreements for NASA
SRP support, i.e., reimbursable and other
Memorandum of Agreement Programs,
flight and static rocket testing; test rockets;
and standard NASA meteorologica and
ozonesonde rockets i.e., Super Loki and
Viper IlIA Darts, that utilize the same
rocket launch sites as those used by the
NASA SRP.

The programmatic elements of this
SEIS apply to the launching of NASA
sounding rockets on a worldwide basis,
including from launch sites in the United
States; from foreign sites in  Norway,
Sweden, and elsewhere; and from mobile
launch sites anywhere in the world. The site-
specific aspects of this SEIS apply to the
environmental impact issues a three
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principa domestic sounding rocket launch
sitess  Wallops Hlight Facility (WFF),
Eastern Shore of Virginia; Poker Flat
Research Range (PFRR), Alaska; and White
Sands Missle Range (WSMR), New
Mexico.

All SRP launches by NASA outside
the United States are conducted under terms
and conditions of a specific agreement with
the appropriate governmental counterpart
agency of the host country. Thus, all NASA
SRP launches outside the United States are
conducted with the prior knowledge and
approval of the host country.

The SRP activities at each NASA
facility are conducted in accordance
with laws, regulations, and policies
protecting environmental quality.

ALTERNATIVES

The mandate of NEPA calls for the
environmental impact of aternatives to be
considered, including the Proposed Action
and the No Action Alternative. Within the
scope of this SEIS, two types of aternatives
are possible: programmatic and site-
specific. Both were considered.

Programmatic Alternatives

Three types of programmatic
aternatives to the Proposed Action were
considered in this SEIS:

1. Alternatives to sounding rockets that
could accomplish the aims of Space
Science Exploration Program,

2. Sounding rockets with aternative
propel lants,

3. No Action aternative,
termination of the SRP.

eg.,

NASA SRP FSEIS
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Alternatives to Sounding Rockets

Alternatives to sounding rockets
consist of other ways in which scientists can
make observations and accomplish the aims
of their Space Science Exploration Program.
These may involve making observations
from:

the ground,

aircraft,

scientific balloons,

the Space Transportation System
(ST9),

satellites orbiting the Earth, and

deep space probes.

AwWDNPRE

o u

In the area of plasma physics, all
aternatives considered are unsuitable or
produce data of Ilower qudity as
demonstrated in Table 2-1.

The analysis carried out under this
SEIS disclosed that the SRP
occupies a unique position in a
battery of tools available for
scientific studiesin the near space.

It can be deduced from the nature of
scientific inquiry in other disciplines that
observations from the ground, aircraft, and
balloons result in a reduced quality of the
scientific data collected in some instances,
and total inability to conduct experiments in
other instances.

The use of the STS, satellites, and
space probes meet the program objectives in
some instances; however, such high
technology vehicles are not aways available
to the low-cost science projects, such as
those being supported by the SRP. Also
some of the SRP payloads are not allowed to
be flown on manned STSs. Furthermore, the
propulsion systems used to lift the STS,
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satellites, and space probes are considerably
larger and more complex than required by
the missions flown on sounding rockets.

Most of the alternatives to sounding
rockets that were considered in this
SEIS do not provide a practical and
satisfactory means for conducting
scientific research in the indicated
disciplines.

Alternative Propellants

The wuse of dternative solid
propellants was also considered under this
SEIS. The propellant systems currently used
by the NASA SRP are based either on an
ammonium perchlorate (AP)/auminum (Al)
combination, or a nitrocellulose
(NC)/nitroglycerin (NG) combination. The
emissions from the AP/Al propellant
combination include hydrogen chloride and
auminum oxide, and ae generaly
considered to be more environmentaly
damaging than emissions from the NC/NG
propellant combinations. Recently (1989),
NASA carried out an extensive operationa
and environmental evaluation of the
replacement propellants for the AP/Al
propellant combination. Severa aternatives
were considered and evaluated, including
ammonium nitrate (AN). It was determined
that AN propellant is low in performance

NASA SRP FSEIS

and would generate emissions of other
pollutants, such as nitrogen oxides and nitric
acid.Other propellants considered by NASA

Based on the considerations
described here, it appears that the
alternative of a less polluting
propellant substitution is not a
practical option at thistime.

included cyclotetramethylene tetranitramine
(HMX). This alternative was aso rejected
as impractical, because HMX is highly
explosive and is rated as a detonating
compound. The United States Air Force is
currently conducting research on innovative
clean-burning propellants, such as aluminum
hydrate, but such concepts in clean
propellants will not be available until the
next century.

Site-Specific Alternatives

Currently NASA uses three fully
equipped permanent sounding rocket launch
sitess WFF, PFRR, and WSMR. There are
no proposals at this time for construction of
additional permanent launch facilities for the
NASA SRP. Building of new and different
facilities would increase environmental
stress due to construction activities without
providing any known operationa or
environmental advantages.

The site-specific alternatives are
limited to the three existing launch
facilities (WFF, PFRR, and
WSMR), with only two options
available: to continue operations, or
to terminate operations.
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No Action Alternative: Termination of SRP

This dternative consists of the
cessation of the launching of the various
vehicles with their payloads from the three
principa launch sites or from any other
launch site. The impacts of SRP termination
on NASA's scientific programs and the three
principa launch sites would be negative.

PROPOSED ACTION

The Proposed Action of this SEIS

is to continue the SRP, a suborbital space
flight program supporting space and Earth
science activities sponsored by NASA. The
NASA SRP is a low-cost, quick response
activity employing 15 launch vehicle
systems, plus test and meteorological
rockets, as well as vehicles for supporting
studies on atmospheric ozone (ozonesonde
rockets).

The Proposed Action is to continue
SRP activity in the present form,
and at the current level of effort.
The Proposed Action does not
contemplate any significant change
from the current level of activity
either in programmatic scope, or in
the site-specific elements of the
program. Consequently, no
changes in current environmental,
economical, or social impacts are
anticipated from the Proposed
Action.

The NASA SRP makes a unique
contribution to the total research effort in the
Earth upper atmosphere and near-space by
providing an operational capability to

NASA SRP FSEIS
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measure, monitor, and manage
environmental  conditions and natura
resources from local to globa scale. The
NASA SRP provides a reatively
inexpensive approach to the partia
satisfaction of the fundamental need to
better understand, utilize, predict, and
control the life sustaining, and sometimes
hostile, environment. These activities are
being carried out by NASA successfully,
without any mishaps, or known substantial
adverse environmental impacts. During the
past 10 years, the level of NASA SRP
activity was fairly constant as illustrated in
Figure S-1. A similar level of activity is
projected for the future.

ENVIRONMENTAL CONSEQUENCES
Programmatic | mpacts

Programmatic impacts of the NASA
SRP include environmental impacts on the
Earth upper and lower atmosphere, as well
as impacts due to noise and landing and
recovery operations.

Upper Atmosphere

The highest dtitudes for SRP
emissions are in the hundreds of kilometers
where chemical releases from some payl oads
take place. At lower levels, there are
emissions from the exhausts of SRP upper
stage rockets and attitude control systems
(ACS). The releases of chemicals and ACS
fluid/gases in the upper atmosphere are
associated with scientific missions. The
emissions of rocket exhaust products are
associated with the operation of the launch
vehicles.
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FIGURE S-1

NASA SRP ACTIVITIES OVER PAST 10 YEARS

Number of Launches/Tons of Propellants

50

40

30

20

SRP Payload Chemical Releases

Analysis of the 10-year SRP activity
indicates that there were 31 flights with
mass of release varying from 5 to 272.2
kilograms per flight, with an average of
43.4 kilograms per flight. The 10-year total
mass of released chemicals was 1344.6
kilograms, for an annua average of 134.5
kilograms. The release of a given chemical
in the upper atmosphere is usualy made to
enhance a specific scientific observation.

NASA SRP FSEIS S5

M No. Launches
@Tons Propeliants

The quantities of chemicals
released and the negative impacts of
such releases are small and can be
best addressed in an operational
sense so as to preclude adverse
effects on the environment.
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SRP Rocket Exhaust Emissions

Typical upper stage rocket exhaust
emissions from the NASA SRP vehicles
include hydrogen chloride, aluminum oxide,
carbon monoxide, carbon dioxide, hydrogen,
water, trace metals, and small quantities of
other chemicals. The emissions of 13 of the
15 launch vehicles are essentially confined
to the stratosphere. Only Black Brant X and
X1l vehicles emit in the ionosphere. The
emissions occur as line sources aong
trajectory arcs.

The emission data, generated under
this SEIS, indicate that the SRP discharges
an average annual total of 19.1 metric tons
of emissions into the upper atmosphere
based on the 10-year total. Typicaly, the
average annua total hydrogen chloride
emission from the SRP into the stratosphere
is 3.7 metric tons, compared to stratospheric
per launch amounts of chlorine of 57 metric
tons for a single European Space Agency
(ESA) Ariane-5, or 32 metric tons for a
single Titan IV.

While the introduction of any
chemical, including water and
carbon dioxide, has some impact on
the chemistry of the upper
atmosphere, those that are
introduced by the SRP are in
relatively small quantities in the
stratosphere, and even smaller in
the ionosphere and can be
considered to be not substantial.

SRP Attitude Control Systems Emissions

For certain observations of deep
space phenomena, such as in gaactic
astronomy, it is necessary to align optical
instruments accurately with celestial bodies.
NASA SRP FSEIS
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For this reason, an ACS using directed jets
of fluids (freons) or compressed gases
(nitrogen, neon) to provide the needed
reactive forces is included in payloads
making such observations. All substances
used for this purpose, except the freons, are
permanent gases found naturaly in the
Earth's atmosphere. The freons contain
chlorine which is known to contribute to
ozone depletion in the stratosphere below 50
kilometers.

Since the ACS application is usually
at 50 kilometers or higher, and
above the ozone formation layer,
releases of freons do not create
adverse environmental impacts.

Effects on Sratospheric Ozone and Global
Warming

The effects of rocket exhausts on the
stratospheric  ozone (SO) have been
investigated in terms of local, regional, and
global effects.

The SRP uses relatively small
amounts of energy in the form of
propellants. Consequently, no
substantial global warming takes
place as a result of this program.
The quantity of chlorine released by
the SRP in the upper atmosphereis
very small and does not produce a
substantial impact on stratospheric
ozone.
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For the Titan Ill, actua
measurements of ozone loss were made in
the exhaust trail. At an 18-kilometer
atitude, only 13 minutes after launch, SO
was reduced by more than 40 percent below
background. However, after a few hours,
recovery to near background levels
occurred. Similarly, there was no ozone
reduction at Kennedy Space Center a few
hours after a Space Shuttle launch (see
Section 4.1.1.1.4). Currently annual carbon
dioxide emissions from Earth are in excess
of 24 billion tons (see Section 4.1.1.1.4).
The annual carbon dioxide emissions from
the SRP total less than 0.54 metric tons and
can be considered to be not substantial.

Lower Atmosphere

The lower atmosphere (below 10
kilometers) receives SRP launch vehicle
rocket exhaust emissions from all first
stages, plus many second stages, including
those in three- and four-stage launch
vehicles. The first, or launch, stage usually
contains more propellant than the second
stage, the second stage more than the third,
and so on. Thus, the lower atmosphere
receives most of the rocket exhaust
emissions from a given launch vehicle. The
emission data indicates that the SRP launch
vehicles discharge an average annual total of

189 metric tons, including hydrogen
chloride, auminum oxide, carbon
monoxide, and lead into the lower

atmosphere. On a global scale, this amount
in quantitative terms is very small, and is
not substantial (see Section 4.1.1.2.4).

Weather and ozone rockets and 70-
millimeter test rockets al emit smal
amounts of exhaust gasses into the lower
atmosphere, typically at atitudes less than 2
kilometers, e.g., into the atmospheric
boundary layer.
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The SRP generates relatively small
amounts of air emissions and no
substantial pollution effects in the
lower atmosphere

Impacts of Payloads with Radioactive
Sources

A smal fraction of al launches
includes sealed radioactive sources as part of
instruments in the payloads. The amounts of
radioactive materials used are minute and
they are used under close control of internal
NASA safety with approvals from a
Radiation Safety Committee. These
safeguards were proven effective during the
entire SRP program.

Noise Impacts

Noise generated by the suborbital
SRP flights can be grouped into launch
noise, flight noise, and landing noise. The
SRP flights follow ballistic traectories
modified by air resistance and, in particular,
by reentry into the denser lower atmosphere
which decelerates and heats the reentering
spent rockets and nonrecovered payl oads.

Unless humans or animals are in
the immediate vicinity of a landing
ballistic, spent rocket, or payload,
noiseisnot a problem.

Even so, the landing speeds of these
objects are supersonic, similar to those of
artillery shells and missiles which enter at
directions not far from the vertical. This
means that the sonic booms associated with
supersonic flight of aerodynamic bodies
flying horizontally or at small angles to the
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horizontal are absent in the SRP, including
the weather, ozone, and test rocket flights.
The highest sound levels for sounding
rockets (Taurus/Talos) are 113 dBA a 1
kilometer (0.6 miles), 97 dBA a 3
kilometers (2 miles), and 75 dBA a 11
kilometers (7 miles). The launch noise
persists for few seconds. The unprotected
public a 11 kilometers (6.8 miles) will be
exposed to a noise lower than a diesdl truck
which generates 85 dBA from 15 meters (50
feet) distance when travelling a 64
kilometers per hour (40 miles per hour).

Landing and Recovery Impacts

All metalic and other solid heavier-
than-air objects, which are propelled into the
atmosphere by the launch vehicles, land
back on Earth in more or less ballistic
trgectories. The objects include spent
rockets, payloads, nose cone doors, and
despin weights. In multistage SRP launch
vehicles, the first stage or launch rocket
invariably flies a very short trgectory
following a burn time of only afew seconds.
The impact ranges for the first stage of all
multistage vehicles are shown to be less than
1.5 kilometers (1 mile), with some as small
as 0.3 kilometer (0.2 miles). Spent rocket
impact weights are in the 270- to 800-
kilogram range.

The spent second stage in a three-
stage launch vehicle has an impact range
from 5 to 25 kilometers (3 to 15 miles),
varying with selected payload weight, launch
angle, and apogee. The spent rocket impact
weights are in the 270- to 800-kilogram
range. The impact ranges for the spent
weather, ozone, and 70-millimeter test
rockets, are from 2.8 to 5.5 kilometers (2 to
3 miles). These spent rocket impact weights
vary from 7 to 9 kilograms. The final stages
are usually lighter than the preceding stages,
so that impact weights are 140 kilograms or
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less, except for the Black Brant (268
kilograms) and Aries (739 kilograms).
When impact ranges in the hundreds of
kilometers or more are expected, terrestria
ranges are limited to vast uninhabited areas.
Normally, no recovery is attempted so,
without additional disturbance, the location
of the impact is eventually obliterated by
natural processes.

While spent rockets are usually not
recovered, most payloads are recovered for
data extraction, inspection, refurbishing and
prospective re-use. This is normally done by
first separating the payload from the find
stage and then deploying a parachute at
about a 6-kilometer altitude. As aresult, the
payload decelerates and floats down at arate
and in a direction determined by local wind
conditions. The payload is located by its
proximity to the final stage rocket and often
by radio signads emanating from the
payload. At WSMR an attempt is made to
recover all rocket debris.

Based on worldwide experience to
date, the landing impacts due to
SRP launches have been safely
minimized without incident.

From 1959 to the present time, over
2,600 launch vehicles have been flown in
the SRP. As evidence of the effectiveness
of the precautions observed, no casualties,
injuries, or property damage are known to
have resulted from the landing impacts of
the spent rockets, payloads, or fragments.

Site-Specific | mpacts

During the past 10 years, launch sites
used by the NASA SRP included WFF,
Virginia;, WSMR, New Mexico; PFRR,
Alaska;  Churchill Research  Range,
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Manitoba, Canada; Kiruna, Sweden;
Andoya, Norway; Kwaaden, Marshall
Isands, Woomera, Austraia; Alcantara,
Brazil; Sondre Stromfjord, Greenland;
Camp Tortuguero, Puerto Rico; and other
locations. This SEIS addresses site-specific
impactsonly at three permanent installations
inthe U.S.: WFF, WSMR, and PFRR.

Air Quality Impacts

Ground level concentrations of the
air pollutants resulting from the sounding
rocket launches have been estimated in the
1973 programmatic EIS. The caculations
were performed for the two critica air
pollutants. carbon monoxide and hydrogen
chloride under three atmospheric stability
criteriaz dightly unstable, stable, and
dightly stable. The results indicate that
estimated peak concentrations for hydrogen
chloride and carbon monoxide are well
below threshold limit values (TLV) within
100 meters downwind from the launch site.

No substantial atmospheric effects
were observed at ground level from
the firing of sounding rockets
because such firings are infrequent
and very short in duration.

More recently, supporting evidence
for earlier air emission modelling studies
was reported by the Balistic Missile
Defense Organization (BMDO), formally the
Strategic Defense Initiative Organization
(SDIO) in 1993 by modelling static firing of
the Minuteman Il Stage 1 and Stage 3 rocket
motors. The first stage of Minuteman Il
produces four times as much emissions as
the largest rocket motor in the SRP arsena -
the Aries. According to SDIO reporting for
the Minuteman Il Stage 1 and 3, the
maximum predicted concentrations of air
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contaminants from static testing are well
below suggested criteria for auminum
oxide, hydrogen chloride, carbon monoxide,
and nitrogen oxide. The stationary static
testing of a rocket motor used as a basis for
these calculations is the worst case scenario
in respect to ground level air emissions.

Payload Recovery and Reentry Safety

All NASA SRP missions are
required to contain both Ground and Flight
Safety Plans to minimize risk to human life,
property, and natural resources. All flights
are designed such that the impact or reentry
of any part of the launch vehicle over any
landmass, sea, or airspace will not produce a
casualty expectancy of greater than 10°
unless a Safety Analysis Report is prepared.
For details of landing and recovery impacts
and mitigation see Section 4.1.4.

Both impact and overflight criteria
are considered in the Flight Safety
Plans and, while risks cannot be
entirely eiminated, they are
reduced to an acceptable margin.

Waste Disposal

Hazardous waste disposal at WFF is
managed by NASA, a PFRR by the
University of Alaska, and a8 WSMR by the
U.S. Navy in accordance with regulations.

Aquatic and Terrestrial Ecology

Impacts to land, wetlands, and
floodplains of the WSMR stem from the
actual impact of launch vehicles and
payloads, and may result from recovery
efforts. Launch vehicle impacts occur
relatively close to the launch facilities. This
is evidenced by several launch vehicles
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found partially buried, nose down, a few
hundred meters from the launch facility.
Such impacts do not appear to affect the
surrounding habitat.

No impacts to identified cultural
resources are predicted as a result
of the SRP.

Based on historical record, the
impacts to the terrestrial and
aquatic ecology from SRP
operations are not substantial.

Noise associated with launch
activities may have a startle effect upon
the local fauna. Such noise, however, is of
infrequent occurrence, short duration (few
seconds), and moderate intensity.  No
adverse effects on loca resident fauna were
reported in the past.

Endangered and Threatened Species

Endangered and threatened species
are present at three principal SRP launching
sites in United States, WFF, PFRR, and
WSMR. Consultations with Federal and
State Fish and Wildlife Services, as well as
site operators reveded a number of
concerns regarding protection of these
species. These concerns are described in the
Appendix A and public comments to this
SEIS. Appropriate corrective actions were
taken by NASA WFF at Wallops Island in
cooperation with the U.S. Fish and Wildlife
Service (USFWS). Restrictions on activities
on the southern and northern parts of
Wallops Island during the piping plover
nesting season were implemented. In order
to protect the pupfish habitat a8 WSMR, the
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U.S. Navy, who is responsible for NASA
SRP operations at WSMR, instituted a series
of mitigation procedures. These mitigation
procedures are described in Appendix B.

Cultural Resources

In the event that previously
undiscovered  cultural  resources are
identified during the course of the SRP, no
further action that might effect the resources
will be taken until the requirements of 36
CFR Part 800 are satisfied.

Socioeconomic Effects

The NASA SRP activity contributes
approximately $87 million to the budget at
WFF, $8 million a WSMR, and an
estimated $1.5 million at PFRR.

The continuation of the SRP activity
will assure a future benéeficial
contribution to the local economy.

| mpacts of Program Termination

Termination of SRP activity will
result in the elimination of minor and
transient environmental impacts of the
sounding rocket launches. The reduction in
emissions of carbon dioxide, carbon
monoxide, auminum oxide, hydrogen
chloride, metals, and other chemicals will be
approximately 39 metric tons annually on a
worldwide basis. The overal reduction in
use of materials and energy due to
termination of SRP activity will be
proportional to the materials and energy
used in the production and operation of 20 to
30 automobiles (see Section 4.5).
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The overall programmatic and site-
specific effects of termination of the
SRP will be negative.

Termination of the sounding rocket
launches will aso result in a reduction or
elimination of a number of atmospheric
environmental research studies, including
some that are dealing with ozone depletion,
and greenhouse atmospheric effects, as well
as studies in plasma physics, ultraviolet and
X-ray astrophysics, solar physics, and
Earth's upper atmosphere. The termination
of the SRP will have an adverse impact on
local economies, especialy in the area of the
Eastern Shore of Virginia, where WFF
makes a substantial contribution to the local
economy.
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1.0 PURPOSE AND NEED

This Supplemental Environmental
Impact Statement (SEIS) was prepared for
the National Aeronautics and Space
Administration (NASA) Sounding Rocket
Program (SRP) in compliance with the
National Environmental Policy Act (NEPA)
as amended (42 USC 4321 et seq.), CEQ
regulations at 1502.9(c), and NASA policy
and procedures (14 CFR 1216.3.)

The purpose of this SEIS is to
update the Final Environmental
Impact Statement (FEIS) which
was prepared for the NASA SRP in
July 1973.

1.1 INTRODUCTION

The NASA SRPisalow-cost,
quick-response activity employing a total of
18 launch vehicles, including test,
meteorological, and ozonesonde (systems
used to study atmospheric and ozone
phenomena) rockets in support of scientific
exploration of the upper atmosphere and
near space. The program provides sounding
rockets which carry research payloads with
scientific instruments to atitudes ranging
from 50 kilometers (30 miles) to
approximately 1,500 kilometers (1,000
miles). The scientific payloads carried by
sounding rockets reach altitudes three to
four times higher than the Space Shuttle.
The experiment time ranges up to 20
minutes.

Scientific data are collected and
usually returned to Earth by telemetry links.
Payloads are recoverable by parachute.
Sounding rockets provide the only means for
in situ measurements at altitudes between
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the maximum altitude of balloons (about 50
kilometers or 30 miles) and the minimum
atitude for satellites (about 160 kilometers
or 100 miles). The launch vehicles used by
the NASA SRP for deployment of scientific
payloads have:

1 high reliability (96.9-percent vehicle
and 85.5-percent mission success
ratein thelast 10 years),

short mission lead time,

low cost,

mobility, and

payload recovery and reuse.

ahsrwnN

The NASA SRP supports space and
Earth sciences research sponsored
by NASA and other government
agencies by providing suborbital
vehicles for deployment of scientific
payl oads.

Currently, the program provides
approximately 30 flight opportunities per
year to space scientists in the disciplines of
upper atmosphere, plasma physics, solar
physics, planetary atmospheres, galactic
astronomy, and high energy astrophysics.

Typical examples of science studies
supported by SRP are:

Upper atmosphere: Cryogenic whole-air
sampler measurements in support of upper
atmospheric research satellite;

Plasma physics. Development of numerical
model of the dip equator electrodynamic
process and study of the electromagnetic
pulse from lightning and its interaction with
ionosphere;
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Solar physics: Study of solar activity and the
structure and plasma properties of coronal
loops and study of high spatial and spectral
resolution of ultra violet emissions of the
Sun;

Planetary atmospheres. Observation of the
Jupiter/Shoemaker Levy comet impact and
study of hydrogen in the interplanetary
medium;

Galactic astronomy: Study in ultra-violet
astronomy with the primary goa of
obtaining spatially resolved spectra of faint
extended emission line objects and hot stars;

High energy astrophysics. High resolution
X-ray spectroscopy of a bright mass transfer
binary (Cygnus X-1) and high resolution x-
ray spectroscopy in the vicinity of the north
polar spur and SCO-X-1.

The contributions of SRP to this
scientific endeavor include:

1 scientific instrument development
for future space flight missions,

2. payload development for space
missions,

3. proven testing ground for future
space instruments.

4, graduate student education, and

5. international involvement  and

cooperation in space.

The programmatic elements of this
SEIS apply to the launching of NASA
sounding rockets on a worldwide basis,
including launch sites in the United States;
at foreign sites from Norway, Sweden, and
elsewhere; and from mobile launch sites
anywhere in the world. The site-specific
aspects of this SEIS apply to the
environmental impact issues at three
principa domestic sounding rocket launch
stess  Wallops Flight Facility (WFF),
Eastern Shore of Virginia; Poker Flat
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Research Range (PFRR), Alaska; and White
Sands Missile Range (WSMR), New
Mexico. The site-specific aspects of this
SEIS do not apply to the mobile launch sites,
nor to the permanent launch sites abroad.

1.2 THE PURPOSE

The purpose of this SEIS is to update
the Environmental Impact Statement (EIS)
which was prepared for the NASA SRP in
July 1973 [57]*. The SEIS presented here
reflects programmatic and site-specific
changes in the NASA SRP that have taken
place since 1973 by deleting launch vehicles
that are no longer used, adding new launch
vehicles and systems currently being used,
updating changes in launch sites and ground
support activities.

1.3 THE NEED

The need for information about near
and far space is as old as the human race.
Astronomical studies were conducted in
antiquity, as they are today, in part to satisfy
curiosity about the physical environment,
and in pat to meet the very needs of
existence. In the second half of the 20th
century, the use of aerospace vehicles

These studies enlarge our pool of
general knowledge and are needed
for generation of data and
information on the nature and
dynamics of the gragile
environment so as to assure its
preservation today and @ for
generations as yet unborn.

™ Numbers in brackets correspond with
document numbers contained in the Bibliography.
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ranging from aircraft to space probes
became prevalent for observing properties
and phenomena of the Earth's atmosphere,
the solar system, and deep space.

The environmental studies dealing
with ozone depletion and global warming
are only a few examples of scientific
programs carried out by NASA for the
betterment of the Earth.

Presently, studies of near and far
gpace are being carried out in the United
States by NASA in space physics, astro-
physics, solar system exploration, and Earth
science and applications.

131 SPACEPHYSICS

Space physics are concerned with
cosmic and heliospheric plasma physics,
solar physics, mesospheric physics, and
thermospheric physics. Its goads are to
understand:

1 The Sun, as a star, and as the
dominant source of energy, plasma,
and energetic particles in the solar
system.

2. The interactions between the solar
wind and the solar system bodies,
including studies of the ionosphere,
mesosphere,  thermosphere, and
magnetosphere.

3. The nature of the heliosphere in its
steady state as well as dynamic
configuration.

4, The origin, acceeration, and
propagation of solar and galactic
cosmic rays.

To achieve these goas certain
requirements must be met. These require-
ments include:

1 access to unique altitude regimes,

such as the mesosphere (50 to 90

kilometers);
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2. observation of highly structured and
time-variable phenomena, such as
auroras in the ionosphere (above 90
kilometers);

3. specific geographica locations, e.g.,
where noctilucent clouds are present
or where unique ground- based
facilities are needed for experiments;
and

4, observation of suddenly occurring,
short-lived or transient phenomena,
such as solar flares, supernovas, or
magnetic storms.

1.3.2 ASTROPHYSICS

Astrophysics specializes in
contemporaneous observations across the
entire electromagnetic spectrum, collection
and analysis of world scientific community
data, and a continuing series of short-time
scale flight opportunities. This includes the
fields of galactic astronomy and high-energy
phenomena, including x-rays. The goals are
in cosmology, astronomy, and physics and
assist in providing answers to the following
guestions:

1. What was the origin of the universe?
What is its large-scae structure?
What will beits fate?

2. What is the origin of the galaxies,
stars, planets and life, and how do
they evolve?

3. What is the physics of matter under
the extreme conditions found in
astrophysical objects?

In galactic astronomy, various
ultraviolet related observations are made,
such as the study of ultraviolet spectra of
stars and ultraviolet cosmic background
radiation. At the same time, the field of
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spectroscopic instruments has been advanced
to improve the quality of these observations.
Diffuse x-ray background as determined by
sounding rocket payloads is used for
comparison with satellite observations.

133 SOLAR SYSTEM
EXPLORATION

Solar system exploration is devoted
to a better understanding of the solar system,
expressed through the following goals:

1. Origin and Evolution. To determine
the present nature of the solar system
and to search for other planetary
systems in various stages of
formation, to understand how the
solar system and its objects formed,
evolved and, in one case, produced
an environment that could sustain
life.

2. Comparative Planetology. To better
understand the planet Earth by
studying the processes governing
planetary development and under-
standing why the "terrestrial” planets
of the solar system are so different
from each other.

3. Pathfinders to Space. To establish
the scientific and technical data base
required for undertaking major
human endeavors in  space,
including near-Earth resources in
near-Earth and planetary surfaces.

Recent efforts have included a
variety of observations in support of Halley's
Comet research. Also, deep space missions
have been supported by making baseline
measurements of planetary or solar
parameters a the time of planetary
gpacecraft encounters. In this category were
measurements of sulfur dioxide in the
atmosphere of Venus to compare with
Pioneer-Venus data, and of solar extreme
ultraviolet flux to compare with Voyager
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data at the time of the Neptune encounter.
Also, spectrometer development was carried
out for ultraviolet airglow observations.

134 EARTH SCIENCE AND
APPLICATIONS

Earth science and applications deals
with the study of phenomena in the Earth's
atmosphere, oceans, on land, and within the
biosphere. Its stated goal is to obtain a
scientific understanding of the entire Earth
system on a global scale by describing how
its component parts and their interactions
have evolved, how they function, and how
they may be expected to continue to evolve
on al scaes. This involves the physical,
chemical, and biological processes that
operate to unify the Earth environment as a
whole system. Global models will be tested
against long-term data sets for validation.

14 THE SCOPE AND

ORGANIZATION

This SEIS is organized into three
principal parts: programmatic, site-specific,
and analytic.

The programmatic part (Chapter 2.0)
describes the propulsion systems used to
support science research in the atmosphere
and near-space and their alternatives. The
site-specific part (Chapter 3.0) of this SEIS
provides a description of the rocket launch
sites and support facilities at WFF, PFRR,
and WSMR. This part of the SEIS also
addresses the environmental, cultural, and
socioeconomical character of each site, as
well as the atmospheric aspects of the
environment impacted by this program.
Chapter 4.0 of this SEIS addresses the
environmental impacts of the programmatic
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aspects of the NASA SRP and its
aternatives on a globa scae and the site-
specific environmental impacts a each
major rocket launch sitein the United States.
Commitment of resources in support of this
activity, effects on minority and low-income
communities, and appropriate mitigation
measures are also discussed in this part.

This SEIS presents new SRP
programmatic and site-specific
information and a review, analysis,
and summary of all available
pertinent and applicable data.

1.5 SOURCESOF INFORMATION

The information and data related to
the site-specific environmental issues at
WFF, PFRR, and WSMR comprise
documents which were devel oped in support
of NASA, Army, Navy, Air Force, range
user's handbooks and a number of site-
specific EA's and EIS's, commercia launch
vehicles and missions. A number of
additional general references related to this
SEIS were also considered in preparation of
this document (See Section 6.0,
Bibliography).

The information used in preparation
of the Draft SEIS for NASA SRP was
enhanced in the Fina SEIS by additional
data which recently became available.

Programmatic information and data
were provided by Mr. William B. Johnson,
NASA GSFCWFF for NASA SRP
operations in FY's 93, 94, and 95. This
information was used in updating the
programmatic part of the report [34].
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Site-specific information for Wallops
Flight Facility (WFF) was updated and
enhanced using the latest site-specific

information from the Environmental
Resources Document, NASA Goddard
Space Flight Center, Walops Flight

Facility, Wallops Island, Virginia 23337,
published in August 1994 [54] and
correspondence from the Department of
Environmental Quality, Commonwealth of
Virginiadated June 12, 1995.

Site-gpecific information for White
Sands Missile Range (WSMR) was re-
written using information from the draft
White Sands Missile Range Range-wide
Environmental Impact Statement published
by the White Sands Missile Range, New
Mexico, Directorate of Environment and
Safety, Environmental Services Division,
WSMR, New Mexico 88002 in June 1994
[144].

Site-gpecific information for Poker
Flat Research Range is based largely on
information contained in the Environmental
Assessment, I mprovement and
Modernization Program, Poker Flat
Research Range, Fairbanks, Alaska 99775
published by Geophysica Institute,
University of Alaska, in April 1993 [25].

Specific details that form the basis of
this analysis can be found in the referenced
reports, and in a library of supporting
documents to this SEIS maintained at the
NASA Programs and Mission Management
Division, Code 830, WFF, Wallops Island,
Virginia 23337.
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20 ALTERNATIVES INCLUDING THE PROPOSED ACTION

This chapter describes the actions
which can implement the need for scientific
observations of space as set forth in Section
1.2. First, proven Alternatives (2.1) are
given. One of these is selected as the
Proposed Action (2.2), and its omission
becomes the No Action Alternative (2.3).

21 ALTERNATIVES

The location of space observing
instrumentation falls into two classes. The
Programmatic Alternatives (2.1.1) consist of
globa locations on and above the Earth's
surface on various aerospace vehicles each
having a unique altitude duration envelope.
The Site-Specific Alternatives (2.1.2) are
locations on the Earth's surface underlying
the programmatic ("vertical") locations, or
the sites from which observational aerospace
vehicles are launched.

211 PROGRAMMATIC

ALTERNATIVES

This subsection contains paragraphs
which describe the usefulness of eight
programmatic alternatives in obtaining data
for science disciplines. These paragraphs
are condensed into Table 2-1, which is a
matrix of seven alternatives by six scientific
disciplines. Information in this subsection
was obtained from interviews with NASA
Discipline Scientists:

1. Ultraviolet Astrophysics [142] *;
2. Galactic Astronomy (X-Ray
Astrophysics) [39];

! INumbers in brackets correspond with document
numbers contained in the Bibliography.
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3. Solar Physics [141];

4, Plasma Physics[21];

5. Planetary Atmospheres[12]; and
6. Earth Upper Atmosphere [40].
2111 Ground Observations

Here the duration is of any desired
length. In plasma physics, ground radar
observations have been made, but spatia
resolution is poor. However, the Earth's
upper amosphere has been observed
remotely from a global network of ground
stations for many vyears. Environmental
impacts are confined to ground level and are
minimal.

2112 Aircraft Observations

These are typicaly limited to
atitudes of 20 kilometers, with a duration of
hours, which can be extended by refueling.
Such observations are not useful In
astrophysics. They are of limited use for
solar physics, plasma physics, and planetary
atmospheres. However, in Situ observations
in the Earth's lower atmosphere may be
made in any location at any season for long
durations, which has many advantages.
Environmental impacts are principaly due
to operation of aircraft propulsion systems,
such as exhaust emissions and noise.

2.1.1.3 Balloon Observations

Scientific unmanned balloons can
ascend up to 40 kilometers for durations of
days to months. Balloon observations are of
limited use in solar physics and plasma
physics. Planetary atmospheres can be
observed in the high ultraviolet and in the
infrared.
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Chapter 2
Table 2-1
MATRIX OF ALTERNATIVES FOR NASA SCIENCE MISSIONS!
Foace Stience Disciplines
Ultraviolet
Alternative Astrophysics Solar Physics
(Altitude) (100A - 2000A X-Ray (Solar Atmosphere
- Duration - Range) ® Astrophysics Telescopy)
Ground No observations No x-rays; no Limited observations
(Okm) possiblein desired | observations possible; unsteady
- indefinite - range. possible. Images.
Aircraft No observations No X-rays; no Limited observations
(to 10 km) possiblein desired | observations possible; turbulence
- hours - range. possible. problems affect
visibility.
Balloon Marginal No x-rays,; no Improved but still
(to 40 km) observations observations limited observations
- days‘/months - | possible. possible. possible.
Suborbital Observationsin X-rays above 160 Above 80 km good
Sounding Rocket | desired range. km; observationsin | observation for short-
(to 1,500 km) 160 km plusrange. | term events.
- minutes -
STS Observationsin Observationsin Everything isvisible
(250 km/400 km) | desired range. orbit. with human attention;
- days/months - but, limited time for
long-term events.
Satellite Observationsin Observationsin Everything isvisible for
(500 km/ desired range. orbit. long-term; but, no
15,000 km) human attention.
- months/years -
Space Probe Closest Closest Closest observations
(Planets/Galaxy) | observations observations possible.
- years - possible. possible.
1 km=kilometers
2 STS = Space Transportation System (Space Shuttle)
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EM = electromagnetic

Chapter 2 Alternatives
Table 2-1 (Concluded)
MATRIX OF ALTERNATIVES FOR NASA SCIENCE MISSIONS
Foace Stience Disciplines
Planetary Earth
Alternatives Atmospheres Upper Atmosphere
(Altitude) Plasma Physics (Whole EM (Stratosperic
- Duration - (Multiple Targets) Spectrum) 2 Ozone) *
Ground Observations by UV - Limited Remote observations
(Okm) radar; but, poor IR - Limited from global station
- indefinite - spatial resolution. network over many
years.
Aircraft Mobile radar UV - Limited In situ observations up
(to 10 km) observations; but, | IR - Limited to 20 kmin any location
- hours - power limited. at any time; many
advantages.
Balloon Limited to low UV - Only above | Insitu observations by
(to 40 km) altitude; poor 2700A multiple instruments,
- days/months- | resolution. IR - good (ozone) | limited locations and
Seasons.
Suborbital Good in situ Good spectrd In situ NOyand P-T
Sounding Rocket | observationsover | range. observations, but
(to 1,500 km) 60 to 1,000 km; limited locations and
- minutes - good coordination flight time.
with ground.”
STS Limited to high Good spectral Remote data from
(250 km/400 km) | altitude; poor range. space for limited time;
- days/months- | coordiation with instruments recoverable.
ground.
Satellite Limited to high Spectral range Long-term remote data
(500 km/ atitude; poor better at higher from space globa
15,000 km) coordination with | altitude. sampling; no instrument
- months/years- | ground. recovery.
Space Probe Not useful for In situ planetary Not useful for earth
(Planets/Galaxy) | earth atmosphere. | sampling. atmosphere.
- years -

UV = ultraviolet

IR = infrared

Nox = oxides of nitrogen

P-T = pressure-temperature

Over half of the NASA SRP experiments are plasma physics (10-year data).

Multiple instruments can make in situ
observations in the Earth's atmosphere (such

NASA SRP FSEIS

as ozone), though locations and seasons are
l[imited. Environmental impacts are minimal,
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associated with non-recovery of balloons
after use.

2114 Observations from
Suborbital Sounding
Rocketswith State-of-the-

Art Solid Propellants

Sounding rockets carry an instrument
payload in the nose and, after ground launch
follow a parabolic trgectory, returning to
Earth some distance from the launch point.
By staging three or four rockets in series,
atitudes up to 1,500 kilometers can be
reached with associated flight durations up
to 20 minutes. Lower dltitudes (and
durations) can be explored with single- and
two-stage rockets. Continuous observations
can be made over the range of altitudes from
ground to apogee during the upleg and
downleg portions of the trgectory. The
instrument payload is usually recoverable by
parachute.

Sounding rockets can make
astrophysical ultraviolet observations in the
desired wavelength range. Above a 160-
kilometer atitude, they can make X-ray
astronomical observations. Above a 80-
kilometer dtitude, they can observe short-
term solar physics events. Sounding rockets
are highly useful for in situ plasma physics
observations over the 60- to 1,000-
kilometer altitude range. A good spectrd
range can be obseved in planetary
aimospheres. In  the Earth's upper
atmosphere, in situ observations of oxides of
nitrogen and density variation can be made,
though in limited locations and over short
durations.

NASA SRP FSEIS
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Environmental impacts of sounding
rocket operation are associated with launch,
flight trgectory, and landing. At launch,
there are ground effects due to the first stage
rocket takeoff, from exhaust emissions and
noise. During the flight trgectory at the
higher altitudes, there are exhaust emissions
from the upper rocket stages, as well as
releases into the atmosphere of launch
vehicle hardware components, payload
chemicals, and attitude control fluids.
Landing impacts include dispersion of spent
rockets, unrecovered payloads, and noise.
The solid propellant systems currently used
by the NASA SRP are based either on an
ammonium perchlorate (AP)/ duminum (Al)
combination, or a nitrocellulose
(NC)/nitroglycerin ~ (NG)  combination.
Super Arcas;, Orion; Black Brant V, VC,
and VB; Tomahawk; Malemute; Aries;
Nihka;, Super Loki; and Viper IlIA are
based on the AP/Al propellant combination,
while the Nike, Taurus, Terrier, Taos, and
70-Millimeter Test Rocket are based on the
NC/NG propellant combination.

2.1.15 Observations from
Suborbital Sounding
Rocketswith Alternative
Solid Propellants
The use of dternative solid

propellants was also considered under this
SEIS. The propellants currently used by the
NASA SRP are either of the variety that
contains an ammonium perchlorate (AP)
oxidizer with an auminum (Al) fuel in a
binder matrix (usually referred as composite
propellant), or a nitrocellulose
(NC)/nitroglycerine  (NG)  combination
(usually referred to as a double-base
propellant). There are, of course, some
variations in the actual constituents of these
propellant types. The most significant
variation usually occursin the Al content.
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Composite  propellants may  contain
anywhere from 0% to 20% Al content.
Similarly, double-base propellants may
sometimes contain Al (the primary example
isthe Terrier Mk 12).

Emissions from composite
propellants include hydrochloric acid and
aluminum oxide, and are considered to be
more harmful to the environment than
emissions from double-base propellants. In
1989, NASA conducted an extensive
operational and environmental evaluation of
possible replacements for the composite
propellants  [55]. The aternatives
considered and evaluated were propellants
based on ammonium nitrate (AN) and
cyclotetramethylene tetranitramine (HMX).
This study determined that AN propellants
are low in performance and would generate
harmful emissions. The NASA study also
rejected HMX propellants because HMX is
a detonable substance, and therefore poses a
safety concern.

HMX is aso a constituent of
composite-modified double-base (CMDB)
propellants -- this formulation is most often
represented  as: AP-HMX/NC-NG/AI.
CMDB propéellants are currently employed
on both Air Force (Minuteman) and Navy
(Trident and Poseidon) strategic missile
rocket motors. As these CMDB rocket
become surplused by the Services, it is
feasible that these motors may be acquired
and utilized by the NASA SRP.

The Air Force is currently
conducting research on innovative clean-
burning propellants, such as auminum
hydrate, but propellant formulations based
upon this research are not likely to be
available until the next century [125].

2116 Space Shuttle (STS)

Observations

Here observations may be made
during ascent to orbit, in Earth's orbit at

NASA SRP FSEIS

2-5

atitudes in the 250- to 400-kilometer range
for days or weeks, and during descent to
Earth. For most of the time, human
attention can be devoted to any experiments
as needed, and the instruments are
recoverable. The observations are confined
to aparticular orbit for agiven flight.

From the Space Shuttle, both
ultraviolet and X-ray astrophysica
observations can be made Solar
atmosphere telescopy can be performed with
human guidance, but the duration may not
accommodate long-term events. Plasma
physics observations are limited to high
altitudes and coordination with the ground is
limited. A good range of planetary
atmosphere spectra is observable. Remote
observation of the Earth's upper atmosphere
is possible, and instruments are recoverable.
Environmental impacts are mainly due to
emissions from propulsion and attitude/orbit
control rockets and from the human
presence.
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2117 Satellite Observations

Unmanned satellites may be kept in
Earth's orbit at altitudes from 500 to over
15,000 kilometers for months or years.
Here, too, observations are confined to a
particular orbit, but without human attention
or instrument recovery. Astrophysica
gpectra can be observed, as with the STS.
Long-term observations of the solar
atmosphere are possible. Plasma physics
observations are limited to the orbit altitude,
and coordination with the ground is limited.
The spectral range for planetary atmosphere
observation is good and improves as orbit
atitude increases. Remote data on the
Earth's upper atmosphere can be recorded
for long periods of time, but without
instrument recovery. Environmental impacts
are due to emissions from propulsion and
attitude/orbit control rockets, plus out-
gassing from solid surfaces at the high vacua
encountered.

2118 Space Probe Observations

Space probes usually target a planet
in the solar system or even regions in the
vicinity of the Sun, and are programmed to
be on their way for years. This means that
they are best suited for observations of the
most remote objects, such as the stars
(astrophysical spectra) and the Sun (solar
atmosphere telescopy). They can sample
planetary atmospheres in sSitu  while
approaching their target planet. Space probes
are not suitable for upper atmosphere
observations during most of their trgectory
because of their increasing distance from
Earth. Environmental impacts are due to
emissions from propulsion and attitude/orbit
control rockets, and outgassing from solid
surfaces, as before.

NASA SRP FSEIS
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212 SITE-SPECIFIC
ALTERNATIVES

The first five Programmatic
Alternatives listed above are tied to specific
ground sites, for ground observations
(2.1.1.1), aircraft takeoff (2.1.1.2), balloon
launching (2.1.1.3), and rocket launching
(2.1.1.4 and 2.1.1.5). In contrast, the Space
Shuttle (2.1.1.6) and satellites (2.1.1.7) are
basically Earth orbiting instrument platforms
which can be launched from various sites
and dtill achieve the same orbit. The Space
Probe (2.1.1.8) can be launched from
various sites and also reach its distant
destination.

In all cases, the location in space,
date, and diurnal time of the desired
scientific observations determine the ground
site and date, time, and direction of launch
of the aerospace vehicle of the particular
Programmatic Alternative. For example,
observations of aurora are made at high
latitudes in winter, whereas observations of
terrestrial magnetism have been made near
the equator. Aircraft and baloons may be
launched from a multiplicity of airports and
launch pads close to the desired location of
the scientific observations.

Sounding rocket vehicles consist of
small rockets which move in suborbital
trgectories. They require launchers (e.g., of
the ral or tube type) and present some
environmental risks at takeoff. Therefore,
rocket launch sites and associated support
facilities of some complexity are needed.
These sites are permanent where repeated
launches take place year after year, but
temporary (and removable) for special or
limited use.

The orbital or escape vehicles

(Space Shuttle, satellites, space probes) are
very large and require extensive permanent
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launch facilities, especialy if a human crew
is involved. Only a few such facilities exist
globally.

2.2 PROPOSEDACTION

In this SEIS, the Proposed Action is
the continuation of current observations
from suborbital sounding rockets with state-
of-the-art propellants, as outlined above in
2.1.1.4 and paragraph 3 of 2.1.2.

Included in the Proposed Action are
these three current NASA programmatic
components:

1 The SRP which employs 15 launch
vehicles for various space scientific
missions (2.2.1);

2. The Meteorological Rocket Program
(MRP) which employs two launch
vehicles for weather and ozone
observations (2.2.2); and

3. The Test Rocket Program which
supports each SRP and
meteorological rocket flight by
preflight launches of one or two 70-
millimeter test rockets to act as
targets for checkout of ground radar
(2.2.3).

Also included in the Proposed Action
are three site-specific components in the
form of these permanent SRP launch
facilities in the United Statess WFF at
Wallops Idland, Virginia;, PFRR at
Fairbanks, Alaska, and WSMR a White
Sands, New Mexico (2.2.4).

Since individual Sounding Rocket
campaigns occur at a variety of other
worldwide locations with little frequency at
each one, and no long-term schedule, NASA
will prepare appropriate environmental
documentation for individual campaigns on
a case-by-case basis.

NASA SRP FSEIS
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221 SRP WITH STATE-OF-THE-
ART PROPELLANTS

Sounding rockets take their name
from the nautical term "to sound" which
means to take measurements. A sounding
rocket consists of a solid propellant rocket
motor and a scientific payload mounted
forward of it. The SRP sounding rockets
come in a variety of sizes, from the small
single-stage Super Arcas, less than 3 meters
high, to the four-stage Black Brant XII
which stands 20 meters high. Figure 2-1
shows the relative dimensions of al 15
current launch vehicle systems [86].

The payload section near the nose of
the last rocket stage carries the instruments
to conduct experiments and send data back
to Earth. Such studies are performed at
specified times and at varied geographic
locations and altitudes.

Sounding rockets are launched from
permanently established sites or temporary
launch ranges. Figure 2-2 [86] is a map of
the Earth, showing global SRP launch site
locations. Permanent sites include WFF in
Wallops Idland, Virginiay PFRR near
Fairbanks, Alaska; WSMR in White Sands,
New Mexico; Kwagaen Island, Marshal
Islands Republic; Esrange, Kiruna, Sweden;
and Norwegian Sounding Rocket Range,
Andoya, Norway. In the past some of the
temporary launch ranges were in Antarctica,
Austrdia, Brazil, Greenland, Peru, and
Puerto Rico.

Space physics, astrophysics, solar
system exploration, and Earth sciences,
assume scientific cognizance over aerospace
shells surrounding the Earth with increasing
distance from the Earth.

1998



MNASA = 15 37 30

VEHICLE
NUMBER

daPr.

(IXEN SOUNDING ROCKET LAUNCH VEHICLES

Lt 1 13

| T S (" S e Y e T R S i S

|

=

| I S ——
i

1)

OLACH DRANT XI

1
BARKT X1

- 10

21

31



SI3S4d d4S VSVYN

6-C

8661

SIS Youre] 1300y Bulpunos g-¢ 8inbi4

SOUNDING ROCKET LAUNCH SITES

Ft. Yukon RNy

Alaska 4& oON=S

’A

Andoya
Norway )

ondre Stromfjord
reenland

Poker Flat
A(I,n.lzl ' 1 AN
= El Arenoslilo
Walloliu Isisnd Spain
N Virginla
\
‘ Camp Tortuguero
27 *Puerto Rico
] R g
Natal K
Punta Lobos srezil
Peru JAlcantara U
Brazil

o
® Kergualen
Istand

¢ Siple Station
Antarctica

Woomera
Australla
’

v

Kwsjsiein
[

Z Reideyd

SoAlleu Bl



Chapter 2

Alternatives

Somewhat simplified, observations from
sounding rocket payloads are of two types:
(1) "optical,” scanning different parts of the
electromagnetic  spectrum  (ultraviolet,
visible, infrared, X-ray, etc); and (2)
testing of matter in situ, such as nitrous

oxide and ozone determinations by
physi cal-chemical-electronic-
magneticprobes or  detectors.  Optical

observations can be closeup (in situ) or long-
range (tens or hundreds of kilometers) or
intermediate between the two. The payloads
may be used in a number of ways. These are:

1 to carry optica scanning
instrumentation and/or  physical-
chemical-electromagnetic probes or
detectors and make appropriate

measurements,

2. to release specific chemicas over a
prescribed altitude range; or

3. to be simply atarget whose motion is

tracked by radar or telemetry for
meteorological data.

The launch sites may or may not
need to be specific. If the aurora boredlis is
observed, a northern latitude is needed, such
as a PFRR, Fairbanks, Alaska. If equatorial
phenomena must be observed, a site such as
Brazil or Peru is indicated. For middle
latitudes, Wallops Island, Virginia, or White
Sands, New Mexico, are indicated. The time
of day or the season of year frequently is
also afactor, and sometimes the "window of
opportunity” can be limited. Ability to
recover payloads may aso serve to define
the usable launch ranges.

Table 2-2 lists the 290 payloads
launched by the NASA SRP during the 10-
year period - fisca year (FY) 86 through
FY95 by discipline [76]. During this
period, the maority of the launches (148)
were devoted to plasma physics, followed by
upper atmosphere research (43), solar
physics (30), galactic astronomy (24),
planetary atmospheres (19), high energy

NASA SRP FSEIS
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astrophysics (14) and other (12). The 10-
year sounding rocket activity by location is
presented in Table 2-3, and by launch
vehicle type in Table 2-4 [76]. Comparing
permanent launch sites, about one-half of the
launches are from WSMR, followed by
WFF and PFRR. From Table 2-4, the trend
in recent years has been to use more
powerful launch vehicles in order to lift
heavier payloads, now averaging 270
kilograms, to atitudes from 50 to over
1,500 kilometers. Flight times, from ground
launch to surface impact, up to 20 minutes
have been achieved.

The success rates for the NASA SRP
during the last 10 years are presented in
Table 2-5 [76]. This table shows an average
vehicle success rate of 96.9 percent, and an
average experimental success rate of 85.5
percent. Since the SRP was started in 1959,
there have been 2,698 flights with an
experimental success rate over 86 percent
and a vehicle success rate of over 95
percent.

Here a vehicle success means that
the actual flight trgjectory was sufficiently
close to the planned trgectory for the
minimum  scientific  misson to be
accomplished. Experimental or mission
failure means that minimum success criteria
were not achieved, due to a vehicle failure,
experimental problems, or a combination.
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Table 2-2
10- YEAR SOUNDI NG ROCKET ACTI VI TY BY DI SCI PLI NE
FY86 THROUGH FY95?
Discipline Fiscal Year
1986 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 10-Year Total
Galactic Astronomy (A)? 4 1 3 2 6 2 2 1 1 2 24
High Energy Astrophysics (A) 2 0 4 1 1 2 1 2 0 1 14
Solar Physics (SR) 1 4 5 4 0 6 2 3 1 4 30
Plasma Physics (SP) 14 18 16 10 17 10 18 5 25 15 148
Upper Atmosphere (E) 9 5 3 4 1 2 7 8 2 2 43
Planetary Atmospheres (SS) 3 1 1 4 3 2 0 1 2 2 19
Other 0 0 1 0 2 1 2 0 2 4 12
All Disciplines 33 29 33 25 30 25 32 20 33 30 290
' [76]
2 Office of Space Science and Application Division
A = Astrophysics
E = Earth Sciences
SP = Space Physics
SR = Solar Physics
SS = Solar System Exploration
NASA SRP FSEIS 2-11 1998

1998



Chapter 2 Alternatives
Tabl e 2-3
10- YEAR SOUNDI NG ROCKET ACTI VI TY BY LOCATI ON
FY86 THROUGH FY95!
Location Fiscal Year
1986 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 10-Year Total

Walops Island, VA 6 7 5 2 4 1 5 1 5 2 38

White Sands, NM 14 8 10 12 12 13 13 16 9 17 124

Poker Flat, AK 8 2 3 2 7 3 6 3 8 7 49

Norway - Andoya 2 4 8 3 0 1 0 0 1 1 20

Sweden - Kiruna 3 0 1 2 0 7 0 0 0 0 13

Canada- Churchill 0 0 0 4 0 0 0 0 0 0 4

Kwajalein Island 0 0 0 0 7 0 0 0 0 0 7

Australia- Woomera 0 0 6 0 0 0 0 0 0 0 6

Greenland - Sondre Stromfjord 0 8 0 0 0 0 0 0 0 0 8

Brazil - Alcantara 0 0 0 0 0 0 0 0 10 3 13

Puerto Rico - Tortuguero 0 0 0 0 0 0 8 0 0 0 8

All Disciplines 33 29 33 25 30 25 32 20 33 30 290
' [76]
NASA SRP FSEIS 2-12 1998 1998
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10- YEAR SOUNDI NG ROCKET ACTI VI TY BY LAUNCH VEH CLE

Table 2-4

FY86 THROUGH FY95?!

Fiscal Launch Vehicle?
Y ear
12° 15 18 21 24 | 27| 29 30 31 33 34 35 36 38 39 40 | Annual Flights
1986 0 5 0 2 1 4 1 1 5 1 0 5 5 3 0 0 33
1987 0 4 1 0 0 5 2 2 1 3 1 1 6 3 0 0 29
1988 1 0 0 1 0 3 0 3 7 0 0 2 15 1 0 0 33
1989 0 0 0 4 0 2 1 0 2 2 0 5 9 0 0 0 25
1990 2 0 0 0 0 2 2 1 1 2 0 2 12 4 1 1 30
1991 1 3 0 3 1 1 0 0 4 0 0 0 11 0 0 1 25
1992 1 0 4 1 0 2 0 1 7 0 0 0 13 2 1 0 32
1993 0 0 0 0 1 1 0 0 8 0 0 1 7 0 0 2 20
1994 1 0 6 2 0 2 0 2 9 2 0 0 8 0 0 0 33
1995 1 0 1 2 0 1 0 2 5 1 0 2 15 0 0 0 30
10-Year 7 12 12 15 3 23 6 12 49 11 1 18 101 13 2 5 290
Total
L [76]

2 Current Vehicles: 15=Super Arcas, 18=Nike-Tomahawk, 21=Black Brant VB, 24=Aries, 27=Nike-Black Brant VB, 29=Terrier-Malemute, 30=Orion,
31=Nike-Orion, 33=Taurus-Orion, 34=Taurus-Tomahawk, 35=Black Brant |X, 36=Black Brant |1X; 38=Taurus-Nike-Tomahawk, 39=Black Brant XI,

40=Black Brant XII.
3 Generic number assigned to test vehicles.

NASA SRP FSEIS
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Table 2-5
M SSI ON SUCCESS RATES 10- YEAR ROCKET ACTIVITY
FY86 THROUGH FY95'
Fiscal Y ear Vehicle Experiment
Success Failure %Success Success Failure %Success
1986 31 2 93.9 28 5 84.8
1987 28 1 96.6 26 3 89.7
1988 33 0 100 31 2 93.9
1989 23 2 92.0 21 4 84.0
1990 30 0 100 25 5 83.3
1991 24 1 96.0 22 3 88.0
1992 32 0 100 31 1 96.9
1993 18 2 90.0 14 6 70.0
1994 32 1 97.0 25 8 75.8
1995 30 0 100 25 5 83.3
10-Y ear Total 281 9 96.9 248 42 85.5
L [76]

Thus, avehicle failure will awaysresult in a
mission failure, and the mission success rate
will aways lie a or below the vehicle
success rate.

This section contains a description of
the 15 launch vehicles. Each description
includes a typical trajectory with a payload
designed to achieve a specific mission. For
each launch vehicle, one flight was selected
from those carried out during FY 88 or later.

Each suborbital trajectory is close to
parabolic in shape, with the apogee and
impact range (distance aong the surface
from launch site to impact of last spent
rocket with or without payload) determined
by the launch weight of the rocket system,

NASA SRP FSEIS
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the payload weight, the thrust of the rocket
system, and the launch angle.  Higher
apogees are created by lower weights,
higher thrusts, and steeper launch angles.
Longer impact ranges are created by lower
weights, higher thrusts, and less steep
launch angles. Each mission is designed to
lift a given payload to a specific part of the
atmosphere. This is achieved by proper
selection of launch vehicle (thrust/weight)
and launch angle.

Of the 15 launch vehicles al but one
(the single-stage Aries) are unguided, i.e.,
their trgectory is precomputed, providing
the compass direction and elevation angle
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for "pointing" the vehicle at launch. A few
vehicles have an onboard S19 Boost
Guidance System for the first 10 to 18
seconds of flight, but no other in-flight
guidance. For "pointing,” the vehicle is
secured to 'launchers which are rigid rails,
tubes, or towers able to swivel and rotate
into the desired launch attitude. In contrast,
the Aries sits on a horizontal launch pedestal
or platform and after vertical launch has
built-in gimballed nozzles with an onboard
flight guidance and control system to cause
it to follow the desired tragjectory.

During the flight of a typica
three-stage rocket launch vehicle, some or
all of the following materials are gected into
the atmosphere:

1 Burned propellant (exhaust gases and
products of combustion) from the
first-, second-, and third-stage
rockets, mixing with the ar and
driven by the wind.

2. Spent rocket cases (mostly metallic)
from the first, second, and third
stages, in ballistic paths to ground
impact.

3. Other launch vehicle solids (such as
despin  weights, nose  cone,
instrument doors) at different points
in the trgjectory, tumbling to ground
impact.

4, Chemical releases from the scientific
payload, usually gaseous or liquid, in
the higher reaches of the trgectory,
mixing with the air and driven by the
wind.

5. Scientific payloads, either recovered

by  drogue/parachute or  not
recovered and alowed to follow the

NASA SRP FSEIS

trgjectory to ground impact.
6. Attitude control fluids or gases.

7. A release of residual propellants in
case of launch failure.

8. Outgassing of materials due to
ambient low pressure  and
aerodynamic heating.

If the flight is over water the stated
impacts will be to water rather than ground.
This means that heavier-than- water material
will sink if no recovery system is used,
while lighter- than-water material (or items
provided with floats) will float and may be
recovered later. The following pages
graphically illustrate the characteristics of
the 15 launch vehicles. Each vehicle
description contains a set of sheets with the
following information.

1. The subsection number, name, and
SRP numerical designation, e.g.,
2.2.1.1 Super Arcas (15).

2. An outline drawing of the launch
vehicle to scale, with rockets and
payload |abeled.

3. Trajectory drawings (one or more, as

needed for clarity) to scale with
ignition and burnout for each stage
and other important flight events

indicated.

4, The launch vehicle design block
containing launch weights,
propellant weights, and impact
weights, as wel as vehicle
dimensions.

5. The propellant composition with

names of chemicals for each solid
propellant rocket, as manufactured.
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The exhaust emissions showing the
weight of each chemical in the
burned propellant for each rocket,
and the altitudes and times in the
trgectory when released. Basicaly,
the type and amount of each
chemical species present in the
propellant combustion products are
computed from thermochemica
reaction theory and flow expansion
through the exit nozzle. Sampling of
the exhaust stream and thrust
measurements are used to confirm
the computation. In the present case,
the emission data were obtained from
the rocket manufacturers and the
standard  compilation by the
Chemical Propulsion Information
Agency (CPIA). The combustion
dissociates metallic compounds in
the raw propellant into the metallic
element, e.g., lead beta resorcylate
and lead sdlicylate into elementd
lead.

The missions and payloads block,
containing the number of flights with
this vehicle during FY86 through
FY95, estimated planned flights
during FY9, and a brief
statement of the scientific mission
purpose, including rel eases,
recovery, and impact.

Text summarizing salient
engineering features of the launch
vehicle and typical missions for
which it is used.

NASA SRP FSEIS
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2211 Super Arcas (15)

Since 1962, Super Arcas, a single stage, unguided
solid propellant rocket has been used for carrying
meteorological and other payloads weighing from 4 to 8
kilograms as high as 100 kilometers, with flight times of
about 5 minutes and an impact range of 60 kilometers. The
vehicle has a diameter of 0.114 meter and a total length
between 2.50 and 2.75 meters, of which about 0.75 meter is
taken up by the payload. During the last 10 years, 12 flights
have taken place.

The solid rocket propellant is a mix of ammonium
perchlorate, aluminum, and polyvinyl chloride and weighs
25 kilograms. The spent rocket has an impact weight of
125 kilograms. The rocket exhaust emissions are
principaly auminum oxide, carbon monoxide, and
hydrogen chloride. These compounds are emitted during
the rocket burning time of 38 seconds over the associated
atitude span from ground to some 20 kilometers. Usualy,
the experiment is housed in the nose cone. If recovery is
desired, the experiment is mated to a parachute assembly
with ground or air retrieval. [4, 36, 69, 86]
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2211 Super Arcas (15) (Concluded)
LAUNCH VEHI CLE DESI GN
Rocket Di anet er Length Tot al Propel | ant | npact
nmet er nmet er wt. kg wt. kg wt. kg
Super Arcas 0.114 1.925 37.5 25.0 12.5
Payl oad 0.114 0. 756 4.6 - 4.6
Launch 2.681 42. 1 25.0
SUPER ARCAS PROPELLANT COWPOSI TI ON
Ammoni um perchl orate Pol yvi nyl chl ori de
Al um num D octyl adipate
SUPER ARCAS EXHAUST EM SSI ONS, kil ogram
Compound 0-22 km 0-38 sec
Al um num oxi de 9.9
Car bon nonoxi de 6.5
Hydr ogen chl ori de 5.7
Ni t rogen 1.8
Hydr ogen 0.8
O her 0.3
Tot al 25.0
M SSI ONS AND PAYLQADS
No. of Flights FY 91 Payl oad Payl oad | mpact
M ssi on Rel eases Recovery Medi um
(Kiruna,
Sweden)
FY FY
86- 95 96
12 0 HANLC&PMSE None None Land
(estd by MISTI
)
HANLC = High Altitude Noctilucent Clouds
PMSE = Polar Mesospheric Summer Echoes
MISTI = Mesospheric lonization Structure and Turbulence Investigation
NASA SRP FSEIS 2-18 1998
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2212 Orion (30)

Orion is a single-stage, unguided, solid propellant
rocket system for lifting payloads to altitudes below 100
kilometers. Flight stability is achieved by three equidistant
fins a the rocket aft end. The vehicle can carry a 38-
kilogram payload to 88 kilometers, or a 68-kilogram
payload to 71 kilometers. Impact ranges vary from 25 to 50
kilometers. The rocket and payload diameter is 0.36 meter.
Vehicle length is 2.8 meters, to which a payload length
from 1.8 to 2.5 meters is added. During the last 10 years,
12 flights have taken place.

The Orion propellant weighs 278 kilograms and is
a mix of ammonium perchlorate, polyurethane, and
nitroguanadine with an aluminum additive. The rocket
exhaust emissions are mainly hydrogen chloride, water,
carbon monoxide, carbon dioxide, and aluminum oxide.
They occur during the 32.5-second burning time over the
altitude span from ground to about 25 kilometers.

Standard hardware includes a separable clamshell
nose cone. Separation systems can be provided to separate
the rocket from the payload. [4, 68, 86]
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Chapter 2 Alternatives
2.1.2 Orion (30) (Concluded)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Totd Propellant Impact
meter meter wt. kg wt. kg wt. kg
Orion 0.36 2.68 418 278 140
Payload 0.36/0.15 2.26 41 - *41
Launch 4.94 459 278 *Chute
Recovery
ORION PROPELLANT COMPOSITION
Ammonium Perchlorate Polyurethane
Aluminum Nitroguanadine
ORION EXHAUST EMISSIONS, kilogram
Compound 0-24.8 km; 0-32.5 sec
Aluminum oxide 31
Carbon monoxide 50
Carbon dioxide 44
Hydrogen chloride 64
Nitrogen 26
Hydrogen 4
Copper 1
Total 278
MISSIONS AND PAYLOADS
No. of Flights FY 91 Payload Payload Impact
Mission Releases Recovery Medium
(Fairbanks,
Alaska)
FY FY
86-95 96
12 0 Extend atmospheric None Yes - by|Land
(estd) | conductivity and electric parachute
field measurementsto
lower atitudes (70 to 30
km) simultaneous with
launch vehicle (33)
launch and measurements.

NASA SRP FSEIS
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Chapter 2 Alternatives

2213 Black Brant V (21)

Black Brant V ("five") is a single-stage, unguided,
solid propellant rocket. There is a three-fin version, VB,
and a four-fin version, VC. The vehicle can lift a 180-
kilogram payload to 290 kilometers, or a 450-kilogram M-
payload to 140 kilometers. Maximum payload weight is
570 kilograms. Hight times vary from 10 to 15 minutes,
and impact ranges from 80 to 200 kilometers. The Black 10
Brant V (BBV) diameter is 0.44 meter which is also the
maximum payload diameter. The total vehicle length is
between 10 and 11 meters, of which the payload is limited
to around 5 meters. During the last 10 years, 15 flights have
taken place. 8—

R

The BBV propellant weighs 997 kilograms and is of
the ammonium perchlorate/aluminum/plastic binder type /
with small amounts of carbon black, iron, and sulfur. The
rocket exhaust emissions consist mainly of auminum
oxide, carbon monoxide, hydrogen chloride, nitrogen, and
water. They occur during the 32.5-second burning time
over the dtitude span from ground to about 30 kilometers. 5
The spent rocket has an impact weight of 260 to 270
kilograms, varying with the number of fins. Standard
hardware available for BBV vehicles includes despin
systems and payload separation systems contained within
the igniter housing. 3]

%

T

AYLOAD

1

[ [ e

METERS

BLACK BRANT V

Also, al payloads may be recovered by the Ogive
Recovery System Assembly (ORSA) or aft recovery 2
systems. Most of these can be mounted (in a stack) at the
sametime. [4, 61, 86].
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2.2.1.3 Black Brant V (21) (Continued)
260
Trajectory
240 / ‘\14 minute flight
220
200 //ESPEETSEETX
271 kg PAYLOAD
180 f £
] \ g
8wl | \
g 120
5 / \
< 100 /
?{ SEPARATION \
8 v W
. [ \\
40 %BURNOUT \ SE
» 32.5 SEC @?‘ E 5
o “;;‘n;ou ................. .TMIIFm. o
0 20 40 60 80 100
RANGE, km
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Black Brant V 0.44 53 1265 997 268
Payload 0.44 5.3 271 - 271
Launch 10.6 1536 997
NASA SRP FSEIS 2-22 1998
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Alternatives

2213 Black Brant V (21) (Concluded)
BLACK BRANT V PROPELLANT COMPOSITION
Ammonium perchlorate Toluene di-isocyanate
Aluminum Carbon black
Polypropylene glycol Iron acetylacetate
Poly 1,4-butylene glycol Sulfur
N-phenyl-beta-naphthylamine Dioctylazelate
BLACK BRANT V EXHAUST EMISSIONS, kilogram
Compound 0-29.8 km; 0-32.5 sec
Aluminum oxide 357
Carbon monoxide 288
Hydrogen chloride 187
Nitrogen 76
Water 40
Hydrogen 30
Carbon Dioxide 14
Sulfur 1
Other 4
Total 997
MISSIONS AND PAYLOADS
FY 89 Payload Payload Impact
Mission Releases Recovery Medium
No. of Flights (White Sands,
New Mexico)
FY FY
86-95 96
15 1 EUV Solar irradi- | None Yes- by Land
(estd) | ancecadlibration drogue and
for ASS| parachute

EUV = Extreme Ultraviolet; ASSI = Airglow Solar Spectrometer Instrument

NASA SRP FSEIS
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Alternatives

2214 Nike-Orion (31)

Nike-Orion is a two-stage, unguided, solid
propellant rocket system with a Nike first stage and an
Orion second stage. The Nike has three equally spaced
fins, while the Orion has four fins in a cruciform
arrangement for flight stability. This vehicle carries a
68-kilogram payload to 190 kilometers, a 204-kilogram
payload to 90 kilometers, or a 350-kilogram payload to 60
kilometers. Impact ranges vary from 30 to 120 kilometers.
The Nike diameter is 0.42 meter, while the Orion and
payload have a 0.36-meter diameter. The vehicle length is
6.3 meters to which is added a payload length between 1.8
and 2.5 meters. During the last 10 years, 49 flights have
taken place.

The Nike propellant weighs 340 kilograms and is of
the nitrocellulose/ nitroglycerin family with small amounts
of carbon black, iron, and sulfur added. The rocket exhaust
emissions are mainly carbon monoxide, carbon dioxide,
water, and nitrogen. They occur during the 3.5- second
burning time over the atitude span from ground to about 15
kilometers. Nike impacts with a spent rocket weight of
276 kilograms about 0.3 kilometer from the launch pad.

The Orion propellant weighs 278 kilograms and is
a mix of ammonium perchlorate, polyurethane, and nitro-
guanadine with aluminum added. The rocket exhaust
emissions are mainly hydrogen chloride, water, carbon
monoxide, carbon dioxide, and auminum oxide. They
occur during the 32.5-second burning time which starts 6
seconds after Nike burnout, over the altitude span from 3.5
to 26 kilometers.

The spent rocket weight is 140 kilograms at final
impact.Standard hardware includes a separable clamshell
nose cone. Separation systems can be provided to
separate the payload from the second stage during ascent.
[4, 66, 86]
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2214 Nike-Orion (31) (Continued)
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Chapter 2 Alternatives
2214 Nike-Orion (31) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Nike 0.42 3.64 616 340 276
Orion 0.36 2.66 418 278 140
Payload 0.36/0.44 3.71 355 - 355
Launch 10.01 1389 618
PROPELLANT COMPOSITION
Nike Orion
Nitrocellulose Ammonium perchlorate
Nitroglycerin Polyurethane
Triacetin Nitroguanadine
2-Nitrodiphenylamine Aluminum
Diphenyl-amino-methyl substituted
phenols
Lead stearate
Graphite
EXHAUST EMISSIONS, kilogram
Nike Orion
Compound
0.2-1.1 km 3.3-25.7 km
0-3.5sec 9.0-41.6 sec
Carbon monoxide 182 50
Carbon dioxide 61 44
Water 44 58
Nitrogen 41 26
Hydrogen 6 4
Lead 6 -
Hydrogen chloride 64
Aluminum oxide - 31
Copper - 1
Total 340 278
NASA SRP FSEIS 2-26 1998
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Chapter 2
2214 Nike-Orion (31) (Concluded)
MISSIONS AND PAYLOADS
No. of Flights FY 91 Mission Payload Impact
(Fairbanks, Alaska) Recovery Medium
FY FY
86-95 96
49 2 Measure abundance of nitrous oxide, Yes- By Land
(estd) | carbon dioxide, and methane by taking Parachute
three cryrogenic collection chambers
in the 30 to 40 km range
2-27 1998
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2215 Nike-Tomahawk (18)

Nike-Tomahawk is a two-stage, unguided, solid
propellant rocket system with a Nike first stage and a
Tomahawk second stage. Each stage has four stabilizing
fins in cruciform arrangement at its aft end. This vehicle
can lift a 45-kilogram payload to 370 kilometers, or a 115- 15—
kilogram payload to 215 kilometers, with flight times to 10
minutes and an impact range of 150 to 300 kilometers. The -
Nike diameter is 0.42 meter, while the Tomahawk and
payload have a 0.23- meter diameter. The total vehicle
length is approximately 15 meters, of which the payload
takes up 1.8 to 3.0 meters depending on size and weight.
During the last 10 years, 12 flights have taken place.

I =

PAYLOAD

The Nike propellant weighs 340 kilograms and is of
the nitrocellulose/ nitroglycerin family with small amounts
of lead and graphite. The rocket exhaust emissions are
mainly carbon monoxide, carbon dioxide, water, and
nitrogen. They occur during the 3.5-second burning time
over the altitude span from ground to about 2 kilometers.
Nike impact is about 1 kilometer from the launch pad with
a spent rocket weight of 276 kilograms.

10—

TOMAHAWK

METERS

The Tomahawk propellant weighs 180 kilograms
and is a mix of ammonium perchlorate, polybutadiene, —
aluminum, and ferric oxide. The rocket exhaust emissions
are mainly aluminum oxide, carbon monoxide, hydrogen 5
chloride, and nitrogen. They occur during the 9-second
burning time over a typical atitude span of 7 to 20
kilometers. The spent rocket weight is 65 kilograms at final

=

impact. _ w
x
Standard hardware includes a separable clamshell =
nose cone and despin module. Separation systems can 7]
separate the payload from the Tomahawk during ascent. [4, .
67, 86, 9] m el K}] B
L
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2215

Nike-Tomahawk (18) (Continued)
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2215 Nike-Tomahawk (18) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Nike 0.42 3.68 616 340 276
Tomahawk 0.23 3.61 245 180 65
Payload 0.23 2.39 53 - *41
Launch 9.68 914 520 * After
release
PROPELLANT COMPOSITION
Nike Tomahawk
Nitrocellulose Ammonium perchlorate
Nitroglycerin Carboxyl terminated polybutadiene
Triacetin Aluminum
2-Nitrodiphenylamine Ferric oxide

phenols
Lead stearate
Graphite

Diphenyl-amino-methyl substituted

EXHAUST EMISSIONS, kilogram

Nike Tomahawk
Compound

0-1.6 km 6.8-19.5 km

0-3.5sec 12-21 sec
Carbon monoxide 182 45
Carbon Dioxide 61 2
Water 44 7
Nitrogen 41 14
Hydrogen 6 5
Lead 6 -
Hydrogen chloride - 36
Aluminum oxide - 69
Other - 2
Totd 340 180
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2215 Nike-Tomahawk (18) (Concluded)
MISSIONS AND PAYLOADS
No. of Flights FY 91 Mission Payload Payload | Impact
(Fairbanks, Alaska) Releases Reco- Media
very
FY FY
86-95 96
12 2 Study effect of post-midnight 12 kg liquid | None Land
(estd) | auroral activity on composition | TMA/TEA
and winds of the E-region mixture at
between 200 and 80 km. 212 kmon
downleg
TMA - Trimethyl aluminum (80%); TEA = Triethyl aluminum (20%)
NASA SRP FSEIS 2-31 1998
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2216 Taurus-Tomahawk (34)

Taurus-Tomahawk is a two-stage unguided, solid
propellant rocket system with a Taurus first stage and a
Tomahawk second stage. Each stage has four stabilizing
fins in cruciform arrangement at its aft end. This vehicle
can lift a 27-kilogram payload to 590 kilometers, or a 59-
kilogram payload to 490 kilometers. Impact ranges vary
from 250 to 400 kilometers. The Taurus diameter is 0.58
meter, while the Tomahawk and payload have a 0.23-meter
diameter. The vehicle is 7.8 meters long, to which is
added a payload length of 1.9 meters or less. During the
last 10 years, one flight has taken place.

The Taurus propellant weighs 754 kilograms and is
of the nitrocellulose/ nitroglycerin family with lead
compounds and graphite additives. The rocket exhaust
emissions are mainly carbon monoxide, carbon dioxide,
water, and nitrogen. They occur during the 3.5-second
burning time over the altitude span from ground to about 2
kilometers. Taurus impact is about 1 kilometer from the
launch pad, with a spent rocket weight of 606 kilograms.
The Tomahawk propellant is ignited 14.5 seconds after
Taurus burnout, weighs 180 kilograms and is a mix of
ammonium perchlorate, polybutadiene, auminum, and
ferric oxide. The rocket exhaust emissions are mainly
aluminum oxide, carbon monoxide, hydrogen chloride, and
nitrogen. They occur during the 9-second burning time
over atypical atitude span of 7 to 20 kilometers. The spent
rocket weight is 65 kilograms at final impact.

Standard hardware includes a separable clamshell
nose cone and despin module. Separation systems can
separate the payload from the Tomahawk during ascent. [4,
17, 35, 86, 99]
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2.2.1.6 Taurus-Tomahawk (34) (Continued)
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2216 Taurus-Tomahawk (34) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Taurus 0.58 4.60 1360 754 606
Tomahawk 0.23 3.61 248 180 68
Payload 0.23 151 49 - *38
Launch 9.72 1657 934 *After
release
PROPELLANT COMPOSITION
Taurus Tomahawk
Nitrocellulose Ammonium perchlorate
Nitroglycerin Carboxyl terminated polybutadiene
Triacetin Aluminum
2-Nitrodiphenylamine Ferric oxide
Lead betaresorcylate
Lead salicylate
Carbon black
EXHAUST EMISSIONS, kilogram
Taurus Tomahawk
Compound
0-2km 13.5-28 km
0-3.5sec 18-27 sec
Carbon monoxide 333 45
Carbon dioxide 175 2
Water 125 7
Nitrogen 102 14
Hydrogen 8 5
Lead 11
Hydrogen chloride - 36
Aluminum oxide - 69
Other - 2
Total 754 180
NASA SRP FSEIS 2-34 1998
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2216 Taurus-Tomahawk (34) (Concluded)
MISSIONS AND PAYLOADS
No. of Flights FY 85 Mission Payload Payload | Impact
(Sondre Stromfjord, Releases | Reco- Media
Greenland) very
FY FY
86-95 96
1 0 2 kg barium | None Water
(estd) at 250 km
and 9 kg
TMA over
180to
80 km
TMA = Trimethyl aluminum (80%); Triethyl aluminum (20%)
NASA SRP FSEIS 2-35 1998
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2217 Taurus-Orion (33)

Taurus-Orion is a two-stage, unguided, solid
propellant rocket system with a Taurus first stage and an
Orion second stage. Each stage has four equally spaced fins
for stability at its aft end. This vehicle can carry a
68-kilogram load to 260 kilometers, or a 227-kilogram ’27
payload to 140 kilometers, with flight times of
approximately 10 minutes and impact ranges from 60 to
150 kilometers. The Taurus diameter is 0.58 meter, while
the Orion and payload have a 0.36-meter diameter. The
total vehicle length is 11.5 meters, of which the payload 10—
occupies between 1.8 and 4.5 meters. During the last 10
years, 11 flights have taken place.

11—

The Taurus propellant weighs 754 kilograms and is
of the nitrocellulose/ nitroglycerin family with lead and 8
graphite as additives. The rocket exhaust emissions are
mainly carbon monoxide, carbon dioxide, water, and
nitrogen. They occur during the 3.5-second burning time 7
over the altitude span from ground to about 2 kilometers.
Taurus impact is about 1 kilometer from the launch pad
with a spent rocket weight of 606 kilograms.

The Orion propellant weighs 278 kilograms and is 5
a mix of ammonium perchlorate, polyurethane, and

nitroguanadine. The rocket exhaust emissions are mainly
hydrogen chloride, water, carbon monoxide, carbon 4
dioxide, and auminum oxide.  They occur during the
32.5-second burning time over atypical atitude span from
10 to 50 kilometers. The spent rocket weight is 140
kilograms at final impact.

[l PAYLOAD

METERS
-]
l
ORION

TAURUS

Standard hardware includes a separable clamshell
nose cone, a clamped interstage for improved stability for
vehicles with long payloads, and separation systems to
separate the payload from the Orion during ascent. E
[4, 35, 71, 86] o
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2.2.1.7 Taurus-Orion (33) (Continued)
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2.2.1.7 Taurus-Orion (33) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Taurus 0.58 4.46 1371 754 606
Orion 0.36 2.74 418 278 140
Payload 0.36 4.24 143 - 143
Launch 11.44 1932 1032
PROPELLANT COMPOSITION
Taurus Orion
Nitrocellulose Ammonium perchlorate
Nitroglycerin Polyurethane
Triacetin Aluminum
2-Nitrodiphenylamine Nitroguanadine
Lead betaresorcylate
Lead salicylate
Carbon black
EXHAUST EMISSIONS, kilogram
Taurus Orion
Compound

0-1.8 km 10-52 km

0-3.5sec 15.0-47.5 sec
Carbon monoxide 333 50
Carbon dioxide 175 44
Water 125 58
Nitrogen 102 26
Hydrogen 8 4
Lead 11 -
Hydrogen chloride - 64
Aluminum oxide - 31
Copper - 1
Total 754 278

NASA SRP FSEIS

2-38

1998



Chapter 2 Alternatives
2217 Taurus-Orion (33) (Concluded)
MISSIONS AND PAYLOADS
No. of Flights FY 88 Mission Payload Payload Impact
(Fairbanks, Alaska) Releases Reco- Media
very
FY FY
86-95 96
11 0 Measure UV spectrum None Yes- by Land
(estd) between 2100& 2500A as Para-
function of atitude; aso chute
obtain data on 2143A atomic
nitrogen line and molecular
nitrogen bands.
NASA SRP FSEIS 2-39 1998
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2218 Terrier-Malemute (29)

Terrier-Maemute is a two-stage high-performance,
unguided, solid propellant rocket system with a Terrier first
stage and a Maemute second stage. Each stage has four
stabilizing fins at its aft end. This vehicle is designed for
payloads not exceeding 180 kilograms. The second stage is
specially designed for high-altitude research such as plasma
physics. It can carry a 180-kilogram payload to 420
kilometers, or a 90-kilogram payload to 650 kilometers.
The impact ranges vary from 200 to 300 kilometers.
Diameters are 0.46 meter for the Terrier, 0.41 meter for
the Malemute, and 0.36 or 0.41 meter for the payload. The
length of the vehicle is 7.2 meters, to which is added the
payload length which can be as long as 5.4 meters. During
the last 10 years, 6 flights have taken place.

The Terrier propellant weighs 535 kilograms and is
of the nitrocellulose/nitroglycerin family with added lead
compounds and aluminum. The rocket exhaust emissions
are mainly carbon monoxide, carbon dioxide, nitrogen,
water, and aluminum oxide. They occur during the
4.4-second burning time over the atitude span from ground
to 1.5 kilometers. Terrier impact is about 0.5 kilometer
from the launch pad, with a spent rocket weight of 302
kilograms.

The Maemute propellant weighs 506 kilograms and
is of the ammonium perchlorate/aluminum/plastic binder
family. The rocket exhaust emissions are mainly aluminum
oxide, carbon monoxide, hydrogen chloride, nitrogen, and
water. They occur during the 21.5-second burning time
over the altitude span from 4 to 34 kilometers. The spent
rocket weight is 129 kilograms at final impact. [4, 32, 35,
86, 99]
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Terrier-Malemute (29) (Continued)
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2218 Terrier-Malemute (29) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Terrier 0.46 3.9 837 535 302
Malemute 0.41 3.30 635 506 129
Payload 0.36 5.44 217 - *199
Launch 12.68 1689 1041 *After 18 kg
gas release

PROPELLANT COMPOSITION

Terrier

Malemute

Nitrocellulose
Nitroglycerin
Triacetin
2-Nitrodiphenylamine
Lead-2-ethyl hexoate

Ammonium perchlorate
Polybutadiene, hydroxy terminated
Aluminum

Desmodour diisocyanate
Propyleneimine

Lead salicylate
EXHAUST EMISSIONS, kilogram
Terrier Malemute
Compound

0-1.5km 3.8-33.6 km

0-4.4 sec 8-29.5 sec
Carbon monoxide 228 128
Carbon dioxide 160 12
Water 54 34
Nitrogen 73 42
Hydrogen 10 13
Lead 10 -
Hydrogen chloride - 110
Aluminum oxide - 167
Totd 535 506

NASA SRP FSEIS
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2218 Terrier-Malemute (29) (Concluded)
MISSIONS AND PAYLOADS
No. of Flights FY 89 Mission Payload Payload Impact
(WallopsIdland, Virginia) Releases Recovery Media
FY FY
86-95 96
6 0 Release Experimentsto Derive | 9 kg CO; at None Water
(estd) | Airglow Induced Reaction 250 kmon
(REDAIR) with single species | upleg & 9 kg
(C0,) released at two pointsin | CO, at 375 km
ionosphere to find aeronomic | on downleg.
and plasma rate constants that
govern 6300A air glow.
NASA SRP FSEIS 2-43 1998
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2219 Aries (24)

Aries is the largest and longest burning single-stage
SRP vehicle in use. It is a guided solid propellant rocket
system with four fins for flight stability. Its large
dimensions (1.13-meter diameter, up to 11-meter total
length) and loaded weight (5,443 kilograms plus payload)
preclude its launch from a tower or rail (as practiced with
al other launch vehicles). Therefore, it is launched from a

pedestal and supplied with gimballed nozzles with a flight 12+
guidance and control system. (The other vehicles are
unguided, i.e, "pointed,” with wind compensation 11 e
techniques to stay on course.) The vehicle can lift a /
907-kilogram payload to 500 kilometers, or a 10
1,770-kilogram payload to 225 kilometers. Payload
diameters can be as large as 1.1 meters, with lengths from 9
3.4 to 7.3 meters. During the last 10 years, three flights
have taken place. 8
Q|
<
The Aries propellant weighs 4,704 kilograms and is 7 g
of the ammonium perchlorate/aluminum/polyurethane type. @ — &
The rocket exhaust emissions consist mainly of aluminum E 6
oxide, carbon monoxide, hydrogen chloride, water, =
nitrogen, and carbon dioxide.  They occur during the 5
63-second burning time starting at ground launch and
ending at 50 kilometers atitude. The spent rocket has a 4
739-kilogram impact weight. The payload includes an
experiment section and an impact absorption section. A 3
service module features a TV system downlink and ]
telemetry channels. The payload is recoverable via a 2 <
two-stage parachute system. [4, 35, 59, 86] \
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2.2.19 Aries (24) (Continued)
350 l
TRAJECTORY
8.75 MINUTE FLIGHT
300+— 39 SEC EXPERIMENT
1099 kg TOTAL PAYLOAD
PGI CAL ON
- PGI CAL OFF
w
3":5“{\”?2‘5, PGI CAL= §
£ (,3 SEG) | PENNING GAS IMAGER &
™ i PROPORTIONAL s
. 200 %g:nlﬂg"sgg) COUNTER CALIBRATION [ &
w S,
g CAMERA LO|CK ON
= 1st STAR (10 SEC)
~ 150 X-RAY CAL OFF
-
<
XRAY GAL ON \PGI CAL ON
100 T—7oespPiN/NOSE CONE ]
SEPARATION PGI CAL OFF
Jo \ ................. "
3
0 TevanouT S w
ARIES  MAIN PAYLOAD NOSE CONE < &
(63 SEC) CHUTE DEPLOY GHUTE DEPLOY £ g’
0 iGkitiGn" " ARIES IMPACT o | eeererene Pl
l 1
0 50 100 150
RANGE, km
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Aries 112 4.1 5443 4704 739
Payload 1.12 6.9 1099* - 1099*
Launch 11.0 6542 4704 *975 main pay-
load + 124 nose
cone
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2219

Aries (24) (Concluded)

Alternatives

ARIES PROPELLANT COMPOSITION

Ammonium Perchlorate
Aluminum

Polyurethane

ARIES EXHAUST EMISSIONS, 1.2-50 km, 0-63 sec

Compound kg Compound kg
Aluminum oxide 1515 Nitrogen 381
Carbon monoxide 1181 Carbon dioxide 141
Hydrogen chloride 941 Hydrogen 113
Water 423 Chlorine (monatomic) 9

Total | 4704
MISSIONS AND PAYLOADS
No. of Flights FY 91 Mission Payload Payload Impact
(White Sands, Releases | Recovery Medium
New Mexico)
FY FY
86-95 96
3 0 Measure X-ray spectraof Crab None Separate Land
(estd) | Nebulausing spectrograph chutes for
consisting of X-ray reflection main
gratings, agrazing incidence payload
Wolf_er 1 telwco_pe and an and nose
imaging proportional counter. cone.
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2.2.1.10 Nike-Black Brant VC (27)

Nike-Black Brant V (B or C) is a two-stage,
unguided, solid propellant rocket system with a Nike first
stage and a Black Brant V (BBV) second stage. The two
stages separate by drag action at Nike burnout. Each stage
is fin stabilized at its aft end.  This vehicle can carry a
136-kilogram payload to 430 kilometers, or a 408-kilogram
payload to 230 kilometers with a maximum of 540
kilograms. Flight times vary from 6 to 18 minutes, and
impact ranges from 100 to 300 kilometers. The Nike
diameter is 0.42 meter and the BBV diameter is 0.44 meter
which is aso the maximum payload diameter possible. The
total vehicle length, 14 meters, can include up to 5 meters
of payload. During the last 10 years, 23 flights have taken
place.

The Nike propellant weighs 340 kilograms and is of
the nitrocellulose/ nitroglycerin family including small
amounts of lead and graphite. The rocket exhaust emissions
are mainly carbon monoxide, carbon dioxide, water, and
nitrogen. They occur during the 3.5-second burning time
over the altitude span from ground to about 1 kilometer.
Nike impact is about 0.5 kilometer from the launch pad,
with a spent rocket weight of 276 kilograms.

The Black Brant V propellant weighs 997 kilograms
and is of the ammonium perchlorate/aluminum/plastic
binder type including small amounts of carbon black, iron,
and sulfur. The rocket exhaust emissions consist mainly of
aluminum oxide, carbon monoxide, hydrogen chloride,
nitrogen, and water. They occur during the 32.5-second
burning time over the altitude span from typically 2 to 40
kilometers. The spent rocket weight at final impact is 260
to 270 kilograms, depending on the number of stabilizing
fins.

Standard hardware available for the Nike-BBV
vehicles includes aft recovery systems for medium weight
payloads, an ogive recovery system assembly, payload
separation systems, and despin systems. Most of these can
be mounted (in a stack) at the same time. Also, the S-19
Boost Guidance Control System is available to control the
location of final impact more accurately. [4, 38, 71, 86,
94, 100]

NASA SRP FSEIS 2-47
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2.2.1.10

Nike-Black Brant VC (27) (Continued)

NASA SRP FSEIS
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Chapter 2 Alternatives
2.2.1.10 Nike-Black Brant VC (27) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Nike 0.42 3.45 616 340 276
Black Brant VB 0.44 5.45 1265 997 268
Payload 0.44 4.87 295 - 240
Launch 13.77 2176 1337
PROPELLANT COMPOSITION
Nike Black Brant VC
Nitrocellulose Ammonium perchlorate
Nitroglycerin Polypropylene glycol
Triacetin Triethanolamine

Lead stearate
Graphite

2-Nitrodiphenylamine
Diphenyl-amino-methyl-substituted phenols

Poly 1,4-butylene glycol
Toluene di-isocyanate
Aluminum

Carbon black

Iron acetyl acetate

Sulfur

Diodyl azelate

N-phenol butyl naphthylamine

NASA SRP FSEIS
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Chapter 2 Alternatives
2.2.1.10 Nike-Black Brant VC (27) (Continued)
EXHAUST EMISSIONS, kilogram
Nike Black Brant VC
Compound
0-0.7 km 2.0-36.8 km
0-3.5sec 8.5-40.9 sec
Carbon monoxide 182 288
Carbon Dioxide 61 14
Water 44 40
Nitrogen 41 76
Hydrogen 6 30
Lead 6 -
Hydrogen chloride - 187
Aluminum oxide - 357
Sulfur - 1
Other - 4
Total 340 997
MISSIONS AND PAYLOADS
No. of Flights FY 91 Mission Payload | Payload Impact
(Fairbanks, Alaska) Releases Reco- Media
very

FY FY
86-95 96

23 2 Study effect of post-midnight auroral None Para- Land

(estd) | activity on composition and winds of the chute
E-region between 200 and 80 km.
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Chapter 2 Alternatives
22111 Black Brant 1 X (36)

16 —
Black Brant IX ("nine") is a two-stage, unguided,

solid propellant rocket system with a Terrier first stage and
a Black Brant VC (BBVC) second stage. Each stage has
four stabilizing fins at its aft end. This vehicle will carry a
159- kilogram payload to 540 kilometers, or a
500-kilogram payload to 230 kilometers. Impact ranges
vary from 50 to 150 kilometers. The diameters are 0.46 —
meter for the Terrier, and 0.44 meter for the BBVC and
the standard payload configuration. The vehicle length is 12
9.3 meters, to which a payload length of typically 4 meters
is added. During the last 10 years, 101 flights have taken
place.

]
[

14 —

NN

PAYLOAD ||

H

The Terrier propellant weighs 535 kilograms and is 10

of the nitrocellulose/ nitroglycerin family with added |lead
compounds and aluminum. The rocket exhaust emissions
are mainly carbon monoxide, carbon dioxide, nitrogen,
water, and auminum oxide. They occur during the
5-second burning time over the altitude span from ground
to 2 kilometers. Terrier impact is about 1 kilometer from -
the launch pad with a spent rocket weight of 302
kilograms.

Ll

METERS
i

BLACK BRANT VC

The Black Brant propellant weighs 997 kilograms
and is of the ammonium/ perchlorate/aluminum/plastic
binder type with small amounts of carbon black, iron, and
sulfur. The rocket exhaust emissions are mainly aluminum 4
oxide, carbon monoxide, hydrogen chloride, water, and
nitrogen. They occur during the 32.4- second burning time -
over the altitude span from 5 to 44 kilometers. The spent
rocket weight is 268 kilograms at final impact. .

\
/

Standard hardware options available include aft
recovery systems for medium size loads, payload separation
systems, and despin systems. These can be mounted at the E
same time in a stack. Also, the S19 Boost Guidance 0=
Control System is available to control the location of fina
impact more accurately. [4, 35, 60, 86]

|— TERRIER
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22111

Brant I X (36) (Continued)

NASA SRP FSEIS
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Chapter 2 Alternatives
22111 Black Brant 1 X (36) (Continued)

LAUNCH VEHICLE DESIGN

Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Terrier 0.46 4.27 837 535 302
Black Brant VC 0.44 5.30 1265 997 268
Payload 0.44 6.11 439 - 439
Launch 15.68 2541 1532

PROPELLANT COMPOSITION

Terrier Black Brant VC

Nitrocellulose Ammonium perchlorate
Nitroglycerin Polypropylene glycol
Triacetin Triethanolamine
2-Nitrodiphenylamine Poly 1,4-butylene glycol
Lead salicylate Toluene di-isocyanate
Graphite Aluminum
Lead-2-ethyl hexoate Carbon black

Iron acetyl acetate

Sulfur

Diodyl azelate

N-phenol butyl naphthylamine
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22111 Black Brant 1 X (36) (Concluded)
EXHAUST EMISSIONS, kilogram
Terrier Black Brant VC
Compound
1.2-2.3km 4.7-38 km
0-5.2 sec 12-44.4 sec
Carbon monoxide 228 288
Carbon dioxide 160 14
Water 54 40
Nitrogen 73 76
Hydrogen 10 30
Lead 10 -
Hydrogen chloride - 187
Aluminum oxide - 357
Sulfur - 1
Other - 4
Total 535 997
MISSIONS AND PAYLOADS
No. of Flights FY 92 Mission Payload Payload Impact
(White Sands, New Mexico) Releases Reco- Media
very
FY FY
86-95 96
101 25 1. Atmospheric chemistry energy None Yes- by Land
(estd) | balance, secondary ionization Para-
phenomena. chute
2. F-Region vibrationally excited
particles.
3. Study of Odd-Nitrogen chemistry.
Pace payload includes 15
complementary simultaneous
experimentsfor 1,2,3.
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22112 Taurus-Nike-Tomahawk (38)

Taurus-Nike-Tomahawk is a three-stage, unguided,
fin-stabilized solid propellant rocket system with a Taurus
first stage, Nike second stage, and Tomahawk third stage.
All rockets have four equidistant fins at their aft ends for
stability. A Taurusg/Nike interstage adaptor provides for
drag separation at Taurus burnout, and similarly a
Nike/Tomahawk interstage adaptor causes drag separation
at Taurus burnout. This vehicle will carry a 32- kilogram
payload to 700 kilometers, or a 125-kilogram payload to
400 kilometers. Flight times vary up to 15 minutes, and
impact ranges vary from 180 to 400 kilometers. The
diameters are 0.58 meter for Taurus, 0.42 meter for Nike,
and 0.23 meter for Tomahawk and for the payload. The
total vehicle length is in excess of 15 meters, of which the
payload occupies from 1.4 to 3.7 meters. During the last 10
years, 13 flights have taken place.

The Taurus propellant weighs 754 kilograms and is
of the nitrocellulose/ nitroglycerin family with lead and
graphite as additives. The rocket exhaust emissions are
mainly carbon monoxide, carbon dioxide, water, and
nitrogen. They occur during the 3.5-second burning time
over the altitude span from ground to about 1 kilometer.
Taurus impact is about 0.75 kilometer from the launch pad,
with a spent rocket weight of 602 kilograms.

The Nike propellant weighs 340 kilograms and is of
the nitrocellulose/ nitroglycerin family with small amounts
of carbon black, iron, and sulfur. The rocket exhaust
emissions are mainly carbon monoxide, carbon dioxide,
water, and nitrogen. They occur during the 3.5-second
burning time over the dtitude span from 7 to 11
kilometers. Nike impact is about 5 kilometers from the
launch pad with a spent rocket weight of 276 kilograms.

* Continued on Page 2-58
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Chapter 2 Alternatives
22112 Taurus-Nike-Tomahawk (38) (Continued)
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22112 Taurus-Nike-Tomahawk (38) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Taurus 0.58 4.34 1356 754 602
Nike 0.42 3.68 630 340 290
Tomahawk 0.23 3.61 248 180 68
Payload 0.23 3.66 119 *95
Launch 15.29 2353 1274 * After
release
PROPELLANT COMPOSITION
Taurus Nike Tomahawk
Nitrocellulose Nitrocellulose Ammonium perchlorate
Nitroglycerin Nitroglycerin Carboxyl terminated
Triacetin 2-nitrodiphenylamine polybutadiene
2-Nitrodiphenyl- amine Diphenyl-amino-methyl Aluminum
Lead beta resorcylate substituted phenols Ferric oxide
Lead salicylate Lead stearate
Carbon black Graphite
EXHAUST EMISSIONS, kilogram
Taurus Nike Tomahawk
Compound
0-1.3 km 7.6-10.3 km 13.8-29.3 km
0-3.5sec 16.0-19.5 sec 23-32 sec
Carbon monoxide 333 182 45
Carbon dioxide 175 61 2
Water 125 44 7
Nitrogen 102 41 14
Hydrogen 8 6 5
Lead 11 6
Hydrogen chloride - 36
Aluminum oxide - - 69
Other - - 2
Total 754 340 180
NASA SRP FSEIS 2-57 1998
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22112 Taurus-Nike-Tomahawk (38) (Concluded)
MISSIONS AND PAYLOADS
No. of Flights FY 92 Mission Payload Payload Impact
(WallopsIsland, Virginia) Releases || Reco- Media
very
FY FY
86-95 96
13 0 Observe large-scale F-region 16 kg CO” a | None Water
(estd) | plasmavariations, airglow 372 km
patterns, high spatial resolution | apogee
plasma densities and an ambient
airglow altitude production
The Tomahawk propellant weighs Standard third stage hardware

180 kilograms and is a mix of ammonium
perchlorate, polybutadiene, aluminum, and
ferric oxide. The rocket exhaust emissions
are manly auminum oxide, carbon
monoxide, hydrogen chloride, and nitrogen.
They occur during the 9-second burning
time over a typical altitude span of 14 to 30
kilometers. The spent rocket weight is 65
kilograms at final impact.

NASA SRP FSEIS
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includes a separable clamshell nose cone, a
Tomahawk  firing-despin  module, and
separation systems for payload separation.

[4, 35, 86, 99, 103, 107]
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2.2.1.13 Black Brant X (35)

Black Brant X ("ten") is a three-stage, unguided,
solid propellant rocket system with a Terrier first stage, a 18—
Black Brant VC (BBVC) second stage, and a Nihka third
stage. The first and second stages employ four stabilizing —
fins a their aft ends. The third stage is finless. This vehicle
is designed to carry moderate payloads to exoatmospheric 16—
dtitudes. It carries a 90-kilogram payload to 1,200
kilometers, or a 317-kilogram payload to 550 kilometers. -
The impact ranges vary from 200 to 500 kilometers. The
diameters are 0.46 meter for the Terrier, and 0.44 meter for 14—
the BBVC, Nihka, and payload. = The vehicle length is
11.9 meters, to which is added a payload length of -
typicaly 3.8 meters. During the last 10 years, 18 flights
have taken place. 12—

PAYLOAD [[  —

The Terrier propellant weighs 535 kilograms and is .
of the nitrocellulose/nitroglycerin family with added lead
compounds and aluminum. The rocket exhaust emissions 10—
are mainly carbon monoxide, carbon dioxide, nitrogen,
water, and aluminum oxide. They occur during the
5-second burning time over the atitude span from ground
to 2 kilometers. Terrier impact is about 1 kilometer from g
the launch pad with a spent rocket weight of 302
kilograms.

[T NHKA JTT]

METERS

The BBV C propellant weighs 997 kilograms and is
of the ammonium perchlorate/aluminum/plastic binder type
including small amounts of carbon black, iron, and sulfur.
The rocket exhaust emissions consist mainly of auminum
oxide, carbon monoxide, hydrogen chloride, nitrogen, and
water. They occur during the 32.5-second burning time
over the dtitude span from 5 to 40 kilometers. The BBVC
impacts about 25 kilometers from the launch pad with a
spent rocket weight of 268 kilograms.

|
BLACK BRANT VC

NN

The Nihka propellant weighs 314 kilograms and is
of the ammonium perchlorate/aluminum/plastic binder type
with carbon black, iron, sulfur, and ferric oxide additives.

[— TERRIER

* Continued on Page 2-61
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2.2.1.13

Alternatives
Black Brant X (35) (Continued)
1,000 I
SECOND  TRAJECTORY
CHEMICAL 17.6 MINUTE
RELEASE FLIGHT
800 - FIRST
CHEMICAL
RELEASE
16 MINUTE
_s £00 EXPERIMENT
137 kg PAYLOAD w
w NO SEPARATION %
[ NO RECOVERY FOR 2. SEE a
) NEXT GRAPH| &
= l g
o 400
<
200 FORWARD CHARGE EJECT
NOSE CONE DEPLOY
3. NIHKA
loNITION - (18.1 SBCy X L MESDSPHERE ]
NIHKA SEPARATION NIHKA IMPACT
0 f i
0 200 400 600 800
RANGE, km
100 4
s &
% g IGNITION B2RAB'}.TA(‘>;;
SEPARATION 3. NIHKA = &
80
w
o« 3
£ £
£ &
X
X o g_ . E
w = wl / x
A Jofede Nl [ P &
=) - Q
e FOR 1. SEE w = 3
= 4 NEXT GRAPH il = &
= X o [
- T a
< BURNOUT 2 <
e 1
20 27 = BURNOUT\ 4 TERRIER
BLACK BRANT VB (4.4 SEC)
............................. |
oJIGNTION_| BBVB IMPACT o Y1eNimion TERRIER IMPACT
T L T
0 10 20 30 0 0.2 0.4 08
RANGE, km RANGE, km
NASA SRP FSEIS 2-60 1998



Chapter 2 Alternatives
2.2.1.13 Black Brant X (35) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propel lant Impact
meter meter wt. kg wt. kg wt. kg
Terier 0.46 4.27 837 535 302
Black Brant VB 0.44 5.29 1265 997 268
Nihka 0.44 2.32 408 314 94
Payload 0.44 2.82 137 *127
Launch 14.7 2647 1846 * After
release
PROPELLANT COMPOSITION
Terrier Black Brant VB Nihka
Nitrocellulose Ammonium perchlorate Ammonium perchlorate
Nitroglycerin Aluminum Carboxyl terminated
Triacetin Polypropylene glycol polybutadiene
2-Nitrodiphenyl-amine Poly 1,4-butylene glycol Aluminum
Lead salicylate N-phenyl-beta naphthylamine Ferric oxide
Lead 2-ethyl hexoate Triethanolamine
Iron acetylacetate
Sulfur
Dioctylazelate
Carbon black

The rocket exhaust emissions are
mainly aluminum oxide, hydrogen chloride,
carbon monoxide, water, and nitrogen. They
occur during the 18-second burning time
over the atitude span from 87 to 122
kilometers. The spent rocket weight at
final impact is 93 kilograms. Standard
hardware options available include aft
recovery systems, payload separation
systems, and despin systems.

NASA SRP FSEIS 2-61

These units are "stackable providing
experimental flexibility. Also, the S-19
Boost Guidance Control System is available
to control the location of final impact more
accurately. [4, 35, 38, 62, 86, 100]
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2.2.1.13 Black Brant X (35) (Concluded)
EXHAUST EMISSIONS, kilogram
Terrier Black Brant VB Nihka
Compound
0-0.9 km 3.6-35.4km 86-130 km
0-4.4 sec 12-44.4 sec 75-93.1 sec
Carbon monoxide 228 288 66
Carbon dioxide 160 14 9
Water 54 40 30
Nitrogen 73 76 26
Hydrogen 10 30 7
Lead 10 - -
Hydrogen chloride - 187 67
Aluminum oxide - 357 106
Sulfur - 1 1
Other 4 2
Total 535 997 314
MISSIONS AND PAYLOADS
No. of Flights FY 89 Mission Payload Payload | Impact
Churchill, Manitoba Releases Reco- Media
very
FY FY
86-95 96
18 0 1. Detect and measure parallel electric Barium None Land
(estd) | fieldsfrom barium ion motions under releases at
active aurora. 778 kmin
2. Detect and measureion upleg and at
accelerations from ambient plasma 893 kmin
waves. downleg
3. Measure convective electric fields (10 kg total)
from barium ions' horizontal motion.
4. Test new shaped charge design,
observe resulting plasma perturbation
and instabilities.
NASA SRP FSEIS 2-62 1998
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Alternatives

2.2.1.14 Black Brant XI (39)

Black Brant X1 ("eleven") is a three-stage, unguided
solid propellant rocket system with a Talos first stage, a
Taurus second stage, and a BBV C third stage. Each rocket
has four equidistant stabilizing fins.  Differential drag
forces provide for Talos separation from the second stage.
Thisvehicleis designed for carrying heavy payloads to high
atitudes. This vehicle can lift 318 kilograms to 700
kilometers, or 545 kilograms to 350 kilometers. Flight
times vary from 10 to 15 minutes and impact ranges vary
from 300 to 500 kilometers. The diameters are 0.76 meter
for the Talos, 0.58 meter for the Taurus, and 0.44 meter for
the BBV C and the payload. The total vehicle length is some
21 meters, of which 7 meters is taken up by the payload.
This vehicle is a FY90 development and has been flown
twice.

The Talos propellant weighs 1,285 kilograms and is
of the nitrocellulose/ nitroglycerin family with lead
compound additives. The rocket exhaust emissions are
mainly carbon dioxide, carbon monoxide, nitrogen, and
water. They occur during the 6.2-second burning time over
the altitude span from ground to about 2 kilometers. Taos
impact is about 1.5 kilometers from the launch pad with a
spent rocket weight of 802 kilograms.

The Taurus propellant weighs 754 kilograms and is
of the nitrocellulose/ nitroglycerin family with lead
compounds and graphite as additives. The rocket exhaust
emissions are mainly carbon monoxide, carbon dioxide,
water, and nitrogen. They occur during the 3.5- second
burning time over the altitude span from 6.6 to 8.5
kilometers. Taurus impact is about 5 kilometers from the
launch pad with a spent rocket weight of 602 kilograms.

The Black Brant VC propelant weighs 997
kilograms and is of the ammonium perchlorate/
aluminum/plastic binder type with small amounts of carbon
black, iron, and sulfur. The rocket exhaust emissions
consist mainly of aluminum oxide, carbon monoxide,
hydrogen chloride, nitrogen, and water.

* Continued on Page 2- 65

2.2.1.14 Black Brant XI (39) (Continued)
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NASA SRP FSEIS
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2.2.1.14 Black Brant XI (39) (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Talos 0.76 3.73 2087 1285 802
Taurus 0.58 4.18 1360 754 606
Black Brant V 0.44 5.83 1265 997 268
Payload 0.44 7.09 547 *363
Launch 20.83 5259 3036 *Aft only
PROPELLANT COMPOSITION
Talos Taurus Black Brant V
Nitrocellulose Nitrocellulose Ammonium perchlorate
Nitroglycerin Nitroglycerin Aluminum
Triacetin Triacetin Polypropylene glycol
2-Nitrodiphenylamine 2-Nitrodiphenylamine Poly 1,4-butelene glycol
Lead salicylate Lead salicylate N-phenyl-beta naphthylamine
Lead 2-ethyl hexoate Lead beta-resorcylate Toluene diisocyanate
Graphite Triethanolamine

Iron acetylacetate

Sulfur

Dioctylazelate

Carbon black

They occur during the 32.5-second
burning time over the altitude span from
125 to 59 kilometers. The spent rocket
weight at final impact is 268 kilograms.

Standard hardware available for this
BBV vehicle includes aft recovery systems
for medium size payloads, despin systems,
and a high-velocity payload separation

system. Most of these can be mounted (in a

stack) at the sametime.

[4, 35, 38, 63, 86, 100]
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2.2.1.14 Black Brant XI (39) (Concluded)
EXHAUST EMISSIONS, kilogram
Talos Taurus Black Brant V
Compound
0.2-1.8 km 6.6-8.5 km 12.5-59.1 km
0-6.2 sec 19.0-22.5 sec 28-60 sec
Carbon monoxide 465 333 288
Carbon dioxide 469 175 14
Water 137 125 40
Nitrogen 170 102 76
Hydrogen 22 8 30
Lead 22 11 -
Hydrogen chloride - - 187
Aluminum oxide - - 357
Sulfur - - 1
Other - - 4
Total 1285 754 997
MISSIONS AND PAYLOADS
No. of Flights FY 90 Mission Payload Payload Impact
(Fairbanks, Alaska) Releases Reco- Media
very
FY FY
86-95 96
2% 0 Study beam plasma discharge in near 4TAD Aft Land
(estd) | spaceenvironment using (1) non- packages portion
recoverable forward payload, (2) four
throwaway detector (TAD) packages
and (3) recoverable aft payload with
tethered experiment (main payload).
* FY 90 wasfirst year.
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2.2.1.15 Black Brant XII (40)

Black Brant XII ("twelve") is a four-stage solid
rocket system with a Talos first stage, a Taurus second
stage, a BBV third stage, and a Nihka fourth stage. This
vehicle is designed for carrying a variety of payloads to
very high altitudes. This vehicle can lift a 136-kilogram
payload to 1,500 kilometers, or a 522-kilogram payload to
500 kilometers. Flight times vary from 10 to over 20
minutes and impact ranges vary from 300 to over 1,200
kilometers. With extreme impact ranges, payload recovery
is problematical. The diameters are 0.76 meter for the
Taos, 0.58 meter for the Taurus, and 0.44 meter for the
BBV, the Nihka, and the payload. The total vehicle length
is over 16 meters, not counting the payload which may add
up to 7 meters. This vehicle is a FY90 development and
has been flown five times.

The Talos propellant weighs 1,285 kilograms and is
of the nitrocellulose/ nitroglycerin family with lead
compound additives. The rocket exhaust emissions are
mainly carbon dioxide, carbon monoxide, nitrogen, and
water. They occur during the 6.4-second burning time
over the altitude span from ground to about 2 kilometers.
Talos impact is about 1 kilometer from the launch pad with
a spent rocket weight of 809 kilograms.

The Taurus propellant weighs 754 kilograms and is
of the nitrocellulose/ nitroglycerin family with lead
compounds and graphite as additives. The rocket exhaust
emissions are mainly carbon monoxide, carbon dioxide,
water, and nitrogen. They occur during the 3.5- second
burning time over the altitude span from 4 to 6
kilometers. Taurus impact is approximately 3 kilometers
from the launch pad with a spent rocket weight of 602
kilograms.

The BBV propellant weighs 997 kilograms and is of
the ammonium perchlorate/aluminum/plastic binder type
with small amounts of carbon black, iron, and sulfur. The
rocket exhaust emissions consist mainly of auminum
oxide, carbon monoxide, hydrogen chloride, nitrogen, and
water.

* Continued on Page 2-71
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Chapter 2
2.2.1.15 Black Brant XII (40) (Continued)
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2.2.1.15 Black Brant X11 (40) (Continued)
100 : : , =
e siows || o | &
/\ x
90 \ FLIGHT ——%—
80 e
W
70 G
/ A |
£ %
< 60 Q|
- w
w | AL
|:—) 50 f
— W
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30 SEPIARATION \ E N
<
BURNOUT [+ o
X 38 SEC NO PAYLOAD \ &
RECOVERY
10 i
0 IGNIT(ON IMPACT
! f g
0 10 20 30 4 5 6 70 8
RANGE, km
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Talos 0.76 3.35 2087 1285 802
Taurus 0.58 4.72 1360 754 606
Black Brant V 0.44 5.66 1265 997 268
Nihka 0.44 2.32 407 314 93
Payload 0.44 2.41 136 114
Launch 18.46 5255 3350
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2.2.1.15 Black Brant X11 (40) (Continued)

PROPELLANT COMPOSITION

Compound Talos Taurus Black Nihka
Brant V

Nitrocellulose

Nitroglycerin

Triacetin

2-Nitrodiphenylamine

Lead salicylate

Lead 2-ethyl hexoate

Lead beta-resorcylate +

Graphite +

Ammonium perchlorate

Aluminum

Polypropylene glycol

Poly 1,4-butelene glycol

N-phenyl-beta naphthylamine

Toluene di-isocyanate

Triethanolamine

Iron acetylacetate

Sulfur

Dioctylazelate

Carbon black

Ferric oxide +

Polybutadiene, hydroxy- +
terminated

+ + + + + 4
+ + + +

+ + + 4+ +++++++

EXHAUST EMISSIONS, kilogram
Compound Talos Taurus Black Brant VV Nihka

0.2-1.9 km 4.2-6.3 km 10.6-58.9 km 96.0-153.5 km
0-6.4 sec 12.0-15.5 sec 21.0-53.4 sec 70.0-87.8 sec

Carbon monoxide 465 333 288 66
Carbon dioxide 469 175 14 9
Water 137 125 40 30
Nitrogen 170 102 76 26
Hydrogen 22 8 30 7
Lead 22 11 - _
Hydrogen chloride - - 187 67
Aluminum oxide - - 357 106
Sulfur - - 1 1

Other - - 4 2

Total 1285 754 997 314
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2.2.1.15 Black Brant X11 (40) (Concluded)
MISSIONS AND PAYLOADS
No. of Flights FY 89 Mission Payload Payload Impact
(Fairbanks, Alaska) Releases || Recovery Media
FY* FY
86-95 96
5 1 Study AAP up to 1500 km | None None Stage 1,2,3:
(estd) | atitudes, including HFEF, land; Stage 4
WPC, ES, and ions. and Payload:
Beaufort Sea.

* FY 90 wasfirst year.

AAP = Aurora acceleration phenomena, WPC = Wave-particle correlations
HFEF = High frequency electron flux, ES = Electrostatic shocks

They occur during the 32.5-second
burning time over the altitude span from 10
to 59 kilometers. The BBV impact is
approximately 50 to 100 kilometers from the
launch pad with a spent rocket weight of 268
kilograms.

The Nihka propellant weighs 314
kilograms and is of the ammonium
perchlorate/aluminum/plastic binder type
with carbon black, iron, sulfur, and ferric
oxide additives. The rocket exhaust
emissions are mainly auminum oxide,
hydrogen chloride, carbon monoxide, water,
and nitrogen. They occur during the
18-second burning time over the altitude
gpan from 96 to 154 kilometers with a spent
rocket weight at fina impact of 93
kilograms.

NASA SRP FSEIS
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Standard hardware available for this
BBV vehicle includes payload separation
systems and despin systems. These units are
"stackable,” providing experimental
flexibility.

[4, 35, 38, 64, 100]
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Alternatives

222 METEOROLOGICAL ROCKET
PROGRAM

This program is an adjunct to the
SRP and uses some of the same launch sites
as the SRP. Its purpose is to make in situ
observations of meteorological (weather)
and ozone-related properties of the
atmosphere, from ground to the ionosphere.

The Meteorological Rocket Program
(MRP) uses two small unguided rockets, the
Super Loki and the Viper IlIA, for this
purpose. Either of these rockets is the
propulsive first stage of a two-stage vehicle,
the second stage being an inert projectile,
the Dart, which houses the instrumented
payload. The function of the first stage,
which has a short burn time, isto 'throw' the
Dart into its desired suborbital trgectory just
as a human would throw a dart or javelin.

The Super Loki Dart vehicle is
treated in subsection 2.2.2.1 and the Viper
[11A Dart vehiclein subsection 2.2.2.2.

2221 Super Loki Dart

The Super Loki is a meteorological
two-stage rocket system used to obtain
density, temperature, ozone and wind data at
altitudes ranging from 85 to 110 kilometers
to ground. The first stage is a solid
propellant rocket, 0.1 meter in diameter and
2 meters long, with four aft stabilizing fins.
The second stage is an inert instrumented
Dart, 0.054 meter in diameter and 1.26
meters long. The second stage can house
different payl oads.

In operation, the vehicle (total length
3.26 meters) is launched from a tubular
launcher. After a 2-second burning time, the
vehicle has reached a 2- kilometer altitude.
At this time, the spent rocket separates from
the Dart and follows a trgectory to ground
impact.

NASA SRP FSEIS
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The MRP has used three types of
Super Loki Dart during the last 10 years -
the Datasonde, Sphere, and Ozonesonde.
Table 2-6 is a listing by year of the 310
Super Loki Dart flights made during the 10-
year period (FY 86 through FY 95).

* Continued on Page 2-75
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2221

Super Loki Dart (Continued)

Alternatives

Chapter 2

2.2.2.1

Super Loki Dart (Continued)

Alternatives
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2221 Super Loki Dart (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Super Loki 0.100 2.00 25.9 16.9 9.0
Payload 0.054 1.26 4.5 - 4.5*
Launch 3.26 30.4 16.9 *in pieces
SUPER LOKI PROPELLANT COMPOSITION
Ammonium Perchlorate Dibutyl phthalate
Aluminum Diphenylquanadine
Polysulfide polymer Quinone dioximine
Magnesium oxide Sulfur
SUPER LOKI EXHAUST EMISSIONS, (0-1.39 km, 0-2.0 sec)

Compound kg Compound kg
Aluminum oxide 0.57 Magnesium oxide 0.11
Carbon monoxide 2.59 Sulfur dioxide 1.01
Hydrogen chloride 4.01 Sulfur monoxide 0.22
Nitrogen 1.60 Hydrogen sulfides 0.18
Hydrogen 0.13 Monoatomic chlorine 0.07
Carbon dioxide 2.16 Sulfur 0.05
Water 4.17 Other 0.03

Total 16.90
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2221 Super Loki Dart (Continued)
MISSIONS AND PAYLOADS
No. of Flights FY 94 Mission Payload Payload Impact
(Wallops Island) Releases | Recovery Medium
FY FY
86-95 96
310 12 Correlative None None Ozonesonde
(estd) | measurements of ozone Dart: Ocean
(between 15 and 55 km)
and temperature
(between 15 and 60 km)
in conjunction with
UARS/HALOE
satellite.

At its apogee the Datasonde Dart
(168 flights) gects a 0.56-square-meter
starute (parachute) supporting an actively
transmitting temperature-measuring
transistor. The Sphere Dart (118 flights)
similarly gects an unfolding passive 1-meter
diameter metalized mylar (plastic) sphere
whose radar-tracked descent permits
estimation of air density and wind. The
Ozonesonde Dart (24 flights) functions like
the Datasonde, except that the starute
supports a transmitting optical 0zone sensor.

After gection al payloads fall to
Earth under the combined action of gravity,
wind, and air resistance. Once the dense
atmosphere is reached, the starute or sphere
collapses, impacting the surface a an
estimated 6 meters per second, sufficiently
strong to prevent reuse of any instruments.

Normally, with the Datasonde, the
forward section of the Super Loki rocket is
weighted with balast to provide
aerodynamic stability to the spent rocket
which then pursues a predictable ballistic
path to the ground, usualy impacting about
3 kilometers from the launch pad.

The apogee is 85 kilometers, and the Dart
impacts 28 kilometers from the launch pad
with a spent weight of 5 kilograms.

NASA SRP FSEIS
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With the Sphere, a higher apogee,
115 kilometers is often desirable and
attainable by removing the ballast from the
Super Loki rocket. The spent Dart impact
is then 35 kilometers from the launch pad.
The disadvantage is that the lack of ballast
leads to an unstable spent rocket whose path
to Earth is difficult to predict. Because of the
risk to launch facilities and personnel, many
launch sites do not permit flights of the
unballasted Super Loki.

The Super Loki propellant weighs
16.9 kilograms and is of the ammonium
perchlorate/aluminum/plastic  binder type.
The rocket exhaust emissions are mainly
hydrogen chloride, carbon monoxide, carbon
dioxide, and aluminum oxide. [8, 9, 50, 70,
104, 109, 110, 146]
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Table 2-6
SUPER LOKI DART METEOROLOGICAL ROCKET FLIGHTS
FY86 THROUGH FY 95
Fiscal Year Datasonde Sphere Ozonesonde Total
Dart Dart Dart Super Loki Dart

1986 41 2 0 43
1987 14 4 0 18
1988 29 0 0 29
1989 23 3 10 36
1990 19 14 6 39
1991 6 19 0 25
1992 9 19 0 28
1993 7 18 3 28
1994 19 32 5 56
1995 1 7 0 8

10-Y ear Total 168 118 24 310

NASA SRP FSEIS
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2222 Viper I11A Dart

The Viper IlIA is a meteorological, two-stage, solid
propellant rocket system to obtan density, ozone,
temperature, and wind data at altitudes ranging from 115
kilometers, or higher, to ground. This system is a scaled- up
Super Loki with about 50 percent more propellant of the
same type. The second stage is the same Dart with identical
Datasonde, Sphere, or Ozonesonde payloads and modes of
application. As a result, the Viper 1I1A Dart can reach
higher apogees (115 to 125 kilometers) than the Super Loki
Dart (85 to 110 kilometers).

This system can attain a 115-kilometer apogee with
the balast in place so that the spent rocket remains
aerodynamically stable with a predictable path to impact.
This makes the Viper 111A an acceptable system where the
115-kilometer altitude and adequate range safety are both
essential. Also, if the lack of spent rocket stability is not a
factor, the balast may be removed, increasing the apogee
to an estimated 125 kilometers.

The solid rocket has a 0.114-meter diameter and a
2.44-meter length, making the vehicle length (with a
Datasonde Dart) 3.1 meters. The Viper I1IA propellant
weighs 25.9 kilograms and is of the same ammonium
perchlorate/ auminum/plastic binder type as the Super
Loki. The rocket exhaust emissions are mainly hydrogen
chloride, carbon monoxide, carbon dioxide, and auminum
oxide. They occur during the 2.3-second burning time over
the atitude span from ground to 2 kilometers. Viper 1A
impact is about 3.5 kilometers from the launch pad with
a spent rocket weight of 8.3 kilograms.

The inert Dart typicaly impacts 30 to 40 kilometers
from the launch pad (depending on launch angle) with an
impact weight near 8 kilograms, in fragments. The MRP
has employed the Viper IlIIA rocket since FY91l. There
were 8 flights in FY91, 10 in FY92, 6 in FY93, 24 in FY
94, and 7 in FY 95 [50, 111, 146].

NASA SRP FSEIS 2-77

Alternatives

2.5

METERS

1998



Chapter 2

2222 Viper I11A Dart (Continued)

Alternatives
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2222 Viper I11A Dart (Continued)
LAUNCH VEHICLE DESIGN
Rocket Diameter Length Total Propellant Impact
meter meter wt. kg wt. kg wt. kg
Viper [11A 0.114 244 34.2 25.9 8.3
Dart (inert) 0.054 1.42 8.6 - 8.6*
Launch 3.86 42.8 25.9 *in pieces
VIPER IIIA PROPELLANT COMPOSITION
Ammonium Perchlorate Dibutyl phthalate
Aluminum Diphenylguanadine
Polysulfide polymer Quinone dioximine
Magnesium oxide Sulfur
VIPER II1A EXHAUST EMISSIONS, (0-2.0 km, 0-2.3 sec)

Compound kg Compound kg
Aluminum oxide 0.82 | Magnesium oxide 0.17
Carbon monoxide 3.97 | Sulfur dioxide 1.55
Hydrogen chloride 6.15 | Sulfur monoxide 0.34
Nitrogen 245 | Hydrogen sulfides 0.27
Hydrogen 0.20 | Monatomic chlorine 0.11
Carbon dioxide 331 | Sulfur 0.08
Water 6.38 | Other 0.05
Total 25.90

MISSIONS AND PAYLOADS
No. of Flights FY 94 Mission Payload Payload Impact
(Alcantara, Brazil) Releases | Recovery Medium
FY FY
91-95 96

55 15 Study of enhancement of None None Ocean
(FYo1 (estd) | diurnal atmospheric
was first waves (between 30 and 90
year) km) due to interaction with

2-day and 16-day waves.
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223 TEST ROCKET PROGRAM

About one-half hour prior to each SRP or MRP
flight, one or two small 70-millimeter test rockets are
launched (without payloads) severa minutes apart to serve
as targets for prelaunch metric radar and tracking system
checkout. Occasionally, only one test rocket is launched,
typically when two SRP or MRP launches are to be carried .08 —
out in quick succession. These rockets fly for 70 seconds
and impact 3 kilometers from the launch site.

During the last 10 years, the SRP made 290 flights
and the MRP made 323 flights (310 + 13), a total of 613 17
flights. The number of test rockets flown during the 10-
year period was 712. The yearly flight breakdown appears
on page 2-81.

0.78 —
The  70-millimeter test rocket is a smdl,

single-stage, solid propellant rocket system with a nose
cone which houses an electric-pyrotechnic flare to serve as
a target to check out the acquisition and tracking
capabilities of ground radars prior to launching any of the
17 previously described launch vehicles (Sections 2.2.1
through 2.2.2). The tota launch weight of the rocket
system is 9.5 kilograms, the apogee of the test rocket
trajectory is 6 kilometers, and impact occurs 3 kilometers 0.25 |
from the launch pad after a 70-second flight time with a
6.8-kilogram spent weight. The system diameter is 0.07
meter and its length is 1.2 meters.

0.8 —

The test rocket propellant weighs 2.7 kilograms and
is of the nitrocellulose/ nitroglycerin/plastic binder type
with a lead compound additive. The rocket exhaust
emissions consist mainly of carbon monoxide, carbon

dioxide, nitrogen, and water. They occur during the
1.7-second burning time over the atitude span from ground
to 0.6 kilometer.

[33, 35, 36, 72, 88]
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223 TEST ROCKET PROGRAM (Continued)
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Ten-Year Test Rocket Flights
FY Number of Flights FY Number of Flights
1986 87 1991 59
1987 73 1992 71
1988 130 1993 59
1989 71 1994 61
1990 66 1995 35
10 Year Total 712
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2.2.3 TEST ROCKET PROGRAM (Concluded)

Alternatives

LAUNCH VEHICLE DESIGN

Rocket Diameter Length Totd Propellant Impact
meter meter wt. kg wt. kg wt. kg
70-mm Rocket 0.07 1.0 52 2.7 2.5
Nosecone 0.07 0.2 4.3 - 4.3
Launch 1.2 9.5 2.7

70-MM TEST ROCKET PROPELLANT COMPOSITION

Nitrocellulose
Nitroglycerin
Diethylphthal ate

Lead Stearate
Other

70-MM TEST ROCKET EXHAUST EMISSIONS, (0-0.58 km, 0-1.7 sec)

45 minutes prior to each

flight to serve as targets.

or two rockets are launched 25-

scientific and weather rocket

Compound kg Compound kg
Carbon dioxide 0.80 Nitrogen 0.32
Carbon monoxide 134 Methane 0.01
Water 0.16 Lead 0.02
Hydrogen 0.05
Total | 2.70
MISSIONS AND PAYLOADS
No. of Flights Mission Payload Payload Impact
(All launch sites) Releases | Recovery Medium
FY FY
86-95 96
712 70 Pre-launch dynamic radar and None None Land
(estd) | tracking system checkout. One

NASA SRP FSEIS
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224 PERMANENT LAUNCH
FACILITIES

The site-specific components of the
Proposed Action are the three mgor United
States permanent sounding rocket launch
facilities, located in the states of Virginia,
New Mexico, and Alaska.

launch facilities are
Affected

The three
described in  Chapter 3.0,
Environment, as follows:

Wallops Hight Facility (WFF),
Eastern Shore of Virginia, in Section 3.2.1;

Poker Flat Research Range (PFRR),
Fairbanks, Alaska, in Section 3.2.2; and

White Sands Missile Range

(WSMR), White Sands, New Mexico, in
Section 3.2.3.

NASA SRP FSEIS
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23 NO ACTION

ALTERNATIVE

This dternative consists of the
cessation of the launching of the various
SRP and MRP vehicles with their payloads
from the three principal launch sites or from
any other launch site. The impacts of SRP
termination on NASA's scientific programs,
the three principa launch sites, and on any
other environmental receptor which was
affected when the vehicle launches were
performed are assessed in Chapter 4.0 of this
SEIS.
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3.0 AFFECTED
ENVIRONMENT

The launching of sounding rockets
impacts both atmospheric and terrestrial
environments. The atmospheric impacts
range from the troposphere to the ionosphere
and are generdly globa in nature, though
they also do affect site-specific air quality.
The terrestrial impacts of rocket launching
and the landing of spent rockets and
payloads are site-specific to the launch range
area. Terrestrial impacts affect both the land
and aguatic environments.

This SEIS addresses both the
programmatic (global) and sSite-specific
impacts of the NASA SRP at WFF, PFRR,
and WSMR. The existing atmospheric
environment is addressed in global terms,
and applies to each of the three permanent
sites and any mobile or foreign site. The
terrestrial  environments are addressed in
site-specific terms for each of the principal
rocket launch facilities in the United States
used by the NASA SRP.

31 GLOBAL ENVIRONMENT:
THE ATMOSPHERE

The Earth's atmosphere is best
described in terms of four principa layers:
the troposphere, the stratosphere, the
mesosphere and the ionosphere (Figure 3-
1). These layers have indistinct boundaries.
They are identified by temperature,
structure, density, composition, and degree
of ionization.

The lower, turbulent part of the
atmosphere (troposphere) is impacted by the
combustion products of propellants from the
first-stage rockets. The upper reaches of the
amosphere (above 10 kilometers) are
impacted by the exhaust from upper stage
rockets, and by physica and chemica
interactions between the vehicle/payload
combination and the atmosphere.  The
environmental impacts on the atmosphere in

NASA SRP FSEIS 3-1

this instance are global in nature and are not
specific to any one site.

3.11 TROPOSPHERE

The lowest level of the atmosphere,
the troposphere, extends from the Earth's
surface to approximately 10 kilometers. The
Earth's weather evolves within this very
turbulent region. This layer contains an
estimated 75 percent of the total mass of the
atmosphere. Solar radiation penetrates the
atmosphere causing heating at the surface
which then decreases with height within the
lower atmosphere. This variation in
temperature makes the troposphere the most
dynamic of the four atmospheric layers.

The troposphere is composed of 76.9
percent nitrogen and 20.7 percent oxygen by
weight. The relative concentrations of these
gases are highly uniform throughout the
lower atmosphere. Water vapor is the next
largest component (1.4-percent average by
volume throughout the lower atmosphere),
although its concentration is quite variable
near the Earth's surface. Trace gases
comprise the remainder of the lower
amosphere.  These gases, in order of
decreasing abundance are: argon, carbon
dioxide, neon, helium, methane, krypton,
nitrous oxide, hydrogen, xenon, and ozone.

312 STRATOSPHERE

The stratosphere (10 to 50 kilo-
meters) is identified by both physica
stability and maximum ozone concentration.
It is characterized by an increase in
temperature with atitude. Thisis due to the
ozone layer, which absorbs ultraviolet solar
radiation and reradiates it back at longer
wavelengths. The base of the stratosphereis
marked by an increase in ozone
concentration over levels found in the
troposphere. The highest ozone
concentrations are found near the middle of
the stratosphere, in the center of the ozone
layer, at approximately 25 kilometers.
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Figure 3-1. The Four Principal Layers of the Earth’s Atmosphere
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An ozone molecule contains three
atoms of oxygen and is produced by the
chemica combination of an oxygen
molecule with an atom of oxygen. Atomic
oxygen is produced by the breakdown of
molecules of oxygen, nitrogen dioxide, or
ozone.

The ozone distribution in the
stratosphere is maintained as the result of a
dynamic balance between creation and
destruction mechanisms. The distribution
fluctuates seasonally by approximately 25
percent and annualy by approximately 5
percent.

Although it comprises only several
parts per million in the stratosphere, ozone
absorbs virtualy al ultraviolet solar
radiation of wavelengths less than 295
Angstroms, and much of the radiation in the
range of 290 to 320 Angstroms (the
ultraviolet - B [UV-B] region). Ozone aso
contributes to the heat balance of the Earth
by absorbing radiation in the infrared near
the 9,600-Angstrom wave-length.

3.1.3 MESOPHERE

The mesosphere (50 to 80 kilo-
meters) is a transition layer between the
stratosphere and the ionosphere. The base
of the mesosphere marks the upper boundary
of the ozone layer. This area is warmed by
the absorption of solar ultraviolet energy by
ozone. Ozone production/destruction also
occurs in the lower part of the mesosphere,
although these mechanisms are most critical
in the stratosphere. The temperature of the
mesosphere decreases with altitude, reaching
a minimum at the top of the mesosphere.
This layer is an area of varied wind speeds
and directions due to the occurrence of
turbulence and atmospheric waves.
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3.1.4 IONOSPHERE
The ionosphere, or thermosphere,
(80 to beyond 1,000 Kkilometers) is

characterized by high ion and electron
density. Although this region is highly
rarefied compared to the atmosphere at the
Earth’s surface, it still causes some drag on
satellites orbiting within it.

The ionosphere’'s severa layers of
differing  properties are particularly
important to low-frequency radio
communications. It is also the region where
radiations in the visible spectrum, such as
the aurora, originate. The ionosphere is
influenced by solar radiation, variations in
the Earth’ s magnetic field, and motion of the
upper atmosphere. Because of these
interactions, the systematic properties of the
ionosphere vary greatly with time (diurnally,
seasonally, and over the approximately 11-
year solar cycle) and geographical latitude.

3.2 SITE-SPECIFIC FACILITIES
AND AFFECTED
ENVIRONMENT

This section addresses physical plant
(facilities) and the environmental setting at
each of three fully equipped permanent
launch facilities for sounding rockets in the
United States used by the NASA SRP:

1 WFF at Wallops Island, Virginia
2. PFRR at Fairbanks, Alaska

3. WSMR a White Sands,
Mexico

New

The physical plant of a typical, fully
equipped launch site encompasses rocket
launching complexes and operations support
facilities, including radar and telemetry.
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Rocket launch complexes are
comprised of a series of launch pads, each
equipped with one or more launchers and a
blockhouse/rocket firing control center.
Individual launch pads are often provided
with environmental shelters for protection
from the elements during the staging of
payload and vehicle. The shelters are
mounted on rails or wheels and are mobile.

Clear zones and quantity distance
siting are established for the storage,
handling and launch of rockets. For facility
siting, QD distances generally cited are the
maximum for the facility and are based on
either physical capacity of the given type of
explosive or other limiting factors based on
safety requirements (i.e. distance to nearest
inhabited building). For operations, such as
assembly and launch, the specific clear
zones or hazard areas are defined for each
system and published in operations
documentation. These areas range in size
from a few hundred feet to several thousand
feet depending on the vehicle/payload and
amount of explosives involved.

Operations support for sounding
rockets begins at the rocket reception area.
This is where the rockets are delivered,
usualy by truck, examined, and transferred
to the rocket inspection and storage
buildings. Separate support facilities are
used for the payload preparation, test, and
evaluation.

The vehicle assembly building,
usually located in close proximity to the
launch pad, is a place where fina
preparations for rocket/payload integration
are made.

The launch pads are located at
remote locations and are usually separated
from the rest of the facility by explosive
hazard zones. Radar, telemetry, and optica
flight monitoring equipment also constitute

NASA SRP FSEIS
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a component part of a fully equipped rocket
launch facility.

In addition to the permanent launch
facilities in the United States, NASA uses
mobile range sites and foreign launch
facilities.

For example, in 1992, a mobile
launch site a Vega Baja, Puerto Rico, was
used by the SRP [53, 82]'. The following
foreign sites were used recently by the
NASA SRP: Kwagjaein Island, Republic of
the Marshall Islands [83, 112]; Esrange,
Kiruna, Sweden [113, 114]; and the
Norwegian Sounding Rocket Range,
Andoya, Norway [1].

The site-specific  environmental
settings of the three major rocket launching
facilities used by the NASA SRP in the
United States were examined in depth by
review of available literature and by site
visits to the WFF, PFRR, and WSMR [44,
45, and 46]. During these visits, discussions
were held with the launch site operators,
NASA programs and environmental
personnel, and with representatives of
Federal and State regulatory agencies.

As a result of the field studies and
evauation of existing literature, it was
determined that a wedth of relevant, site-
gpecific environmental information exists
for the rocket launch facilities used by the
NASA SRP a WFF, PFRR, and WSMR
(see Chapter 6.0, Bibliography). These
documents comprise the supporting library
to this SEIS, and include detaled
descriptions of the climate, air and water
quality, land use, biologica resources,
threatened and endangered  species,
wetlands, and information related to the use
and handling of toxic substances, cultural
resources, economics, population, and

1 Numbers in brackes correspond with document numbers

contained in Bibliography.
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employment. This information was used to
determine the environmental consequences
of the NASA SRP activities at each site as
discussed in Chapter 4.0 of this report.

Chapter 4.0 aso addresses the
relationship between the short-term uses and
long-term maintenance and enhancement of
the environment and irreversible and
irretrievable commitments of resources,
including energy use.

321 WALLOPSFLIGHT FACILITY,
EASTERN SHORE OF VIRGINIA

The origin of the WFF dates back to
1945, when the National Advisory
Committee for Aeronautics (NACA)
authorized the Langley Research Center to
proceed with development of Wallops Island
as a site for research with rocket-propelled
aerodynamic research models. Among the
chief activities conducted at Wallops today
is the NASA SRP, a program which
originated in 1959. In the course of the
NASA SRP, WFF has rendered support to
scientific organizations from the United
States and foreign universities, commercial
research organizations, the DOD, and other
government agencies.

The information related to the site-
gpecific environmental issues at WFF
includes a number of earlier site-specific
EA;s [22, 101, 136] and EIS's [57, 133],
Test Directives [31, 32], Safety Plan [33],
Range User Handbook which includes range
operations and safety directive [83], biology
[41, 126], and Wallops future plans [89], as
well as site visits and facilities inspections
[44]. The Final Environmental Resources
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Document (ERD) [54] for this NASA
facility, published in August 1994, provides
up-to-date information on environmentd
issues at the WFF and also addressed health
and safety issues at thisinstallation.

Three NASA documents, Goddard
Space Flight Center: Facilities Master Plan,
Volume 1. Genera Information, [123] and
Volume 3: Wallops Flight Facility [124],
NASA, 1988, and the Space Utilization
Handbook, Facilities Engineering Branch,
NASA WFF, 1997 [87] provided a detailed
description of the physical layout of WFF,
including al the necessary maps and facilities
descriptions. The collected documents also
addressed the safety issues [15, 72,
information on the mission and historical
background of this NASA site [124], and
information on  environmental  issues,
including climate, land use, air and water
quality, and wetlands [54].

Additional subj ect-specified
documents analyzed as part of this SEIS
preparation included reports dealing with
architectural and archaeological resources
inventories [51] and biological resource
assessments [98] of the Wallops area.

3211 WFF Launch and Support
Facilities

The WFF is located on the Delmarva
Peninsula in the Mid-Atlantic region of the
United States within the political
boundaries of Accomack County on the
Eastern Shore of Virginia This location
corresponds to approximately 37°56'N
latitude and 75°27'W longitude. The facility
is approximately 65 kilometers (40 miles)
southeast of Salisbury, Maryland, and 144
kilometers (90 miles) north by northeast of
Norfolk, Virginia [54, 122, 124], as shown
on the map on page 3-7.
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Operations Areas of WFF, Virginia
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The WFF comprises three separate
areas. the Main Base, the Mainland, and
Wallops Island. The Main Base contains
approximately 742 hectares (1,833 acres) of
land. It is bordered on the east by
marshlands and creeks. On the north and
west, it is bordered by Mosquito Creek. On
the south and southeast, it is bordered by
State Routes 175 and 798. This area has
some commercia, light industria, and
residential units[124].

Wallops Island is one of the Virginia
Barrier Islands, approximately 11 kilometers
(7 miles) long and 0.8 kilometer (0.5 mile)
wide and contains 1,248 hectares (3,084
acres) of land.

NASA SRP FSEIS

It borders the Atlantic Ocean on the east,
and marshlands interlaced with small creeks
on the west [124].

The Mainland area is located 3
kilometers (2 miles) west of Wallops Island
and contains approximately 505 hectares
(1,250 acres) of land. It faces the island on
the east and is bordered by farmland on the
south, west, and north [124].
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3.21.1.2 Main Base, WFF, Virginia
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The Main Base, shown above,
controlled access area and comprises
facility headquarters, administrative offices,
an airfield, tracking facilities, a range
control center, rocket and fuel storage
depots, rocket motor inspection facilities,
payload manufacturing and testing facilities,
support shops, and housing. In addition, the
Main Base has a number of office buildings,
a post office, cafeteria, recreation center,
and necessary utilities, including a
wastewater treatment plant [87, 124].

NASA SRP FSEIS

is a

The Technical Support Branch of
the Engineering Division in Building F-10
provides support for the NASA SRP. The
payload test and evaluation operations and
integration areas are used for the preparation
of payloads and the evauation of the
mechanical and electrical integrity of various
systems, prior to ther transfer to a fina
assembly and mating with the rockets on
Wallops Island [44].
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Rocket Storage and Ingpection Area of the Main Base, WFF, Virginia
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The Rocket Storage and I nspection
Area of the Main Base is designed for the
handling and storage of ordnance. It is
located at the northern corner of the site and
is physically separated from the Main Base
by the airfield runway. Storage facilities for
rockets and igniters include underground
bunkers and large above-ground buildings
which are used for inspection and storage of
rocket motors and inert hardware. The
inspected and refurbished rocket motors are
stored prior to deployment in Building M-
15; smaller rocket motors are stored in
bunkers such as M-12, shown above. Six of
these bunkers are located throughout the
Rocket Storage Area. The handling of rocket
motorsis closely controlled by the
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inspection protocols individually designed
for each propulsion system. Building M-
16 is used for storage and handling of inert
hardware for the rocket propulsion systems.
Igniters are stored separately [44].

Storage of high-energy materials
presents the potential for hazard, and strict
safety procedures are enforced at all
locations of this area. In keeping with
established safety practices, and in order to
minimize the hazard, standards for minimum
safe distances from inhabited buildings
(explosive quantity distances) comply with
NASA Safety Standard 1740.12 for
explosives, propellants and pyrotechnics
[43].
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32114

Wallops|Idand and Wallops Mainland Facilities, WFF, Virginia

The Mainland site is a limited access
area located approximately 11 kilometers (7
miles) southeast of the Main Base and is
accessed by an existing public road network.
This facility comprises a safety command
transmitter, radar, telemetry, radio
communications, and optical  tracking
instalations. It is designed and built to
support launch operations on Wallops Island
and to provide rocket and satellite positional
data[124].

There are also storage, service, and
utility installations serving the Mainland and
the Isand. The Mainland site is connected to
the island by a causeway and bridge [124].

NASA SRP FSEIS
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Wallops Island is used as the site for
various launch and tracking facilities
associated with NASA, commercia, and
Navy operations. The launch activities are
aimed seaward. Launch Complexes (LC)
are concentrated at the south- and north-
central areas of theisland [124].
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3.21.15 Southern Launch Complexes on Wallops Idand, WFF, Virginia

The southern part of the island comprises This therma destruction facility
two launch areas (LC No.'s 1 and 2) with operates under interim status Part A and B
an adjoining assembly shop (Z-65) and a Permits submitted for review to the State of
launch control (blockhouse) building (Y-30). Virginia Department of Waste Management
The recently rebuilt LC No. 1 will be and the U. S. Environmental Protection
equipped with a 50K Starfire launcher and a Agency (EPA) [44].

shelter for it. Additionaly, an area for
destruction of high-energy materials such as
overage motors and unused ordnance is
located at the extreme southern tip of the
island.
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Launch Complex No. 2 on Wallops Island, WFF, Virginia

The LC No. 2, shown above, consists

of a launch control center located in
Blockhouse No. 2 (Y-30) and two Thiokol
dual rail AML launchers capable of handling
rocket vehicles up to 1,814 kilograms
(3,999 pounds) in weight. These launchers
are equipped with  remote-sensing
mechanisms and utilize adapters to launch
Arcas and Super Loki vehicles. The Thiokol
AML launchers are normally used at the
WFF for launching smaller rockets [44].

The LC No. 2 is also equipped with
one Atlantic Research Corporation (ARC)
tubular launcher, shown on the next page,
capable of handling larger launch vehicles

NASA SRP FSEIS
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ranging from one to severa stages. The
ARC launcher is capable of handling
propulsion systems which develop up to
576,453 Newton-meters about the boom
hinge [44].

Checkout and assembly facilities,
including mechanical and electrical support
to LC No. 2 are provided in building Z-65.
Rocket firing control is from Blockhouse
No. 2 (Y-30), shown in the left corner of
the picture above. The Blockhouse is
designed for personnel protection and has
complete vehicle and payload checkout and
launch capabilities [44].
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32117 ARC Launcher with Shelter, Launch Complex No. 2, Wallops Island, WFF,
Virginia

The ARC launcher shown above is
used for launching a wide range of
propulsion systems including, the Brant
series of rockets, as well as combinations of
Nike, Orion, Tomahawk, Taurus, Terrier,
and Maemute rockets. An environmental
shelter is provided to protect the fina
payload/vehicle integration, which is usually
conducted on the launcher [44].
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Launch Complexes No. 3B and No. 4B on Wallops |sland, WFF, Virginia

Located in the north-central part of
the island are LC's No. 3B and No. 4,

shown above. Launch Complex 3B is
comprised of a single ral 20K AML
launcher. This launcher is capable of

handling launch vehicles ranging from one
to severa stages, including the Black Brant
series, as well as combinations of Nike,
Orion, Tomahawk, Taurus, Terrier, and
Maemute rockets. This launcher is
provided with an environmenta tent-like
housing. The Inspection and Assembly
Shop No. 3 (W-65) is used in support of this
launch facility. It is a large machine shop
equipped to conduct assembly and checkout
support work on large rockets, such as the
Aries. Assembly Shop No. 3 (W-65) is
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composed of six assembly bays, each of
which is equipped with rollup doors and
cranes ranging in capacity from 2.7 to 9
metric tons (3 to 10 tons) [44].

Launch Complex No. 4, shown in
the center of the picture, has a multipurpose
tubular launcher of older design and is not
equipped with an environmental shelter. It
utilizes Assembly Shops No. 3 (W-65) and
No. 5 (W-40) for pre-pad assembly and
check-outs of launch vehicles and payloads.
This launch pad is used only occasionally.
The launch control for both facilities is
provided by Blockhouse No. 3 (W-20) [44].
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Central and North-Central Launch and Support Facilities on Wallops Island,

WEFF, Virginia
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The central part of the of theidand is
generally dedicated to ingtitutiona and
administrative functions including fire
fighting and rescue operations, generd
sounding rocket support activities, and
project management functions. The principal
rocket and payload assembly support
functions for the NASA SRP are located in
this area. These support functions include:
Inspection and Assembly Shop No. 3 (W-
65), Assembly Shop No. 4 (W-14),
Assembly Shop No. 5 (W-40), and the
Range Ground Support Building (W-22)
[44].

The northern part of the island
extends to the Chincoteague Inlet, and is
generally underdeveloped. This area is

3-16

currently utilized for launch range support
activities which require a more remote
location such as the Rocket Motor Storage
Facility (V-80) and the payload spin-balance
operation (V-45, V-50, and V-55). An
explosion hazard zone has been established
for protection around the Rocket Motor
Ready Storage Magazine (V-80) [44].

The Dynamic Balance Facility (V-
45, V-50, and V-55) is used for location of
centers of gravity, determination of weight,
measurements of mass distribution for static
and dynamic balance, and other parameters
in support of sounding rockets. It is aso
protected by an explosion hazard zone [44].
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3.21.2 Environmental Setting at

WFF

The principal source of information
for the affected environment at WFF is the
Environmental Resources Document,
Goddard Space Flight Center Wallops
Flight Facility, August, 1994 [54].

32121 Climate

The WFF is located in the humid
temperate zone of the mid-Atlantic, an area
with typically hot summers and no distinct
dry season. The average mean temperature
is 13.30C (560F), with a mean maximum of
17.80C (640F) and a mean minimum of
8.90C (480F). The average annual
precipitation is 105 centimeters (41 inches).
Relative humidity averages 76 percent. Late
summer and fal are the most humid, with
average humidity of 78 to 79 percent from
August through October. The prevailing
wind direction is southerly during the
summer and northwesterly during the winter.
The average windspeed is 14 to 16
kilometers per hour (9 to 10 miles per hour)
in the summer and 18 to 20 kilometers per
hour (11 to 12 miles per hour) in the winter.

A sea breeze with wind shifting
south-easterly occurs frequently in the late
morning hours in the spring and early
summer. Wallops Island has experienced
hurricane force winds seven times during the
past 100 years, as well as several strong
northeastern storms annually. Measured
wind profiles for Wallops Idand are
described in Reference 105. Additional
details on climate of the area can be found
in References 54, 101, 124, 133.

32122 Air Quality

The WFF is located in Region V1 of
the State of Virginia air quality districts.

NASA SRP FSEIS

This region does not violate either National
or Virginia air quality standards for criteria
pollutants. Criteria  pollutants are
particulates, carbon monoxide, sulfur
oxides, nitrogen dioxide, ozone, and lead.

The Commonwealth of Virginia
Ambient Air Quality Standards applicable to
firing of sounding rockets are [54]:

3-17

Primary Secondary
ug/m® ug/m®
1. Total Suspended Particul ates
(TSP)
Annual Geometric 75 60
Mean
M aximum 24-hour 150
concentration 260
2. Carbon Monoxide
8-hour Average 10,000 10,000
1-hour Average 40,000 40,000
3. Lead
Maximum Arithmetic
Mean 15 15

Additional details on air quality
can be found in References 16 and 54.
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There are no heavy industria plants
or maor ar pollution sources in the area.
The principal economic activities of the area
contribute very little to air pollution.
Consequently, the overall air quality at the
WFF isexcellent [54].

32123 Water Quality

There are no major perennial streams
in the vicinity of the WFF, so all water
supplies for the WFF are obtained from
ground water. Details on domestic water
supplies, sanitary sewer systems, and other
water quality issues can be found in
References 54 and 124.

32124 Land Use

The WFF is located in the coastal
plan which extends from Cape Cod,
Massachusetts, through the entire peninsula
of Floridaa  Wallops Island is a barrier
island, typical of those found on the east and
gulf coasts of the United States. The
majority of the land area on Wallops Island
is 1.5 meters (5 feet) above sealevel with an
occasional area 3 meters (10 feet) above sea
level. Most of the area surrounding the
Main Base is productive farmland.
Marshlands to the east of the Main Base
separate it from Chincoteague Island.
Principal activities are farming, tourism, and
recreational uses like hunting and fishing.
Land use a NASA WFF facilities is
described in detaill in References 57, and
124,

321241 Hazardous Waste

Contamination

The aviation fuel storage area and the
fire training area have been deemed
potential  Comprehensive Environmental
Response, Compensation, and Liability Act
include the waste oil dump, the scrap yard,
and the transformer pad [44].

NASA SRP FSEIS
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(CERCLA) dites. Other areas being
investigated as potential CERCLA sites
include the waste oil dump, the scrap yard,
and the transformer pad [44].

32125 Biological Resources

The primary sources for this section
were the Environmental Resources
Document, Goddard Space Flight Center
Wallops Flight Facility [54], Birds of
Wallops Island, Virginia 1970-1992 [140]
and written correspondence from the United
States Fish and Wildlife Service (USFWYS),
Virginia Department of Game and Inland
Fisheries, and Commonwealth of Virginia
Refer to these documents for additional
information on biological resources. See the
Appendix for correspondence. This section
will discuss vegetation, wildlife, and
threatened and endangered species at WFF.

The WFF is classified as an estuarine
ecosystem. The ecosystem is rich in
biological diversity. Habitats identified
within  the ecosystem predominantly
comprise tidal marsh, forest, and upland
habitats. Dominant vegetative species at the
marsh are sdtmarsh and salt meadow
cordgrass. On the mainland, loblolly pine,
wax myrtle, black cherry, red maple, and
sassafras make up the dominant vegetation.

Shorebirds and waterfowl are the
most  conspicuous  wildlife  species.
Approximately 250 bird species have been
observed and recorded at Wallops Island.
Mammas such as whitetailed deer,
opossum, raccoon, white-footed mouse,
meadow vole, and occasionally red fox
inhabit the area. Upland game species
include bobtail quaill, mourning dove,
cottontail rabbit, grey squirrels, woodcock,
and snipe. Common reptiles and amphibians
are the eastern box, panted, mud, and
snapping turtles; northern diamondback

terrapin; southern and eastern hognose
snakes, northern water snake; Fowler's
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toad; and southern leopard, bull, and green
tree frogs. Forty species of saltwater fish
occur in the area of Wallops Island. Finfish
species found in the vicinity include the
sheepshead minnow, rainwater fish, striped
killifish, mummichog, banded Kkillifish,
tidewater  silverside, threespine and
fourspine stickle-back, white and yellow
perch, and American edl.

321251 Threatened and Endangered

Species

The Department of Conservation and
Recreation, Commonwealth of Virginia has
identified Natural Heritage Resources within
the WFF facilities, including Wallops
Island, Mainland, and Main Base
[Appendix D, pages D-35 and D-36]. The
Natural Heritage Resources include rare
plant and animal species, rare and exemplary
natural communities, and significant
geological features. The list of Natura
Heritage Resources specific to WFF site
together with their federal and state legal
status are reported in Table 3-1.

WFF in consultation with the
Virginia Department of Game and Inland
Fisheries and U.S. Fish and Wildlife Service
has undertaken a program to provide a
necessary protection program for the critical
species that might be affected by the rocket
launch operation.

A bald eagle (Haliaeetus
Leucocephalus) nest was constructed in 1993
at the Main Base. In order to protect this new
nest site the U.S. Fish and Wildlife Service
recommended that any activity planned
within 0.4 kilometers (0.25 miles) should be
coordinated with this service.

NASA SRP FSEIS
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The piping plover (Charadrius
melodius) is found at both ends of the island
and is known to nest on the southern end
near the WFF. Nesting activities of the
piping plover ae monitored by
Chincoteague National Wildlife Refuge and
Virginia Department of Game and Inland
Fisheries  biologists. In  continuing
cooperation with the USFWS to protect the
Wallops Island piping plover population, the
northern and southern portions of the island
have been closed effective March 15,
through September 1 during the nesting
season every year since 1989. Wilson's
plover (Charadrius wilsonia) is listed as
endangered by the State of Virginia. This
species nests in the same area and is
protected with the same measures as the
piping plover.

A nesting pair of peregrine falcons
are located at a tower near the northern end
of the idand. According to the USFWS,
they should not be affected by the launches
at the southern end of the island.

The Virginia Department  of
Conservation and  Recreation,  after
reviewing the DSEIS has found that:
Provided that protection recommended for
the bald eagle, piping plover, gull-billed
tern, upland sandpiper, and Wilson’'s plover
are followed as noted in this document, DCR
does not anticipate that continuous
operation of this facility at current levels
will adversely impact natural heritage
I esour Ces.
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NATURAL HERITAGE RESOURCES DOCUMENTED WITHIN WFF

Common Name Species Status
Wallopsldand
Seaside Plantain Plantago maritima C5/SIUUNFINS
Big-head Rush Juncus megacephalus G4G5/S2/NFINS
Long-awned Sprangletop Leptochloa fasciscularis var | G5T3/S2S3/NF/NS
maritima
Southern Beach Spurge Chamaesyce bombensis GAG5/S2/INFINS
Carolina Fimbristylis Fimbristylis caroliniana C4/S2INF/NS
Blueflag Iris versicolor G5/S2/NFINS
Loggerhead Sea Turtle Caretta caretta G3/SIBS/LT/LT
Wilson Plover Charadrius wilsonia G5//SUNF/LE
Piping Plover Charadrius melodus G3/S2/LTILT
Peregrine Falcon Falco peregrinus G3/SVLE/LE
Estuarine  Herbaceous Vegetation
Oligotrophic Herbaceous Vegetation
Oligotrophic Scrub
Oligotrophic Woodland
Eutrophic  Seasonably Flooded Herbaceous Vegetation
Mainland
Lake-bank Sedge Carex Lacustris G5/S1/NF/NS
A Sedge Carex striata G4/S1U/S2INFINS
Blueflag Iris versicolor G5/S2/NFINS

Note: According to Virginia Department of Conservation and Recreation.

NASA SRP FSEIS
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Table 3-1 (Concluded)
NATURAL HERITAGE RESOURCES DOCUMENTED WITHIN WFF

Common Name Species Status
Main Base
Seapage Dancer Argia bipunctulata G4/S2S3/INFINS
Low Frostweed Helianthemum propinquum G4/S1/NF/INS
Brown-Fruited Rush Juncus pel ocarpus G5/SUNFINS
Blueflag Iris versicolor G5/S2/NFINS
Furtive Forktail I schnura prognatha GA4/SH/NF/NS
Bald Eagle Haliaeetus leucocephal us G4/S2S3/LE/LE

Eastuarine Herbaceous Vegetation

Oligotrophic ~ Saturated Scrub

Note:

G3-

G4-

G5-
SH -

LE -
LT-
NF -
NS -

Designates state rank

Designates global (total range) rank

Extremely rare; usually 5 or fewer populations of occurrences; or with many individuals
in fewer occurrences; or may be afew remaining individuals; often especialy vulnerable
to becoming extirparation.

Very rare; usually between 5 and 20 populations or occurrences, but with large number
of individuals in the same population; often susceptible to becoming extirpated.

Rare to uncommon; usually between 20 and 100 populations or occurrences, may have
fewer occurrences;, may be susceptible to large-scale disturbance.

(Global) Rare to uncommon, usually between 20 and 100 populations or occurrences;
may have fewer occurrences, but with a large number of individuas in some
popul ations; may be susceptible to large scale disturbances.

(Global) Common; usually >100 populations or occurrences, but may be fewer with
many large populations; may be restricted to only a portion of state; usually not
susceptible to immediate treat.

(Global) Very common; demonstrably secure under present conditions.

Historically known from the state; but not verified for an extended period, usualy >15
years; thisrank is used primarily when inventory was attempted recently.

Denotes rank for subspecies

Listed Endangered (federal and state)

Listed Threatened (federal and state)

No federa legal status

No state legal status
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3.21.26 Wetlands

Wetlands at WFF can be classified as
tida and non-tidal. There are three
predominant wetland systems in the WFF
area. marine wetlands, estuarine wetlands,
and palustrine wetlands. All marine and
estuarine wetlands, and some palustrine
wetlands, are considered tidal wetlands.

The WFF tida wetland consists of
approximately 456 hectares (1,127 acres).
On the eastern portion of the Main Base
there is an extensive tidal marsh which is
not a part of the facility. Wallops Island is
separated from the Mainland area by tidal
marshlands interlaced by tidal streams. The
marsh grasses of the wetlands around the
WFF stabilize the soil and buffer wave
action. This helps to cut down on erosion
of the land bordering the tidal marshes.
These grasses, like smooth cordgrass
(Spartina aterniflora) act as nutrient traps.
In this capacity, they prevent excessive
nutrients from entering estuarine systems
and causing increased rates  of
eutrophication.

Non-tidal wetlands are also found at
WFF. They are defined as areas that are
inundated or saturated by surface water or
groundwater at a frequency and duration
sufficient to support, and that under normal
circumstantance do support, a prevalence of
vegetation typically adopted for life in water
saturated conditions.

A detailed description of tidal and
non-tidal wetlands found at WFF is given in
the Environmental Resources Document,
Goddard Space Flight Center Wallops
Flight Facility, August, 1994 [54]. This
document provides details on wetland
delineation and classification within the
WEFF facilities. The referenced document
also provides National Wetland Inventory
maps for Wallops Main Base, and northern
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and southern portions of Wallops Island and
Wallops Mainland.

According to the Environmental
Resources Document, Goddard Space
Flight Center Wallops Flight Facility,
August, 1994 [54], the predominant wetland
types found in the vicinity of WFF are:

1 Forested Wetlands that typically
include swamps dominated by trees
over 20 feet in height and include
many floodplain areas. They
normally possess an overstory of
trees, an understory of young trees or
shrubs, and a herbaceous layer.
Typical vegetation includes red
maple, sweetgum, river birch, and
ashes.

2. Scrub Shrub Wetland that includes
tree shrub swamps or wetlands
dominated by small trees less than 20
feet in height. Predominant wetland
types include ader, buttonwood,
dogwood, sweetbay magnolia, and
spicebush.

3. Emergent Wetlands are known as
marshes characterized by erect,
rooted, herbaceous hydrophytes
excluding mosses and lichens.
Vegetation is present for most of the
growing season in most years.
Typical vegetation includes cattails,
sedges, and rushes.

4, Aquatic Bed Wetlands are dominated
by plants that grow principally on or
below the surface of water. These
plant species are best developed in
relatively permanent water or under
conditions of repeated flooding.
Typicd vegetation includes
gpatterdock and pickerelweed.

Wetlands
flooded

are
areas

5. Open Water
predominantly
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typicaly characterized as lakes or
ponds.

The Accomack County Wetlands
Board, Virginia Marine Resources
Commission, and U.S. Army Corps of
Engineers have jurisdiction over wetlands at
WFF. NASA consults with appropriate
regulatory agencies prior to initiation of any
construction on wetlands.

32127 Floodplains

The Environmental  Resources
Document, Goddard Space Flight Center
Wallops Flight Facility, August, 1994 [54]
describes floodplain resources of WFF based
on results of floodplain study that was
designed to delineate more accurately the
100-year storm for WFF. The information
from this study is presented as baseline
information to be evaluated for future
construction of proposed projects at WFF.
The items considered in this analysis are
topography, local weather patterns, changes
in sea level, existing floodplain measures,
other models, and the actua transect
devel opment.

Based on predicted changes in sea
level asealevel rise of 172 mm (6.6 inches)
to 256 mm (10.1 inches) can be expected
between 1987 and 2020. Given the local
topography, the implications of these global
sea leve rise estimates on flooding are that
the 100-year stillwater elevation, and thus
the 100-year wave crest elevation, are likely
to increase in the future.

During a tidal flood, both the 100-
year stillwater elevation and the wave crest
determine the final flood elevation. Based
on these considerations it is predicted that
during a 100-year storm, the wave crest
would almost inundate Wallops Island.
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The Environmental  Resources
Document, Goddard Space Flight Center
Wallops Flight Facility, August, 1994 [54]
presents flood maps for WFF Main Base, the
northern portion of Wallops Island, and the
southern portion of Wallops Island and
Mainland. The maps of a 100-year
floodplain are based on the wave crest
elevation of approximately 4.2 m (14 feet)
(based on the output from the WHAFIS
model), and the maps for 500-year
floodplain are based on wave crest elevation
of approximately 3.3 m (10.9 feet) (MSL)
(based on FEMA Insurance Study).

WFF is currently repairing the sea
wall with stone and filter cloth on the
eastern side of Wallops Idand. Under a
100-year storm scenario, the sea wall will
not completely hold back the storm;
however, it should be effective for storms
with recurring interval of 20 years or less.

3.21.28 Hazardous Waste

Management

Hazardous wastes generated at the
WFF are managed by the WFF Environ-
mental Branch accordance with procedures
referenced in [54].

32129 Cultural Resources

The WFF is located on the eastern
shore of Virginia which has a long history.
Prior to the arrival of white settlers the area
was home for the Accawmack and
Accohowack Indians who were members of
the Algonquin Nation. They owed
allegiance to the "Powhatan Confederacy,"
even though this chief could not enforce
any rule over them due to the absence of
sufficient means to cross the Chesapeake
Bay from the western to the eastern shores.
The WFF is not recognized as a historical
landmark.

1998



Chapter 3

Environment

The barrier islands were used as
temporary fishing sites and later as a focal
point for the smuggling activities of the
colonists. To protect commerce, a fort was
constructed near the northeastern corner of
what is now the Main Base facility in the
late 1770's. By 1800, census records
indicate that ten families lived on Wallops
Island. In 1883, the U.S. Coast Guard
constructed a station, which still stands, on
theisland.

Currently, WFF is working with the
Virginia Department of Historic Resources
to fulfill its National Historic Preservation
Act Section 110 requirements. In
compliance  with  Nationd Historic
Preservation Act Section 106 the
consultation  process with  regulatory
agencies has been initiated by the
Environmental Branch of WFF. Additiond
details on cultural resources can be found in
Reference 54.

3.2.1.2.10 Economics and

Employment

Accomack County's 1990 population
of 31,703 represents a very small increase
over 1980 figures. According to 1980
Census data, the magor employment
categories are manufacturing (25.5 percent);
wholesale and retail trade (21.4 percent);
government (18.2 percent); professional and
related services (134 percent); and
agriculture, forestry, fishing and mining
(11.8 percent). Tourism is an important
contributor to the economy in the
immediate area of the WFF, especialy
during the summer months.

The WFF, with its annua budget of
approximately $87 million, is a maor
contributor to the local economy both in
Virginia and in the Maryland lower shore
counties. The mean income level for the
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WFF is approximately $37,000 per year. It
isasignificant and beneficial contribution to
the local economy. Employment at the WFF
has shown a steady increase over the past
decade, with a current employment of 1,366
personnel. The Facility employs
approximately 900 Virginia residents, 450
Maryland residents and a few Delaware
residents. Additional details on economics
and employment can be found in Reference
54,

321211 Population

The density of population in the
immediate, rural area is low. The 1990
Census shows Accomack County as having
a population of 31,703 and a population
density of 23.88 people per sguare
kilometer. Chincoteague Island is the
largest, densely populated area in the
immediate proximity of the WFF. It is
located approximately 8 kilometers (5 miles)
from the Main Base area, and has a resident
population of 3,555 people. This population
swells during the summer months due to an
influx of tourists and vacationers attracted to
the Assateague Island beaches. Details on
population can be found in Reference 54.
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3.22 POKER FLAT RESEARCH RANGE (PFRR), ALASKA

QCEAN

STATE OF ALASKA

NASA SRP FSEIS

The PFRR is located in the center of
Alaska near Fairbanks, approximately 1.5
degrees below the Arctic Circle at 65°2'N
latitude and 147°5'W longitude. The facility
is located on the Steese Highway (State
Route No. 6) in Chatanika, approximately
48 kilometers (30 miles) northeast from
Fairbanks and 256 kilometers (159 miles)
southwest from the village of Circle as
shown on the next page [45, 97]. The
information related to the site-specific
environmental issues at PFRR is comprised
of a number of documents including a
number of relevant EA's [3, 23, 24] and
EISs [135], a river management plan [2], a
series of descriptive reports related to the
PFRR Improvement and Modernization
Program [18, 25, 26, 27, 28, 29, 96, 97],
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and the Range User's Handbook [30]
which includes range safety issues, and
documents related to the biological character
of the area [2, 6, 13, 14]. During the site
visit to the PFRR [45], discussions were
held with representatives of the regulatory
community, including the Bureau of Land
Management, Alaska Department of
Environmental Conservation, and Alaska
Department of Fish and Game. The
regulatory agencies were instrumental in
identifying sources of relevant information,
and either provided or assisted in securing a
number of key documents.
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3221 PFRR Launch and Support Facilities

NASA SRP FSEIS

The PFRR serves the launch
requirements of NASA, the Department
of Defence (DOD), and the scientific
research community worldwide. It is
used to conduct atmospheric studies in
aurora borealis, electric and magnetic
fields, ultraviolet radiation, solar
protons, ozone and greenhouse effects
and other phenomena. The NASA WFF
contracts with the Geophysical Institute  of
the University of Alaska (UAF) for the
operation of the range and provides
technica advice and range safety
oversight.
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74 POKER FLATS

A RESEARCH RANGE

The PFRR facility is a fully equipped
and operational rocket firing complex and
includes five rocket firing pads, a block
house, communication facilities, fire control
and safety functions, payload and vehicle
storage and assembly buildings, a clean
room, geophysica monitoring and optical
measurement instrumentation, radar and
telemetry  sites, downrange  science
monitoring sites, and administrative and
miscellaneous support facilities [45].
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32211 Operations Areas of PFRR, Alaska
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Geographicaly, PFRR comprises
three separate operational areas. the
Lower, Middle, and Upper Ranges [28,
45].

The Lower Range includes range
offices, rocket launch  facilities,
blockhouse, pad support, payload
assembly facilities, and a rocket storage
building [28, 45]. The area is relatively
flat with average elevation of 200 meters
(656 feet) above mean sealevel (mdl).

The Middle Range is the area
where the telemetry buildings and optical
observatory  are  located. It is
approximately 214 meters (700 feet)
higher than the Lower Range, and
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approximately 2.7 kilometers (1.7 miles)
distant from the Lower Range [28, 45]. The
telemetry complex is a building comprised
of approximately 362 sgquare meters (3,900
square feet) of enclosed area with a roof-
mounted antenna. Several smaller buildings
which house radar installations are adjacent
[28, 45].

The Upper Range is the area on the
ridgetop above the Lower and Middle
Ranges. The areds top elevation is 500
meters (1,640 feet) above md. Facilities
here are limited to a self-contained trailer
housing electrical gear and a short radar
tower [25, 28, 45].
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