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FINDING OF NO SIGNIFICANT IMPACT

UNITED STATES ARMY STRATEGIC DEFENSE COMMAND

AGENCY: United States Army Strategic Defense Command.

ACTION: Use of Ni® Overvoltage Gap Switches in the Flight
Termination Systems on Boosters Launched from U.S. Army Kwajalein
Atoll (USAKA).

BACKGROUND: Pursuant to Council on Environmental Quality
regulations for implementing the procedural provisions of the
National Environmental Policy Act (40 CFR parts 1500-1508), the
Compact of Free Association (42 USC 1681), the Department of
Defense (DOD) Directive on Environmental Effects in the United
States of DOD Actions, and Army Regulation 200-2, the United
States Army Strategic Defense Command (USASDC) has conducted an
assessment of the potential environmental consequences of the use
of Ni® overvoltage gap switches in the flight termination systems
on boosters launched from U.S. Army Kwajalein Atoll (USAKA). A
no~action alternative was also considered.

SUMMARY: As part of the Strategic Defense Initiative Program,
the Ground Based Interceptor (GBI) is being developed to
demonstrate the capability to intercept strategic ballistic
missiles outside the atmosphere. To satisfy range safety
regulations and ensure public safety for GBI test launches, a
reliable and safe Flight Termination System (FTS) is required.

The original GBI FTS contained no radioactive material. However,
FTS failures occurred during qualification testing of the firing
unit hardware, and a timely, innovative design could not be
developed that would support program schedules. Portions of a
proven firing unit used in the Navy’s Trident program will be
adapted to the GBI FTS. A component of this unit is an
overvoltage gap switch which contains the radioisotope Ni®.

Since use of this device was not planned at the time the original
environmental analyses were conducted for this project, this
Environmental Assessment (EA) is required to assess the potential
environmental consequences of incorporating Ni® switches in the
FTS of GBI boosters to be launched from Meck Island, USAKA,
Republic ¢f the Marshall Islands. The analysis contained in this
EA are tiered from the Environmental Impact Statement on Proposed
Actions at U.S. Army Kwajalein Atoll (USAKA EIS) produced by the
USASDC in 1585 and from the Bxocatmospheric Reentry Vehicle
Interception System (ERIS) EA produced by the Strategic Defense
Initiative Organization (SDIO) in 1987. The ERIS, a subsystem of
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the Phase I Strategic Defense System (SDS) and an Army project,
has been renamed the "Ground Based Interceptor" project.
Material pertaining to the general aspects of the GBI project is
in the ERIS EA (SDIO, 1987). Pertinent information relating to
launch operations from USAKA were addressed in the USAKA EIS
(USASDC, 1989).

Use of the Ni® overvoltage gap switches would involve activities
at two locations. These locations and activities are:

OCATIO ACTIVITY -
Lockheed Missiles and Space Assémbly and Test of the
Company, Sunnyvale, California FTS

Meck Island, USAKA, Republic of Installation, Flight~
Marshall Islands Preparation, and Flight

To assess possible impacts, each activity was evaluated in the
context of the environmental considerations for air quality,
biological resources, cultural resources, hazardous waste,
infrastructure, land use, noise, public health and safety,
socioeconomics, and water quality.

FINDINGS: No significant impacts would result from the use of
Ni® overvoltage gap switches during normal flight of the GBI. 1In
addition, dispersion calculations were made for other non-routine
scenarios: 1) flight termination in the launch pad area
resulting in pulverization of the Ni® switches, 2) flight
termination at about 8 km (5 mi) altitude with pulverization of
the switches and aerial dispersion, and 3) flight termination
resulting in the switches fragmenting and falling into the ocean
in small pieces. These calculations indicate that no significant
impacts to the environment will occur even in the event of the
non-routine scenarios evaluated.

Following careful consideration and evaluation of the potential
impacts of substituting a firing unit with overvoltage gap
switches containing a radioisotope of Nickel (Ni*), I have
determined that no significant environmental impacts would occur
as a result of this action.
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DEADLINE FOR RECEIPT OF PUBLIC COMMENTS: July 2%, 1990

POINT OF CONTACT: A copy of the Environmental Assessment for:

Use of the Ni® Overvoltage Gap Switches In The Flight Termination
Systems On Boosters Launched From U.S. Army Kwajalein Atoll

(USAKA), May 1990, is available from: -

U.S. Armv Strategic Defense Command
ATTN: Mr. D.R. Gallien, CSSD-EN
P.0. Box 1500

Huntsville, AL 35807-3801

it ew S0 jﬂa*%)%«m-ﬁ-g

Dated Robert D. Hammond
Lieutenant General, USA
Commander
U.S. Army Strategic Defense Command
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EX¥CUTIVE SUMMARY

As part of the Strategic Defense Initiative (SDI) Program, the Ground Based Interceptor (GBI)
is being developed to demonstrate the capability to intercept strategic ballistic missiles outside the
atmosphere. To satisfy range safety regulations and ensure public safety for GBI test launches, a
reliable and safe Flight Termination System (FTS) is required.

The original GBI FTS contained no radioactive material. However, FTS failures occurred during
qualification testing of the firing unit hardware, and a timely, innovative design could not be
developed that would support program schedules. Portions of a proven firing unit used in the
Navy’s Trident program will be adapted to the GBI FIS. A component of this unit is an
overvoltage gap switch, which contains the radioisotope Ni®%,

U.S. Army Regulation 200-2 requires an environmental analysis when a radioactive substance is to
be authorized for use. This Environmental Assessment (EA) focuses on the potential
environmental consequences of incorporating Ni%® switches in the FTS of GBI boosters to be
launched from Meck Island, U.S. Army Kwajalein Atoll (USAKA). The analyses contained in this
EA are tiered from the Environmental Impact Statement (EIS) on proposed actions at the U.S.
Army Kwajalein Atoll produced by the U. S. Army Strategic Defense Command (USASDC) and
the Exoatmosphere Reentry Vehicle Interception System (ERIS) EA produced by the Strategic
Defense Initiative Organization (SDIO). ERIS, a Phase I subsystem of the Strategic Defense
System (SDS) and an Army project, has been renamed the "Ground Based Interceptor” project.
Material pertaining to the general aspects of the GBI project is in the ERIS EA (SDIO, 1987a).
Pertinent information relating to launch operations and the existing environment at Kwajalein Atoll
can be found in the USAKA EIS (USASDC, 1989a,b).

To assess the significance of any potential impacts, a four-step approach was used. The first step
was development of a list of the activities necessary to implement the proposed action. The second
step was the description of the affected environment at each proposed program location. The third
step was the determination of those activities with potential environmental consequences. If a
proposed activity was determined to present a potential for impact, the fourth step was undertaken.
This step consisted of evaluating the activity in terms of the potential for significant impacts,
considering the intensity, extent, and context in which the impact occurs.

Based on the application of this approach, the following environmental consequences for use of
the Ni®® overvoltage gap switches were determined:

= Assembly and Test of the Flight Termination System

Lockheed Missiles and Space Company, Sunnyvale, California - environmental consequences
not significant

[ ] Installation, Flight Preparation, and Flight

Meck Island, U.S. Army Kwajalein Atoll, Republic of the Marshall Islands - environmental
consequences not significant




Change
June 5, 1990

Potential environmental impacts were examined for use of the Ni®® during normal flight of the GBI
and for dispersion of the Ni®® during several non-routine scenarios. Both the predicted annual
radiation dosage and the air-water concentrations were determined to be well below the maximum
allowable standards in all cases. Due to the nature and complexity of radiation effects on biological
organisms, a technical discussion and analysis on the amounts of radiation and their effects are
provided in Appendix A of this EA. Therefore, following careful consideration and evaluation of
the potential impacts of substituting a firing unit with an overvoltage gap switch containing a
radioisotope of Nickel (Ni®®), it was determined that no significant environmental impacts would
occur as a result of this action.
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1.0  DESCRIPTION OF PROPOSED ACTION AND ALTERNATIVES

1.1 Scope

The National Environmental Policy Act (NEPA), the Council on Environmental Quality regulations
implementing the NEPA (40 CFR 1500-1508), Department of Defense (DOD) Directive 6050.1,
and Army Regulation 200-2 which implements these regulations, direct that DOD and Army
officials consider the environmental consequences prior to authorizing or approving federal actions.
Army Regulation 200-2 [Chapter 2-2, Paragraph a(5)] requires an environmental analysis when a
radioactive substance is to be authorized for use. Therefore, the use of a firing unit containing
nickel radioisotope (Ni®®) overvoltage gap switches [hereafter referred to as switch(es)] in the
Flight Termination System (FTS) for the Ground Based Interceptor (GBI) requires preparation of
an Environmental Assessment (EA). Because the proposed action would involve U.S. Army
Kwajalein Atoll (USAKA), Republic of the Marshall Islands (RMI), the Compact of Free
Association (Compact) and related agreements between RMI and the United States apply.

This EA focuses on the potential environmental consequences of incorporating Ni® switches in the
FTS on GBI boosters to be launched from Meck Island, USAKA (Figures 1-1 and 1-2). The
analyses contained in this EA are tiered from the Environmental Impact Statement (EIS) on
proposed actions at USAKA produced by the U.S. Army Strategic Defense Command (USASDC)
and the Exoatmospheric Reentry Vehicle Interception System (ERIS) EA produced by the Strategic
Defense Initiative Organization (SDIO). ERIS, a subsystem of the Phase I Strategic Defense
System (SDS) and an Army project, has been renamed the "Ground Based Interceptor” project.
Mateiial pertaining to the general aspects of the GBI project is in the ERIS EA (SDIO, 1987a).
Pertinent information relating to launch operations from Kwajalein Atoll can be found in the
USAKA EIS (USASDC, 1989a,b).

1.2 Background

Consistent with the Strategic Defense Initiative (SDI) program announced by former President
Reagan on March 23, 1983, the GBI is being developed to demonstrate the capability to intercept
strategic ballistic missile reentry vehicles in the exoatmosphere. To satisfy range safety regulations
and ensure public safety for GBI test launches conducted at USAKA, a reliable and safe FTS must
be provided.

The original GBI FTS contained no radioactive material. However, FTS failures occurred during
qualification testing of the firing unit hardware, and a timely, innovative design could not be
developed that would support hardware constraints as well as project schedules. To simplify the
qualification process, portions of a proven firing unit used in the Navy’s Trident program will be
adapted to the GBI FIS. A component of this unit is an overvoltage gap switch, which contains
the radioisotope Ni%,

1.3 Purpose and Need for the Action
In compliance with the USAKA Range Safety Manual (USASDC, 1986), the GBI FTS must be

reliable and safe. The purpose of the proposed action, the use of a firing unit incorporating a
switch containing Ni®, is to provide a reliable and safe FIS. The proposed action is the result

1
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of the less than adequate reliability of the earlier Exploding Foil Initiator (EFI) design. The use
of an available and proven component from a U.S. Navy firing unit is necessary to ensure public
safety with a high degree of reliability and with no delay of schedule.

14 Description of the Proposed Action

The FTS provides the means for the Flight Safety Officer to terminate the flight if the flight
footprint violates a predetermined protection circle or fails to function according to the missile’s
flight plan (Figure 1-3). The probability of debris falling outside the flight footprint is less than
one in one million (SRS Technologies, 1989). If the flight footprint intersects a protection circle
that encloses inhabited islands, the missile then poses a hazard to personnel and property, and its
flight will be terminated.

Guided missiles launched from USAKA must be equipped with an FTS in compliance with the
USAKA Range Safety Manual (USASDC, 1986). These safety requirements will be in effect for
GBI test missions. The GBI test missions are planned to perform within their Flight Safety
Corridor (Figure 1-3).

1.41 System Description

The operation of the FIS consists of firing the initiators to subsequently activate the destruct
charge. This, in turn, splits the booster motor case, resulting in flight termination.

The FTS firing unit consists of 4 Premature Separation Module, a High Voltage Assembly (HVA),
and an Input Board Assembly. The Ni® switch of concern is part of the FTS HVA. The HVA
provides the alternating current voltage step-up and gap switch trigger functions for the firing unit
(Figure 1-4). The firing units are mounted in the raceways of each GBI booster motor (Figure
1-5). The FTS is discussed in greater detail in Appendix A.

The firing unit’s HVA, each containing a Ni%® switch subassembly, will be obtained from existing
Navy Trident Destruct Initiation Units. The switch is a two-electrode, gas-filled, ceramic and metal,
hermetically sealed electron tube designed to operate in an arc discharge mode (Figure 1-6). It
conducts moderate to high peak currents for very short time durations.

The radiation source parts within these switches are in the form of plated anode and cathcde
electrodes. The radioactive substance used in these devices is Ni%%, a pure, beta-emitting isotope
with a half-life of 85 years. The Ni® is in the form of metallic nickel, and has been electro-plated
on the inter-space surface of the electrode base material in a barrel plating process. The total
calculated deposition of Ni®? in any one device is 40.0 microcuries. Each firing unit makes use of
one switch; each of the two booster motors contains two firing units.

1.42 Location of Activities
The HVA containing the Ni® switch wiii be integrated into the new firing unit at Lockheed

Missiles and Space Company (LMSC) in >unnyvale, California. The firing unit is assembled and
tested at LMSC facilities prior to shipment to USAKA.
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The new firing units are sent to Meck Island (USAKA), where they are installed on the GBI
booster along with the destruct ordnance used in the FIS. This installation takes place in the
missile assembly building prior to movement to the launch pad silo. The arming of the destruct
initiator will only be conducted in the launch pad silo, just prior to launch.

Appropriate safety measures will be used during handling and storage of the Ni®® switches, as
required by the USAKA Range Safety Manual, LMSC Radiation Protection Procedures, and the
Nuclear Regulatory Commission (NRC) requirements under Title 10, Code of Federal Regulations
(CFR), "Energy."

During a normal flight, the first and second stage boosters, each containing two switches, will fall
intact into the broad ocean area (Figure 1-3). The switches have been shock-, thermal-, and
vibration-tested to levels in excess of normal launch stress factors (Mercado, 1990).

In the event of a flight termination action, the motor casing of the boosters will be split lengthwise,
which will terminate thrust, causing the boosters to fall through the atmosphere into the broad
ocean area.

1.5 Alternatives Other than the Proposed Action

Two alternatives to the proposed action were considered, but have been rejected as unreasonable.
The first alternative was to develop a new non-radioactive firing unit. This alternative was
determined to be unreasonable because it would cause an unacceptable delay in the GBI program
schedule. The second alternative considered was to launch without an FTS. This alternative was
rejected as unreasonable because of the unacceptable risk to personnel and property.

1.6 No-Action Alternative

The no-action alternative is to continue to use the EFI. This alternative would result in potential
significant hazards to personnel, which would not be permitted by range safety. Therefore, the GBI
program would not be allowed to launch, resulting in the inability to conduct the GBI program and
to resolve technical issues critical to the formulation of the SDS architecture.
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20  AFFECTED ENVIRONMENT
2.1  Lockheed Missiles and Space Company (LMSC)

The LMSC’s GBI facilities are located in Sunnyvale, California. Within this area, the Ni% switch
will be received, assembled into the FIS, and put through acceptance and integration tests. These
existing facilities were originally built for a previous program and can be used to complete all
proposed analyses, simulations, and component/assembly tests for the GBI program. All activities
associated with Ni®® will occur in selected existing buildings within the Lockheed Complex, in
accordance with LMSC radiation protection procedures (LMSC, 1990b). LMSC obtained required
federal, state, and local permits and authorizations for the use of the radioactive Ni%>, A permit
from the City of Sunnyvalz is presently being issued. All operations and handling of the Ni% will
be in accordance with radioactive requirements as stated in the required permits and authorizations.
The facilities involved are in a fully developed industrialized area and no significant cultural or
natural resources are known to be present within the complex. Approximately 23,000 people are
employed at the Sunnyvale facilities, of which 100 to 150 people are involved in manufacturing,
assembly, and testing the GBI including the FTS.

22 US. Army Kwajalein Atoll (USAKA)

The primary mission of USAKA is to support missile flight testing for DOD research and
development efforts. Technical facilities on USAKA include multiple launch facilities and
numerous supporting elements, such as tracking radar, optical instrumentation, satellite
communications, and telemetry stations (USASDC, 1988; 1989a,b).

USAKA is within the Ralik Chain in the western portion of the Marshall Islands, in the west-
central Pacific Ocean southwest of Hawaii. The Marshall Islands were previously administered by
the United States under a strategic trust established by the United Nations (Office of Micronesian
Status Negotiations, 1984). The Compact of Free Association (Compact) between the United
States and the Republic of the Marshall Islands (U.S. Public Law 99-239) was bilaterally
implemented by the signatories on October 21, 1986. The Compact created the sovereign nation
of the Republic of the Marshall Islands. The United States, in the conduct of its activities in the
Marshall Islands, applies standards substantively similar to U.S. environmental standards, untii
alternate standards that are fully protective of health, safety, and the environment are developed
in consultation with the Republic of the Marshall Islands and the EPA, as envisioned in Section
161 of the Compact (USASDC, 1989a,b).

Kwajalein Atoll consists of a very large interior lagoon [2,850 square kilometers (1,100 square
miles)] surrounded by approximately 100 component islandsfislets. USAKA includes 11 leased
islands (Kwajalein, Roi-Namur, Ennylabegan, Meck, Gagan, Gellinam, Omelek, Eniwetak, Legan,
Ennugarret, and Illeginni). All USAKA-leased islands, except Ennugarret, have facilities. United
States citizens live on Kwajalein and Roi-Namur islands. The Marshallese residents live on, or use,
several islands outside the mid-atoll corridor. The various resource elements comprising the existing

memssimmensnn memd bk FTQATZ A nmm Aacmetlend 2ee dntnll S saba TICATZA T2TQ /TIQCACTVY 1000~ LN
CIVITOiliCiit dt oA ar€ QESCricCa il GCiant in uiC voAnn 1o \WwAviw, 170704V ).
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30 ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION

Ni% produces beta radiation with a maximum energy of 0.067 million electron volts (MeV) for the
electrons. Beta radiation is generally low penetrating and the low energy level of 0.067 MeV is
particularly short range (Appendix A). Calculations (Appendix A) indicate that it will only
penetrate about two thousandths of an inch or a third of the thickness of human skin (USDHEW,
1970). By comparison, paper has the thickness of several thousandths of an inch.

Various allowable levels have been published by regulatory agencies to limit releases of radioactive
materials into the environment. The maximum allowable dosage per year is 0.5 REMs (USDHEW,
1970). A REM, a Roentgen Equivalent Man, is a measure of radiation dose based on the ionizing
radiation required to produce the same biological effect in man as one roentgen of high
penetration x-rays.

Calculations based on published data (USDHEW, 1970) indicate that if all the radioisotope material
from a single switch was ingested or inhaled by a person, the retained material would produce a
dosage in a one year period of 0.09 REM (Appendix A). This value is well below the maximum
allowable dosage per year of 0.5 REM. Approximately two-thirds of any amount of Ni%® ingested
or inhaled is excreted immediately gICRP-SO, 1978). The maximum attainable exposure, therefore,
originates from one-third of the Ni®? in the switch that was ingested or inhaled. In terms of cancer
risk, the 0.09 REM is equivalent to smoking 18 cigarettes per year (Beckmann, 1979). This low
level will not represent a hazard to human or marine life, and, therefore, there is no significant
impact related to the use of these switches during a terminated flight.

The Environmental Protection Agency (EPA) concentration level of Environmental Compliance
(FR, December, 1989) for Ni% in air is 1.4 x 10”° microcuries per m>. The corresponding level (10
CFR 20, 1989) for Ni®® in water is 3 x 10 microcuries per milliliter. These values are the
accepted limits for concentrations of Ni% in the water and air.

The switches undergo an extensive testing program to ensure their integrity. Completed Ni%
switches are designed, and have been shock tested, to withstand more than 3,500 times the force
due to the acceleration of gravity (g) in 0.5 millisecond pulses, in each of six perpendicular
directions. The switches withstand a thermal shock of plunging from water at 97 degrees C into
a supercooled (-55 degrees C) fluorinert and again into 97 degrees C water for five cycles. The
switches have also been vibration tested for 10 minutes with a constant power spectral density of
0.6 g?/Hz with no effect on operations (Mercado, 1990).

3.1 Lockheed Missiles and Space Comg.ny (LMSC)

The FTS will be assembled and tested within the LMSC facilities. LMSC obtained the required
federal, state, and local permits and authorizations for the use of the radioisotope Ni®’. All
operations and handling of the Ni%® will be in accordance with radioactive requirements as stated
in the required permits and authorizations. No additional personnel would be assigned to the
existing GBI workforce as a result of the change in switches. The existing social and utility
infrastructure is adequate to meet requirements of LMSC. Therefore, there are no signficant
environmental consequences from the proposed actions at LMSC.

11
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32  US. Army Kwajaiein Atoll (USAKA)

Environmental Consequences of the proposed actions at USAKA are related to the results of a
nominal or terminated flight and are also consistent with Section 314 of the Compact of Free
Association, Public Law 99-23¢ (CFA, 1986).

321 Consequences of a Nominal Flight

During a nominal flight, there will be no dispersion of debris from the spent motor casings or the
firing units. The normal sequence of events will be the separation of the rocket stages resulting
in the deposition into the broad ocean area (international and not territorial waters) of two intact
rocket casings, along with the fully enclosed Ni%? switches. The integrity of the switches is such that
this impact would not normally result in rupture of the switches. The approximate nominal impact
areas (Figure 1-3) are described below:

First stage: 73 nmi from launch point; major axis - 50 nmi; minor axis - 10 nmi.
Second stage: 786 nmi from launch point; major axis - 9.2 nmi; minor axis - 6 nmi.

The burned out second stage will reenter the atmosphere in the nominal case. There is a remote
chance that heating during reentry may result in aerothermal burnup. The potential pulverization
of the switches due to aerothermal burnup is discussed in section 3.2.2.

In the case of a nominai flight, the product specification tests firmly support the expectation that
the four Ni®® switches on 2 vehicle will remain intact for the complete mission. Calculations based
on published data (USDHEW, 1970) indicate that radiation with the energy of the beta particles
from Ni®® can only penetrate a few ten-thousandths of an inch into the walls of the switch
(Appendix A).

After a nominal flight, the booster casing will descend to the bottom of the ocean. Corrosion of
the switch enclosure in salt water will occur over a period. of time (approximately 80 years)
(Appendix A). After this has occurred, the Ni% corrodes over a three-day period and would have
a negligible effect upon the organisms present at the bottom of the ocean due to the decrease in
activity by almost one-half after 80 years.

3.22 Consequences of a Terminated Flight

If it is necessary to terminate a flight, the command destruct system will be activated. As a result
of this action, debris will be generated from the rocket motor and payload material. The first stage
motor with its fuel will burn intensely, but the second stage motor could explode due to its high
energy propellant. As described in Section 1.4.1, an explosive charge is the element of the FTS
that effects the termination of motor thrust. The linear shaped explosive charge will be direrted
inward, splitting the case of each motor. The firing unit with its overvoltage gap switch is located
in the raceway above the linear shaped charge. Therefore, the unit is in a lower explosive force
region. In addition, the switches are located inside an aluminum case [1.6 mm (1/16") thick]
surrounded by shock-mitigating plastic foam, enclosed by a mounting box and grouped with a
number of components on a fiberglass/phenolic circuit board (Figure 1-4). All of these features

12
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surrounding the switches reduce the likelihood of the switches being damaged and provide extra
protection against radiation leakage. Furthermore, the process of terminating launch will allow the
exhaust gases to disperse in all directions. Estimates of the shock forces and empirical evidence
indicate that, in the event of a terminated flight, the Ni®® switches will remain intact. During the
development phase of the Navy's Trident program, some boosters experienced inflight destruction.
None of the Ni% switches recovered exhibited signs of damage.

3.2.2.1 Pad Explosion

If the switches fragment due to inadvertent or intentional booster explosion in the silo or just
above the launch pad, the scenario evaluated would be complete pulverization of the switches. The
resulting expanding cloud of pulverized material would dilute the levels of radioactive substances
to below allowable release limits before reaching any personrcel. Calculations based on recently
published EPA Concentration Levels for Environmental Compliance indicate that when the
spherical cloud of Ni%® reaches a radius of about 140m (460 ft), the concentration level for the
Ni® falls below the compliance level (FR, December, 1989) of 1.4 x 10~ microcuries per m>. This
value occurs well within the established Explosive Safety Quantity Distance (ESQD) of 381m (1,250
ft) (Figure 1-7). All unauthorized personnel are prohibited from being in the ESQD during launch.
Since adequate dilution would take place within the ESQD, any radioactive dust outside the ESQD
would be below the allowable concentration levels. If the normal prevailing winds of approximately
16 miles per hour (USASDC, 1989a,b) are present, these winds would increase the atmospheric
dispersion, further reducing the concentration.

If the fragmented Ni®® does not pulverize, then the fragments would be located with other booster
debris within the 381m (1,250 ft) ESQD. If fragments can be located by using radiation detection
survey equipment, they will be retrieved in accordance with ground safety procedures (LMSC,
1990a and USASDC, 1986) as revised (Williams, 1990).

Since the booster is launched from the silo, a pad explosion would result in flame and debris
escaping through the silo top and the exhaust flame trench. The likelihood of debris falling into
the lagoon is significantly reduced due to silo shielding.

3.2.2.2 Flight Termination

Flight termination can occur during two periods: before and after first stage separation. If flight
termination occurs before first stage separation, there are three possible results: the switches come
down intact with the boosters, the switches fragment, or the switches pulverize. The intact switches
would descend to the bottom of the ocean, where corrosion would occur. This scenario is identical
to the result of a nominal flight (Section 3.2.1), and no significant environmental impacts are
expected.

If the switches fragment and drop to the bottom of the ocean, the Ni%’ would disperse to below
the acceptable limit (10 CFR 20, 1989) of 3 x 10~ microcuries per milliliter after reaching a radius
of approximately 1.1m (3.6 £} (Appendix A) from the switch or fragment location. This value
represents the release of 160 microcuries at a single instant into the ocean. In reality, the
corrosion of the Ni® would result in the microcuries being released over a three-day period

13
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(Appendix A), reducing the volume of water needed to meet the allowable concentration limits.
No significant environmental impacts would result from this level of release of Ni%,

In the third scenario, all four switches would pulverize in the atmosphere and be dispersed. A
calculation for the dispersal of pulverized switches (Appendix A) is based on a conservative set of
parameters, including a steady state source that would release Ni®® well in excess of the 160
microcuries and termination at 8 km (5 mi) altitude with a 3.6 km/hr (2.2 mph) wind speed. The
calculated level for Ni®® of 7.81 x 10”3 microcuries per m® in air falls below the compliance level
(FR, December, 1989) of 1.4 x 10 microcuries per m® and would not result in significant
environmental impacts.

Once a nominal first stage separation occurs, the two switches in the first stage would fall intact
into the ocean as described in Section 3.2.1. For the second stage with the remaining 80
microcuries of Ni%3, the same three alternatives present themselves as described above. If, as a
result of flight termination, switches fall intact into the ocean (Section 3.2.1), no significant
environmental impacts are expected.

If the switches fragment and drop to the bottom of the ocean, the 80 microcuries of Ni%> would
disperse to below the acceptable limit (10 CFR 20, 1989) of 3 x 10~ microcuries per milliliter after
reaching a radius of approximately 0.85m (2.8 ft)(Appendix A) from the switch or fragment
location. This value is smailer than the previous value due to the lower quantity of Ni%, and no
significant environmental impacts are expected.

If two switches pulverize, the calculation, assuming a steady state source with 80 microcuries of
Ni%, gives a concentration level of 3.90 x 103 microcuries per m® (Appendix A). This value is
due to the resulting dispersion from the explosion with winds present. With this level of Ni%
dispersion, no significant impacts are expected.

3.3  Environmental Consequences of the No-Action Alternative

If the no-action alternative is selected, the GBI project would continue to use the EFI and the
booster would pose unacceptable personnel and property risks. No other environmental
consequences are anticipated beyond those outlined in the ERIS EA (SDIO, 1987a).

34 Conflicts with Federal, Regional, State, Local, or Native American Tribal Land Use Plans,
Policies, and Controls

Since all continental U.S. activities relative to use of the Ni® switch will be carried out in existing
facilities, no significant impacts are expected with regard to conflicts with federai, regional, state,
local, or Native American tribal land use plans, policies, and controls.

3.5  Energy Requirements and Conservation Potential

The cihetititinn ~F tha N:03 switches will
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conservation potential. Neither the insignificant amounts of material involved nor the installation
activities differ from those addressed for the earlier EFI switch design.
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3.6  Natural or Depletable Resource Requirements

The small quantities of Ni®> and other materials used in the GBI FTS are not expected to
significantly impact natural or depletable resources, because of the insignificant amounts of material
involved.

3.7 Adverse Environmental Effects That Cannot Be Avoided

There would be no sigrificant adverse environmental effects associated with the use of Ni%
switches that could not be avoided.

3.8  Relationship between Short-Term Uses of Man’s Environment and the Maintenance and
Enhancement of Long-Term Productivity

The use of Ni%® switches will have no significant effect on the short-term use of man’s environment
nor on the maintenance and enhancement of long-term productivity of the natural systems affected.

3.9 Irreversible or Irretrievable Commitment of Resources

There will be no irreversible or irretrievable commitments of significant resources as a result of the
use of Ni%® switches.

16




4.0 GLOSSARY

C Centigrade

CFR Code of Federal Regulations

Compact The Compact of Free Association

Curie A special unit of radioactivity. One curie equals 3.7 x 10%° disintegrations

per second.

DOD Department of Defense

DOPAA Description of Proposed Action and Alternatives

EFI Exploding Foil Initiator

Environmental

Assessment (EA) A concise public document in which a Federal agency provides sufficient

analysis and evidence for determining the need for an Environmental Impact
Statement (EIS) or Finding of No Significant Impact (FNSI). EAs provide
agencies with useful data regarding compliance with the NEPA and are an
aid in the preparation of an EIS.
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Environmental

Impact Statement

(EIS) A detailed analysis of environmental aspects of a proposed project that is
anticipated to have a significant effect on the human environment.

EPA Environmental Protection Agency

ERIS Exoatmospheric Reentry Vehicle Interception System; also known as
Exoatmospheric Reentry Vehicle Interceptor Subsystem.

ESQD Explosive Safety Quantity Distance

Exoatmosphere Outside the Earth’s atmosphere; generally considered to be altitudes above
100 kilometers (62 miles).

FNSI Finding of No Significant Impact

ft feet

FTS Flight Termination System

17
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Hz

Impact

km/hr

LMSC

MeV

mi
Microcurie
mm

mph
NEPA

Ni63

NRC

Reentry vehicle

A unit of force equal to the force exerted by gravity near the earth’s surface
to indicate the force to which a body is subjected when accelerated.

Ground-Based Interceptor

g’/Hertz; unit used for power density.

High Voltage Assembly

Hertz is a unit of frequency equal to one cycle per second.

An assessment of the meaning of changes in all attributes being studied for
a given resource; an aggregation of all the adverse effects, usually measured
by a qualitative and nominally subjective technique.

kilometer

kilometer per hour

Lockheed Missiles and Space Company, Inc.

meter

Million Electron Volts

mile

One-millionth of a curie (3.7 x 107 disintegrations per second).

millimeter (one-thousandth of a meter)

miles per hour

National Environmental Policy Act

Nickel radioisotope with a half life of 85 years and a maximum of 0.067 MeV
beta particle energy.

Nuclear Regulatory Commission
The missile portion containing the payload. It is released from the last
stage of a booster rocket or from a post-boost vehicle in a ballistic trajectory

and is designed to reenter the earth’s atmosphere in the terminal position
of the trajectory.

18
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REM

RMI
SDI
SDIO
SDS

Trajectory

U.s.
USAKA

USASDC

Acronym for roentgen equivalent in man. A unit for measuring a dose of
radiation. A REM is equivalent to the amount of ionizing radiation required
to produce the same biological effect in man as one roentgen of high-
penetration x-rays.

Republic of the Marshall Islands

Strategic Defense Initiative

Strategic Defense Initiative Organization

Strategic Defense System

The curved path of an object hurtling through space, especially that of a
projectile, from the time it is launched.

United States
U.S. Army Kwajalein Atoll

U.S. Army Strategic Defense Command
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5.0 AGENCIES CONTACTED

U.S. Department Of The Army

U.S. Army Kwajalein Atoli U.S. Army Strategic Defense Command
APOQO San Francisco, California P.O. Box 1500
96555-2526 Huntsville, Alabama 35807-3801

U.S. Department Of The Air Force

Air Force Geophysics Laboratory
Aerospace Engineering Division
Hanscom Air Force Base, Massachusetts 01731

U.S. Department of Enerpy

Department of Energy

Albuquerque Operations Office Sandia National Laboratories
P.O. Box 5400 P.O. Box 5800
Aibuquerque, New Mexico 87115 Albuquerque, New Mexico 87185

Other Federal Agencies

Nuclear Regulatory Commission
1717 "H" Street, NW
Washington, DC 20555

Contractors
Teledyne Brown Engineering, Inc. Lockheed Missiles and Space Company
Cummings Research Park 1111 Lockheed Way
300 Sparkman Drive Sunnyvale, CA 94088-3504

Huntsville, Alabama 25807-7007

State and Local Agencies

State of California City of Sunnyvale, California
Department of Health Services Department of Public Safety
714/744 P Street P.O. Box 3707
Sacramento, CA 95814 Sunnyvale, CA 94088
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APPENDIX A
Ni®® OVERVOLTAGE GAP SWITCH ASSESSMENT
TECHNICAL REPORT

1.0  INTRODUCTION

This Technical Report provides supportive information, data, and details for the technical
conclusions presented in the Environmental Assessment (EA), "Use of Ni® Overvoltage Gap
Switches in the Flight Termination Systems on Boosters Launched from U.S. Army Kwajalein Atoll
(USAKA)." The sequence of events leading to the selection of a Flight Termination System (FTS)
that makes use of a Nickel radioisotope (Ni%’) overvoltage gap switch(es) is presented. Details
of the design, operation, specifications, production, acceptance tests, and the nuclear radiation data
for the switch are described. Finally, the sequences of the various possible scenarios that may
result from the use of the switches are discussed.

20 BACKGROUND OF Ni%® OVERVOLTAGE GAP SWITCH ADOPTION

When a prototype of the initial Ground Based Interceptor (GBI) firing unit (the Explosive Foil
Initiator) was built and tested, it operated unreliably. Many hardware development problems were
encountered in developing a new firing unit. At that time, the GBI program requirements of
reliability and schedules precluded further efforts to develop a new firing unit.

A subsystem, used for flight termination aboard the U.S. Navy’s Trident missile was found to be
operationally suitable for use in the GBI FIS. The Trident System contains a firing unit with a
radioactive switch that has electrodes plated with a thin layer of metallic Ni%® isotope. The
component contains argon gas that is continuously ionized by the beta particles emitted by the
Ni% into the space between the electrodes (Figure A-1). This ion cloud allows consistent current
initiation when a high voltage pulse is applied to the electrodes.

The Trident firing unit was adapted to the GBI vehicle with minimal redesign. Specifically, the
High Voltage Assembly (HVA) circuit boards (with their various components in place, including
the Ni® switch) were integrated into the new firing unit. In this way, both scheduling and
operational requirements were met. The firing unit consists of three segments, the Premature
Separation Module, the Trigger Circuit, and the HVA (Figure A-2). A photo of the GBI vehicle’s
second stage with firing units attached is shown in Figure A-3.

The integration of the FTS into the GBI vehicle follows the following sequence (Mercado, 1990a):

n The Destruct Initiation Unit (DIU) to be used for the subsystems is obtained from the
Navy.

] The necessary parts (HVA) are removed from the DIU and integrated into the new GBI
firing unit.
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] The firing unit is bench tested, installed into the FTS, and subsystem tested for proper
operation.

n The FTS is installed into the GBI vehicle.

These activities are conducted at the Lockheed Missiles and Space Company (LMSC) facilities,
Sunnyvale, California, and at Meck Island, USAKA.

3.0  Ni® OVERVOLTAGE GAP SWITCH PRODUCT SPECIFICATIONS

The Ni%® switch is manufactured by EG&G, Inc., of 35 Congress Street, Salem, Massachusetts
01970 (J. Suty, Pers. Comm., 1990). It is labelled Tube Type EGG328986. The isotope is metallic
Ni%, which is plated onto the electrodes (Figure A-1) by New England Nuclear Corporation of
Boston. The total deposition in a single device is 40.0 microcuries. The Ni% switch was designed
and developed by Sandia National Laboratories (SNL), Albuquerque, New Mexico. The Ni®®
switch is used in many applications, in addition to the Trident and GBI programs. SNL established
the product acceptance specifications and supervises the manufacture of the product by EG&G.

In its essential features, the Ni% switch (Figure A-1) consists of a ceramic cylinder, approximately
nine millimeters (one-third inch) in diameter witn a wall thickness of approximately one millimeter
(0.04 inches). One end is a flat, iron-nickel surface; the other has a nickel cap. Two lateral
electrical wires connect to the cylinder. Its overall length is about 13 millimeters (one-half inch).
It is filled with argon gas and is imprinted with an Occupational Safety and Health Administration
(OSHA) Standard Radiation Warning Label.

During development, models of the switch were tested at SNL up to a hydrostatic pressure of
20,000 pounds per square inch (psi) (Soutar, 1990). Test specifications established by SNL are
carried out by EG&G on samples from all production batches of the switch. The tests include:
1) misfire resistance under a series of high voltage pulses (up to 1,500 volts); 2) temperature cycles
with a variation from 97°C to -55°C, and quickly returned by plunging from one bath to the other
(15 second soak time); 3) mechanical shock of 3,500 g intensity and one-half thousandth second
duration, in each of six perpendicular directions; and 4) random vibration, with a constant power
density of 0.6 g?/Hz, ranging across the vibration spectrum from 50 Hz to 3,000 Hz, in each of
three perpendicular directions.

40  Ni®® NUCLEAR DECAY SCHEME

The relevant nuclear properties of Ni%® are shown through the use of a diagram called a Nuclear
Decay Scheme (Figure A-4). As shown in the diagram, the isotope emits beta particles (which is
the process of beta decay) with a maximum energy of 0.067 million electron volts (MeV) and a
half-life of 85 years (ORNL, 1973). This process results in the transformation of atoms of
radioactive nickel into non-radioactive copper.

The energy of the Ni% beta particles is relatively low. Most beta particles emitted by various
radioactive isotopes have considerably more energy, with many having energies greater than 1.0
MeV. For a radioisotope to have a half-life of 85 years means that a radiation activity of 40
microcuries at the present time will decay to 20 microcuries in 85 years.

A-5
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50  GENERAL BETA PARTICLE KINETICS
5.1 Range of Beta Particles

The energy of the beta particles is fundamental to their ability to penetrate, which is called the
range. The mathematical equation used to calculate this quantity (USDHEW, 1970) is:

R = 412 E 1-265- 00954 In E
FOR 0.01 MeV < E < 2.5 MeV
WHERE:

R = RANGE IN mg/cm ?

E = MAX. 8 ENERGY (MeV)
Applying the beta particle energy of E = 0.067 MeV, R = 412 (0.067 MeV)"2650.0934ln 0067 Met,
or R = 6.7 mg/em”.
The value of the range, in this form, permits the calculation of the distance travelled in any
material by dividing the above result by the density of the material. For ceramic, the density is

approximately 4500 mg/cm®. Therefore:

R, = 6.7 mglem® = 0.0015 cm (0.0006 inches)
4500 mg/cm’®

For air, the density is 1.293 mg/cm®. Therefore:
R,, = 6.7 mglem® = 5.18 cm (2.04 inches)
1.293 mg/em®

For skin, the thickness is about 0.018 cm and the density is approximately 1560 mg/cm® (Mader,
1985, USDHEW, 1970). Therefore:

Ry, = 6.7 mg/em® = 0.0043 cm (0.0017 inches)
1560 mg/cm’

For water, the density is approximately 1000 mg/cm®. Therefore:

Ryper = 6.7 mglem® = 0.0067 cm (0.0026 inches)
1000 mg/cm’




B R E

Finally, the switch cap is made of ordinary nickel. Nickel has a density of 8900 mg/cm’.
Therefore, the range of beta particles into the switch cap is:

Ry = 6.7 mg/lcm® = 0.00075 cm (0.0003 inches)
8900 mg/cm’

From these foregomg calculanons it can be concluded that the beta radiation cannot penetrate the
walls of an intact Ni% switch. In addition, if a switch is fragmented or pulverized, proximate
exposure to the isotope material is limited to an air distance of about two inches and a water
distance of 0.0026 inches. Finally, direct deposition of the isotope metal on the skin is also
innocuous, since the beta radiation cannot penetrate the human skin. In conclusion, biological
damage can only result through Ni% intake (i.e., ingestion or inhalation).

5.2 Radiation Dosage
In the case of a single-event intake (ingestion or mhalat10n) of Ni%, a calculation may be made

that indicates exposure of an individual to the Ni®® radiation. This exposure dosage is calculated
using the following equation (USDHEW, 1970):

w)
I

73.8 E T g C (1-e Ve T)

D = BETA RADIATION DOSE (RADs)

E = AVERAGE ENERGY OF BETA PARTICLE RADIATION (MeV)
= EFFECTIVE HALF-LIFE (DAYS)

C = MICROCURIES PER gm OF TISSUE (MICROCURIES/gm)

t = EXPOSURE TIME (DAYS)

Xeff = EFFECTIVE DECAY CONSTANT (DAY ~1 )

The calculation is based on a quantity called the effective half-life, (T,g) (USDHEW 1970). The
biological half-life (Tb) is a measure of the time that metallic mckel remains in the body after
intake. For nickel, it is found that two-thirds of the intake is excreted immediately (ICRP, 1978).
The remaining one-third has a biological half-life of approximately 1,200 days. The effective half-
life derives from the biological half-life and the radioactive half-life(T;,). The effective half-life
takes into account the significance of the exposure, based on both T, and T, ,.

These are combined in the following equations:

A-8



T, = (Ti) (Ty)
(Ty2) + (Tp)
Aeff = 0.693

Tey

WHERE:
T;, = RADIOACTIVE HALF-LIFE OF ISOTOPE (DAYS)
T, = BIOLOGICAL HALF-LIFE IN THE BODY (DAYYS)

When these equations are worked out using the appropriate data, the values of T, and A . are
obtained:

(3.103 x 10° DAYS) (1.2 x 10° DAYS) = 1155 DAYS

Ty = (3.103 x 10° DAYS) + (1.2 x 10° DAYS)
Ay =  __0693 _ = 0000598 PER DAY = 0.0006 PER DAY
1155 DAYS

From these values and other required data (USDHEW, 1970), the radiation dose received by an
individual after one year can be calculated from the dosage equation. Therefore:

t = one year (365 days)
E = 0.017 MeV (average)

C = 40 microcuries = 0.00057 microcuries/gm
70000 gm (Standard Man.)

D

73.8 (0.017 MeV)(0.00057 microcuries/gm)
(1155 days) [1-c{00061da)(365 dayo))

which results in;
D = 0.16 RAD:s.

This quantity is related to the annual exposure by the following relations (USDHEW, 1970):

Annual Exposure (REMs) = Dosage (RADs) x Q
where Q is a "quality factor" that depends upon *zc type and energy of the nuclear particle

involved. For beta particles of average energy equal to 0.017 MeV, Q = 1.7 (USDHEW, 1970).
Therefore, the calculated number, 0.16 RADs is converted to 0.27 REMs. Since only one-third

A-9




of the radioisotope remains in the body, the actual dosage is D = 0.27 REM/3 = 0.09 REM.
Federal regulations limit the permissible annual exposure to 0.5 REM (10 CFR 20, 1989).

6.0 FLIGHT SCENARIOS

In order to analyze the risk to personnel and property, various considerations must be taken into
account. First, there are three basic scenarios: 1) the test flight that takes place according to plan,
a nominal flight; 2) a terminated flight that, nevertheless, results in the switch remaining intact;
and 3) a terminated flight in which the switch is damaged. Secondly, some considerations apply
to all of the scenarios. For example, the pathways by which the Ni®® can be a hazard will ditfer
according to the scenario, but the actual potential damage mechanisms are essentially the same.

6.1 Nominal Flight
In a nominal flight, ground operations will be in accordance with ground safety procedures.

As discussed in Section 3.1 of the EA, the spent stages in the course of a nominal flight will be
deposited in the broad ocean area. The switches will be enclosed in the spent booster sections and
with shock resistance of 3,500 gs (SNL, 1990), the switches will remain intact. During development
testing, the switch withstood pressures up to 20,000 psi. This data can be used to estimate the
depth into the ocean to which it can descend without crushing: 34 feet of water depth corresponds
to 14.7 psi. Therefore:

Non-Crush Depth = 20000 psi x (34 feet) = 4.6 x 107 feet (8.8 miles)
14.7 psi

The broad ocean area off the USAKA ranges in depth from about 4.8 km (3 miles) to 5.6 km (3.5
miles) (DMA, 1986). Clearly, intact switches will not be crushed.

There is an unlikely possibility that the reentry of the booster second stage will result in
aerothermal burnup. This could result in the pulverization of the switch. The material, at high
altitudes, disperses readily, as indicated in the calculation of air concentrations in Section 6.3.

While the switches remain intact on the ocean bottom, at first the radioactive material will be
unaffected. Sea water, however, affects most metals, including nickel; but it is considerably less
reactive than various acids and, eventually, the metallic ends of the switches will corrode. The
nickel electrodes will then begin to react with the sea water and diffuse while dissolving.

The corrosion rate of nickel in sea water is found to be 0.0025 mm/year (Shreir, 1977). The top
cap of a switch is the thinnest metal possible exposed to the water. Its thickness is 0.2 mm. The
time to penetrate through the cap is therefore:

Time = 0.2 mm = 80 vears
0.0025 mm/fyr
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This would be the time for the cap to corrode and the radioactive electrode plating to be exposed
to sea water and, in turn, dissolve. The time for the plating to dissolve will take approximately
three days. The calculation is as follows (the plating thickness is 0.00002 mm):

Time = 0.00002 mm_ = 0.008 yr = 2.9 days
0.0025 mm/fyr

In addition, since Ni® half life is 85 years, the remaining radioactivity after 80 years will be
approximately one-half of the original activity.

The permissible concentration in water for Ni®® is 3 x 10~ microcuries per cm® (10 CFR 20, 1989).
While the dissolving process of the Ni® must occur over a period of time, a worst-case assumption
would be that the four switches corrode simultaneously and that the Ni® emerges into the
surrounding sea water without delay. In this sequence, the dispersion of the 160 microcuries
(worst case) will decline to below the permissible concentration when the sphere of dispersed
material reaches a radius 1.1 meters (3.6 ft) calculated as follows:

3
_ 3m
r= 4T C
WHERE :
r = RADIUS OF SPHERE CONTAINING WATER COMELIANCE CONCENTRATION

m = TOTAL MASS OF RADIOISOTOPE

C = LEVEL FOR WATER COMPLIANCE
USING THE APPROPRIATE DATA FOR WATER:

1/3
_( (3) 160 Microcuries ) - 1.1 Met _36F
(4) (3.141) (30 Microcuries/m 3) = 1.1 Meters = 3.0 Feet

Once first stage separation occurs, two of the switches are removed from consideration with the
first stage booster. Based on the above calculations, if the switches fragment and drop to the
bottom of the ocean, the 80 microcuries of Ni®® would disperse to below the acceptable limit (10
CFR 20, 1989) of 3 x 10" microcuries per milliliter after reaching a radius of approximately 0.85
meters (2.8 feet) from the switch or fragment location. This value is smaller than the previous
value, due to the lower quantity of Ni%’ and would in actuality be very much smaller because of
the distance between fragments.

6.2  Destruction with Overvoltage Gap Switches Intact

The vehicle may inadvertently be terminated on the pad, or alternatively, be terminated by the
range safety officer at any time from lift-off to burn-out: there are two possibilities considered for
the purpose of this study. For the first possibility, in the event of destruction in the pad silo, the
vehicle will remain within the pad area, or the winds may take some residual vehicle debris into
the lagoon area. Intact switches may be deposited in the silo area, and may be retrieved and
handled safely, in accordance with safety procedures. If retrieval efforts fail, the switches may
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remain intact indefinitely and pose no hazard to personnel, the ecology, or property. The
probability of residual debris falling into the lagoon, however, is 1 x 107 or less (SRS, 1989).

For the second possibility, termination will occur after lift off. During flight, the operational
sequence for activating the FTS (Figures A-2 and A-3) to carry out a destruct action is:

] Alternating Current input voltage is stepped up to 3,400 volts and used to charge the High
Voltage (HV) capacitor through a full-wave rectifier.

] The trigger transformer arcs across the Ni%® overvoltage gap switch after receiving a trigger
signal.
] Switch arcing initiates the discharge of the HV capacitor across another (nonradioactive)

switch to an ordnance detonator that initiates flight termination.

n The ordnance train ends at the linear shaped charge located along the length of each
booster motor (Figures A-2 and A-3). The case of each motor is split open by the action
of the charge and the internal pressure of the exhaust gases, which terminated thrust. The
location of the firing unit subsystem is further away from the booster motor with respect
to the linear shaped charge (Figures A-2 and A-3) and minimizes the effect of the explosive
charge.

The debris produced by vehicle destruction, containing the intact switches, will splash down in the
broad ocean area. Splash-down into a marine area will result in the sequence as described in
Section 6.1, above.

6.3 Destruction with Overvoltage Gap Switches Damaged

In the event of overvoltage gap switch damage during ground or flight operations, fragmentation
or pulverization may occur. Although no evidence exists to indicate that the switches can pulverize
in the event of a terminated flight, calculations may be made to evaluate the effects of the
particles, as a worst-case consideration.

6.3.1 Fragmentation

Physiological studies of inhalation of particles show that particles 10 micrometers in size or larger
are trapped in the naso-pharyngeal area and promptly expelled (ICRP, 1978). While this effect
cannot be calculated, the result would be to reduce the amount of particulate isotope inhaled.
Therefore, the actual body absorption of radiation will be a fraction of the original amount of the
isotope.

In the event of termination on the launch pad with the switches fragmented, they will be ejected
into the immediate area. Fragments in the launch pad area may be located using radiation
detection survey equipment and retrieved, in accordance with ground safety procedures.

The potential for intake of fragments of switches, again, is mitigated by several considerations.
Vehicle destruction during boost could result in a wide dispersion of fragments in the atoil lagoon

A-12




or the broad ocean area. Intake by personnel would only be by ingestion along the food chain.
Direct ingestion is extremely improbable. Ingestion via animal consumption in fragment form is
likewise extremely improbable. Finally, dissolving of nickel fragments in a marine environment is
a process slow enough to allow the water to reduce the concentration level below 3 x 10

microcuries per cm’ as stated in Section 6.1.

6.3.2 Pulverized Switch Dispersion Without Wind

If it is assumed that all four switches aboard a vehicle are pulverized by an explosion in the launch
pad silo, then the 160 microcuries of Ni%® will expand into a sphere. The concentration of Ni®®
inside this sphere will decline as it expands. The Nuclear Regulatory Commission (NRC)
concentration limits for air is 1.4 x 10> microcuries per m® (FR, 1989). The radius of the sphere
that contains this concentration is given by the same equation as shown in Section 6.1:

3
_ Im
r= 4T C
WHERE :
r = RADIUS OF SPHERE CONTAINING AIR COMPLIANCE CONCENTRATION
m = TOTAL MASS OF RADIOISOTOPE
C = LEVEL FOR AIR COMPLIANCE

USING THE APPROPRIATE DATA FOR AIR:
1/3

= 140 Meters = 460 Feet

_ ( (3) 160 Microcuries
(4) (3.141) (1.4 x10™9Microcuries/m3)

The Explosive Safety Quantity Distance (ESQD) for the GBI program is 1,250 feet and no
personnel will be allowed within this concentration limit at the time of launch. Therefore,
inhalation of Ni® will be in concentrations below the established compliance criteria.

6.3.3 Pulverized Switch Dispersion with Wind

If the booster self-destructs within the launch pad area, the debris will fall within the 1,250 feet
ESQD allowed by range safety. A possible scenario could be complete pulverization of the
switches. The resulting expanding cloud of pulverized material would dilute the levels of
radioactive substances to below allowable release limits. Recently published Environmental
Protection Agency (EPA) Concentration Levels for Environmental Compliance indicate that when
the spherical cloud enclosing the Ni® reaches a radius of about 140 meters (460 feet), the
concentration level for the Ni®® falls below the compliance level (FR, 1989) of 1.4 x 107
microcuries per m®. This value occurs well within the 1,250 foot ESQD. Therefore, the chance
that radioactive dust from the small cloud would be inhaled while above the concentration limit is
small, due to the dilution that would take place within the ESQD. The presence of winds would

Fismtlamea Aileiin thin Ammnnmbends e
AULLLILL ULIUWG LI VUMINALILL ALV

The dispersal of the pulverized switches during flight destruction at any launch altitude can be
calculated utilizing the techniques by Hay and Pasquill (1957). The formulation is based on
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experimental evidence that the vertical distribution of spreading particles from an elevated point
is related to the standard deviation of the wind elevation angle o, at the point of release.
Formulations based on this theory result in a diffusion equation, incorporating standard deviations
of Gaussian distribution: ¢, for the distribution of material in the plume across wind in the
horizontal, and o, for the vertical distribution of material in the plume. Further refinement by
Pasquill (1961) results in a method for estimating diffusion when detailed wind data are not
available. This method expresses the height and angular spread of a diffusion plume in terms of
more commonly observed weather parameters. Curves of height and angular spread as a function
of distance downwind are given for various stability classes. These stability classes are directly
related to the wind speed at ground level.

Tradewinds from the northeast dominate the weather patterns at USAKA for most of the year, but
are strongest from November tc June (USASDC, 1989). Summer winds tend to be weaker with
some slack periods. The prevailing winds at Kwajalein Atoll blow from the northeast or east with
an average velocity of 16 mph during the winter months, decreasing to 9 mph by late summer.
Strong winds tend to increase atmospheric dispersion of air pollutants. The prevailing conditions
are fairly consistent, occurring 80% of the time. Wind data for Kwajalein have been collected and
are available from three sources: (1) Summary of synoptic Meteorological Observations-Area 9,
by the U.S. Naval Weather S=rvice Command; (2) U.S. Air Force Weather Service; and (3) Local
Climatological Data (USASDC, 1989). One calculation will assume a wind velocity of 2.2 mph that
represents the most conservative case since as indicated above, atmospheric dispersion is increased
with stronger winds. Another calculation assumed an 18 mph wind to represent a stronger wind
condition.

The concentration, K, of particulates (a situation in which a switch is essentially vaporized) at the
location xy,z (Figure A-5) from a continuous source Q (microcuries/sec) at an altitude of
H(meters) is given by the following equation:

K (x,y,27H) 2 : (*Y
X 1 27 = ———cX - =
Y 2mo,0,u | 2\a
1 z—l;a 2 1 z+H)
- — + — —
exp 5 (0_Z exp[ 5 ( o_z

The parameters describing this calculation are the following:

Q = 160 (microcuries/sec) Concentration

X = 400 (meters) distance downwind

y = 0 (meters) distance cross wind

z = 0 (meters) distance vertical to ground
A-14
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oy, = 300 (meters) horizontal dispersion coefficient (function of distance downwind)
o, = 1,300 (meters) vertical dispersion coefficient

H = 8,000 (meters) height above ground location of source

u = 3.6 km/hr (2.2 mph) wind velocity and u = 30 km/hr (18 mph)

K = Concentration of particulates (microcuries per m’)

The calculation for 3.6 km/hr (2.2 mph) wind resulted in a value of:

K = 7.81 x 10"® microcuries per m’

3

023 microcuries per m®.

at 80 microcuriesfsec, K = 3.90x 1

The calculation for 30 km/hr (18 mph) wind and a 160 microcurie/sec source resulted in a value
of effectively:

K = 9.37 x 10" microcuries per m®

at 80 microcuries/sec, K = 4.69 x 10”4 microcuries per m’.

These parameters arc a conservative estimate since in this calculation, the source of 160
microcuries/sec, represents a continuous source, whereas the actual source would be a pulse of
much shorter duration. The result is still well below the compliance level (Federal Register, 1989)

of 1.4 x 10~ microcuries per m’.
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C
CFR
cm

Curie

DIU

Environmental
Assessment (EA)

EPA
ESQD

FTS

Hz
km
km/hr

LMSC

7.0 GLOSSARY

Centigrade
Code of Federal Regulations
centimeter (one-hundredth of a meter)

A special unit of radioactivity. One curie equals 3.7 x 107 disintegrations
per second.

Destruct Initiation Unit; used in Navy missiles

A concise public document in which a Federal agency provides sufficient
analysis and evidence for determining the need for an Environmental Impact
Statement (EIS) or Finding of No Significant Impact (FNSI). EAs provide
agencies with useful data regarding compliance with the NEPA and are an
aid in the preparation of an EIS.

Environmental Protection Agency

Explosive Safety Quantity Distance

Flight Termination System

A unit of force equal to the force exerted by gravity near the earth’s surface
to indicate the force to which a body is subjected when accelerated.

gram

Ground-Based Interceptor

g*/Hertz; unit used for power density

High Voltage

High Voltage Assembly

Hertz is a unit of frequency equal to one cycle per second.
kilometer (one thousand meters)

kilometer/hour

Lockheed Missiles and Space Company, Incorporated
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m meter
s MeV Million Electron Voits
mg milligram (one-thousandth of a gram)
] Microcurie One-millionth of a curie (3.7 x 10* disintegrations per second).
mm miilimeter (one-thousandth of a meter)
1 mph miles per hour
Ni%? Nickel radioisotope with a half life of 85 years and maximum 0.067 MeV of
beta particle energy.
: NRC Nuclear Regulatory Commission
OSHA Occupational Safety and Health Administration
psi pounds per square inch, a unit of pressure
RAD Unit of Absorbed Radiation Dose
REM Acronym for roentgen equivalent in man. A unit for measuring a dose of

radiation. A REM is equivalent to the amount of ionizing radiation required
to produce the same biological effect in man as one roentgen of high-
penetration x-rays.

SNL Sandia National Laboratory

USAKA U.S. Army Kwajalein Atoll
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FEB G 1999

Lockheed Missiles and Space Company, Inc.
1111 Lockheed Way

Orgn: 47-20, Building No. 106

Sunnyvale, California 94089

Attention: Mr, J. Freeman
Executive Vice President; Finance/Administration

Gentlemen:

NRC no longer has jurisdiction in the Marshall Islands, dué to their new
independent status.,

If we did have jurisdiction, we would issue a license to Lockheed Missiles
and Space Company, Inc. based on their letter which was sent to us by
facsimile on February 6, 1990. The license would be similar to terminated
License 04-01964-11.

[f there are questions concerning these matters, I can be contacted at
(415) 943-3765.

Sincerely, )
. - . ;I a0 b
ﬁéﬁ(‘(/ Al ~

Beth A. Riedlinger
Senior Health Physicist
(Licensing)
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DEPARTMENT OF THE ARMY

HEADQUARTERS, U.3, ARMY XWAJALEIN ATOLL
BOX 28, APO SAN FRANCISCO 9448

CSSD-KA-RS (385-1le) P38 FEp 1y

MEMORANDUM FOR CSSD-GI

SUBJECT: ERIS DA Radiation Permit - USAKA Approval

1. USAKA has received DA Approval, Enclosure 1, of the Lockheed
requested radiation permit. Strict adherence to the stated
permit requirements and controls by lLockheed is essential to
ensure adequate operational safety. Although this provides the
necessary safety approvals for the entire operation at USAKA,
other complications presently necessitate conditinnal
operational approval by USAKA.

2. Limited USAKA approval is hereby given to Lockheed to bring,
store, chackout, and test the permitted material at USAKA.

Final approval to fly the ERIS missile from USAKA is withheld
pending final resolution of environmental concerns and actions

by your office.

Encl PHILIP/R. HARRI
Colonel, EN
Commanding

CF:

CSSD-GI-T

CSSD-GI~U

CSSD-50
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CSSD-SO (385-104d) 14 Feb 90

MEMORANDUM FOR COMMANDER, U.S. ARMY KWAJALEIN ATOLL, P.O. BOX 26
APO SAN FRANCISCO 96555

’

SUBJECT: Department of Army Radioactive Permit Number
P52-01-04-Lockheed Missiles and Space Co., Inc.
1. Enclosed is the original of subject permit.

2. Point of contact is Mr. Joseph Klevogn, AUTOVON 788-4801.

Encl PHI¥IP R. OWEN

Chief, Safety Cffice

Cr:
CSSD-KA-RS (2)

~/CSSD-GI
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' . DEPARTMENT OF THE ARMY ST,
: Q\«W% HEADQUARTERS, U S, ARMY MATERIEL COMMAND P) 1
- 5001 EISENHOWER AVENUE, ALEXANDRIA, VA 22333-0001 s 4
i '
e - o
AMCSF-P 2 February 1990

MEMORANDUM FOR Camander, U.S. Armmy Strategic Defense Camard, P. 0. Box
1500, ATIN: CSSD-SO, Huntsville, AL 35807

SURJECT: Department of the Army Radicactive Permit Number P52-03-04 -
Lockheed Missiles and Space Co., Inc.

1. Forwarded is subject permit. The permit authorizes use of Nickel-63 in
electronic gap switches contained in the Exoatmospheric Reentry Body
Interceptor System at Rwajalein Missile Range. Please forward the original
permit to Lockheed Missiles and Space Co., Inc.

2. Point of contact is Ms, Patricia Elker, AUTCVON 284-5476.

FCR THE COMMANDER:

%
Encl (2 cys) W, L25
ief

Safety Office

CF (w/encl):
EQDA (SGPS~2SP-E)
Director, USAMC Field Salfety Activity, ATTM: AMXOS-PE
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DEPARTMENT CF THE ARMY -
AUTHORTTY FCR
POSSESSION AND USE OF RADICACTIVE MATERTALS

In reliance on statement and representation made by the applicant, authority
is hereby granted to receive, produce, transfer, possess, use and store the

material (s) designated in Item 5. This authority is subject to conditions
specified below.

Activity Granted Authority

(%)
.

Authorization/Permit No.,
1. Name: Lockheed Missiles & Space Co., Inc. P 52-01-04

2. Address: EKwajalein Missile Range
Kwajalein, Marshall Islards

4, Expiration Date:

31 Jamuary 1993

5. Material & Mass Numper 7. Quantity Limitation

Physical Form
a. Nickel~53
electrenic gap

switch; 4 per

I
l

. |

a. Metallic nickel la. 40 microcuries per

l
l
| circuit board
|

I
l
|
[
| electrcplated
|
|
[

8. Authorized Use:

a. Used in the Exocatwospheric Reentry Body Interceptor System

Corditions

o, Unless otherwise specified, the authorized place of use is as statad in it
2 abcve.

10. Upon caroleticn of project, Lockheed Missiles and Space Co., Inc. shzlil ke
respensible for deccontamination and restoration of premises to original
conditicn for unrestricted use based on NRC criteria.

11. Local disposal of radiocactive waste is not permitted.

12. Disposal of radicactive sources will be I2W Federal ard local regulations.

13, Unless specifically provided otherwise, the materials listed in items 5, 6,
and 7 shall be possessed and used IAW statements, representations, arnd pro-
cedures made in application DA Form 3337, dtd 1 Jan 90, signed by J. C. Suty,
V. P. Cperations; Title 10, Code of Federal Regulations; and AR 385-11.

—h

APTROVED

DARWIN N. TARAS

Chie
OfE3es
DATE: 2 February 1990 . _ M :

AMC Form 2180-R, 1 Mar 85 (ADI‘EMI.ZED'SI@NE?TURE
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l December 27, 1989
Date

4cate 0. C.lllfomla-Hulth and Walfars Agency Departmant of Heaith Servicet

1 1

Page of pages
' 0169-43
RADIOACTIVE MATERIAL LICENSE Ueente Number =

Supplementary Sheet

Amendment Number __________

Lockheed Missiles and Space Company, Inc.

o - .
Radiation Control Program uArETYRECORSS f.DM'f
1111 Lockheed Way, 0/47-20, B/106
Sunnyvale, CA 94089 JAN ()8 1990
Acttention: George M. Tomer, Chairman AR o ,.\p‘&?
Radiation Control Committee 780N 142,343y

£

License Number 0169-43 is hereby amended in part as follows:
To add:

13. (k) The letter with attachments dated December 5, 1989, signed by J. Freeman,
Executive Vice President. .

To read:
14, (a) The radiation safety officer in this program shall be Donald P. Mercaco.
(b) The chairperson o the radiation safety committee shall be George M. Tomer.

(c) The alternate radiation safety officer shall be Sceve Souza.

e Radiologic Health Branch  »
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Alale 0 TaNIMII—t4eith 400 Weltare AGer
' . Oepartment of Heatn Serviges

l! Pace 1 ol._._____,.:“
f I RADIOACTIVE MATERIAL LICENSE Leante numeer, 3169243
l Supplemeniory Sheet .Amudmu( Number 51

TR R T T

Lockheed Xissiles and Space Co., Inc.
l Radiation Control Program
1111 Lockheed Vay, 0/47-20, B/106

. Sunnyvale, CA 94089

L

T

4 Attention: A. C. Bammons, Chairman
g Radiation Control Comaittee

l In respozxse to the letter dated July 25, 1988 signed by Donald P. Mercado, License

Number 0169-43 is hereby amended in part as followvs:

*l 2, Address: 1111 Lockheed Vay, 0/47-20, B/106
Sunnyvale, CA 9408% °

dug:est 10, 1988 /

Dote by
i / .
B~7 / - Radiologic Health Branch -
714 P Street, Sacramento, CA 95314

i
= . "
For the State Department of Mealth Service

Are 3551°2,42,



State 4t Ganlornla—meaith and ~Neifare Agencw uCU PI\T‘ONAL

SAFETY & HEALTH
JUN 1 2 1987 Page 1 of -.__§..”___-..«....~na§¢sr

“AM P
) :
78Sk n'%'gzu')&:x'g\‘ss\}g MATERIAL LICENSE

i

Pursuant to the Califarnia Administrative Code, Titie 17, Chapter 5, Subchapter 4, Group 2, Licensing of Rudivactive Matertil, and 1n reliance
on statemeants and representations heretofore made by the licensee, a license is heraby issucd autharizing the licensee to reuiw}. ;J)ic. 0085035,
transfer, or dispose of radiosctive maierial lisied below, and to use such radioactive material for the purpose(s] and at the placels) do:igniiéd
belaw, This license is subject to all applicable rules, regulations, and arders of the Departmenc of Health Services now or herealter in effect and
to any conditions specified in this license,

Desartment of Healtn Sarvicey

TR

B N N N N N EE BE B EEm Em

1" Licensee  Locikheed Missiles and Space Co., [nc.|3 GcencNo.  0169-43 is hereby amended in
Radiation Control Program its entirety. amendment o, SO
3 2. Address 0/47-20, B/122 T I P,
Pl vackihond YWay Naeomber 12, 100}
Sunnyvala, CA 94089 5. Inspection waency - e
Actention: A, C, Hammons, Chaionan Division of Occupational Jafety and
Radiation Coutrol Committee Heal th=-N I
6. Nuclide 7. Form 8. VlPossession Limit
A, 31{ A.  Any A, 600 Ci
B. Auv with atomic B, Any B. 100 Ci

muabers J=33,

C. Any with atomic C. Sealed sources C. 500 ¢Ci
numbers 3-83

D. Any with atomic N. Any D. In0cCi
numburs 84~105 excent
source and 5™

=

Sy

i B M gith atande 1, Neerbesd e (OB TS I B
mninets da-1% Lt
1 l source and SN
: F. Source material F. Any - r. 11,000 Lbs
4 I G. Special auclear G. Any G. 100 ¢m

mazerial (3tM)
] l ff.  sSpecial aeclear H,  sSealed aourcey 1, 10 G
g meorial (TN
L. Radium 2206 L. Foil (NRG Equipmznt L. 25 wmillicuries tutal in
: Corporation) sources not vver 500 uCi
- each
l J. Ytterbium 169 J. Sealed sources (LMSC J. .5 sources not to excoed
A Model 65101) 2.5 Curlies per source
l For the State Department of Health Services

Radinlogic Health Sectiun

3 . v o em— 744 P Stenwt, Sacramentn, CA 95814
- . . . e -
l B-8

_RH 2550 (2/31)
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6. Muclide (continued)
K. Krypton 85

l.. Krypton 35

-
-2
-

Cal iforaium 252

0. Curium 244

Q. Carbon L4

n. =1y with atomic
muabars 3-3J

. Anv owith atomic
niehers 84-105 except
trer e and o qpeejal
nu leav antecial

T. Source material

U. Special nuclear
material

Q.

'r.

Supplemeniary Shect

Form (continued)
Gas

Sealed sources, custom
(General Nucleonics)

Sualed souvee, cuashon
(Isntope Products Lab)

Sealed svurces (USERDA
Model SR-CEF-100D)

Sealed sources (Tsotope
Produces Lab., Model
A =2 -’OID‘C)

Scaled source, custom
(NEN - used in EG&GC
Electron tubes, type
328986)

Sealed source, custom
(NEN = used in EG&C
Elactvon tubes, type
3433L4%)

Irradiated electronic

RADIOACTIVE MATERIAL LICENSE

P,

R.

components, sealed sources,
foils, and electro~deposits

on various substrates.

Sealed swuvces, any
approved make and mod.d

Any

Sealed sources, any
approved make and model

]J'

Department of-Husith-Services

Page 2 _ot_:B__one
Olb9 43

Licene Numuu

Amendment Number 30

Possession Limit (continue

100 Curies

20 sources, not to excead
600 millicuries per source

Y souress, ant to execeaxd
30 millicuries pur sourse

2 sources, not to exceeld

5.2 i per source; tota!

all sources not to exceud
3 Curies

20 gources, unt to exce=2d
2 mil Licuries per sour.z

Cﬂw’ ﬁ‘e.r:
2,500 electron tubesAnct t
exceed 40 uCi per tube,
total all tubes not to
exceed 100 millicuries

axceed 85 microcurises
tuhe, total ant to exed
0 ait L icuries

1,050 electron tubes ncs t

100 millcuries total in
snurces not to exceed I3
mi b Tieuring pe2e source

10 millteveing cotal in
Sontreed pat ko eseee ! o

i i prar stadree

20 pounds total

l gram

Total not to exceed

May 20, 1987

Dote

For the State Oupartment of Health Services

by

ftH 2551 (2/02)

Hadioloyic Health Branch 1

B~-9

~14-P Steeet, Sacramento, CA 95814




State of Catltarnisa~realth and Wetlare AQendy

RADIOACTIVE MATERIAL LICENSE

Supplenentary Shect

6. Nuclide (continued) 7. Form (continued) 8. Possession biﬁfgﬂ géﬁfinu35
V. Cobalt 60 V. Sealed sources (AECL . V. Source array, total not to
Modal C198) exceed 2,700 Curties

Y Aurhavized Uaso

Ao=E. fo be used for rescarch and development as defined hy Section 30175 (J) of
California Radiation Control Repgulations, Calibration of Tnstruments and
[rradintion of Missile and Satellite Components,

F. To be used for research and development as defined by Section 30175 (J) of California
Radiation Control Regulations, and for fabrication of components, including machining:,
forming, welding, and quality control testiny.

oo Te b usad for research and development as defined by Section 30175 () of Galifoeni.
Radiation Control Regulations, and for use as fission foils and components of ission
detector instruments.

H., To bLe used for calibration of Instruments.
I. 'To be used as cemponents of NRC equipment Alphatron gauges.

J. To be used in Lockheed Missiles and $pace Company's Rad{ographic Exposuce Device
HModel 5032239 for Industrial Radiography. -

k. 00 be used {n an LSO Vac Engineering Corporation leak test system Model ¥ o Lank

testing of components.

L. o b2 used an components of gauging systems on satel bites, neluding tnstalfation of
sources and socevieing of gauging systems,

doo i ir: used for calibracion of instruments,
e To bee used inogn TRP Corpocation cuitom prajeciar dvo et eon muebiog aphy,

G, Lo he used For ealibeation o experimental propovtiona! conuters.

P.-Q. ‘Lo be used for assembly of tubes futo peiated cireuit boards, coated with
WY/Siticon scealed {nto a metal enclosurn and eoacasel na Elnal use containez,

-5 the Sate [Yepartmeant of Health Services

Date_ 1y 20, 1987 .. . 7 by

B-10 Radiolngic Health Branch I |
M 2351 (2/87) i 714 P Street; Sacramento,-CA 95814,
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State of Caltiornia—resith ana Neitare Agency Department ol Heslth Services
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9., Authorized Use (continued)

R.-U. Calibration of instruments that are flown on missiles or spacecraft; irradiation
testing of electronic hardware; electronic testing of irradiated hardware.

V., To he used in an ARCL Irradiator, Model Gamwacell 220, for irradiation studies of
matorials s specifled in Condition 13 of this lLicense, as applicable.

10, (a) Radioactive material described in this license may he used, as specified in
Condition 13, at the followinz locatiouns:

(1) 1tll Lockheed Way, Sunnyvale, California.

(2) 3251 Hanover Strect, Palo Alto, California.

(3) 3170 Porter NDrive, Palo Alto, Califovrnia.

(4) 32 Draggett Drive, San Jose, California.

(3) 227 Curtis Avenue, Milpitas, California,.

() 45 Plumeria Drive, Sa», Jose, California,

(7) 930 Remillavd Court, Saun Jose, California.

(8) 940 Remillard Court, San Jose, California.

(9) Saata Cruz Facility, Rural Station Road, Santa Cruz, California.
(10) 3380 North Harbor Drive, San Diego, California.

(b) Radioactive material described in Subitems J, R, S, T, and V may also be used
at temporary job sites of the Licensee in areas not under exclusive federal
jurisdiction throughuut the State of California.

L1, This license is subject to an annual fee for sources of radivactive matecial
authiorized to be possessed at iy or (uwe as specified in Item 8 of this Llicense.
The annual fee for this license is required by and computed in accordance with
Sections 30230-30232 of the Californin Radiation Control Regulations and is also
subject to an annual cost-of-living adjustment pursuant to Section 113 of the
California Health and Safety Code.

12. Radioactive material described in this License may b: nzed as followus:
(1) For all Subitems (ezeept abitem 2), radioaetive saterial s be o used by,

or under the supervision of, any qualificd person as designated in writing
by the Radiation Control Committee.

For the State Departiment of Heaith Services

Date May 20, 1987

by —
Radiologic Health Branch )
AH 2331(2/82) B-11 714 P Street, Sacramento, CA 95814
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(b) Radiocactive material described in Subitem K of this license may be used by
individuals as follows:

(1) Matintenance and rcinr of I80 Vac Engineering Model V leak testing units
shall bhe puerformed only by individuals specifically authorized to perform
that service.

(2) Transter of Krypton 85 co or trom IS0 Vae Engineering Model V Leak testing
units, amd use of Keypton 85 la ISO Vac Engineering Model V leak testing -
units In any mode other than automatic mode, shall he performed only by,
or umder the supervision and {n the physical presence of, individuals who:

(1) Have reecivnl a certificate of satisfactory completion of a course
fn all operations of leak testing unfts contatinlng Keypeon 85, such
conrse comducted by a peeson | leensed to use Keypton 85 for thae
purpose and

(Li)  tave been deslgnated, o writling, by the ridiation safety officer au
il i Flad to use Krypton 85 (n chese manners,

(3) Use of Krypton 85 In ISO Yac Engineering Model V leak testing units in
automatlc mode und for testing components removaed from such units for
amvunt of vadisactivity, shall be performed only by or under the supervigic-
and in the phvsical presence of individuals who have been designated, {n
weiting, v the roliation safety officer as qualified to usé Keypton 85 in

LI o' avaee ‘

Nzaeps as soeeifically oraviled otherwise by this license, the licenses shall
posLeess and ace ratc Loase material described in Icems 6, 7, and 3 of this
Picenss in aecordmee vith statenencs, f?PfOS&ﬂfﬂC‘\ﬂ%. and nrocedures contained
fn the doensents Visted 5 tou, The Departeent' s vequlations shal? aoveritountoa s
Lite statements, tupcoaeaiations, ad peocadures o the Llicensee's applicazion .
corruespondonce are tore restrictive than the vegulasions,

-/.u) The applleation Coieh i tachaenes) datad tetobar o, 1980 gigned by G, R o

thy fhe lers e oo cn et dte D septamber o0 D0t il by lienee WL e

/

«(c) The letters (with attachments) dated May L, 195 and inne 11, 1986 signed Ly

C. R. Scanlon and \. 7. Hammony respectively,

”

(d) The letter (with attchments) Jdated September 25, 9806 signed by A, €, Hammons,

» (2) The letter dated Ouctuber 4, 1984 signed by €. R. Scanlon.

Dote_MHay 20, !987‘ — . b.y

s o mmassiaey I . B=12 714:P-Streer; Sacramento, CA-

For the State. Qeoaiimem of Heaith Sirvicei »

Raduolognc Hulth Bnnch
5814
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' v (f) The letter (with attachments) dated November 17, 1986 signed by A. C. Hammons.
/(g) The letter duted November 26, 1986 signed by A. C. Hammons.
. Vv (h) The letter (with attachment) dated December 9, 1986 signed by A. C. Hammons.

' vy Phe lertes tuith ottt echments) dared Jianary 16, 1987 signed by A, €. Hammons,

B R

7 (j) ‘the letter (with attachments) daced April 20, 1987 signed by A, €. Hummons,

3 l4. (a) The radiation safety off.icer in this program shall be A. C. Hammons.
' (h) ‘The chairpurson of the Radiatfon Control Committee shall ba A. C. Hammons.
(¢) The altuenate radiation satety olticaer shall bhe Don P, Mercado,

vl e radtation satety wificer toe the facilicy located at 3380 North Harhor Drive,
San Dlepo, shall be Frank Simpson,

(e) The assistant raliation safety officer shall be Terry L. Vaughn.

Wtwithstanding the authorizations granted in Condition 9 of this ticense, the licensex
is peraitted to fubricate scalued sources only for its own use, provided that:

(1) Fach sealed sourae so Tibeicated does not contain more than 5 millicuriss.

i) Ve Labrecation prucess ks conductel only at the 2510 Hanover Streuwt, ?ialo Alt.,
location.

] l (o) Bach sealed source tabeicated hy the Tloensee shall he inspected and tascal fov

conntenet tun detects, beakage, und contasination peior 2o use or transder 4s o
sealed source, T the ilnspection or test reveals anv construczion defects or

2 l 1,005 aicrocuries or ygreater of contamination, the source shall aot be used or

transtecced s o scaled souree antil fc has been repairad, decontaminates, gl

tetentul,

oo v chiromittograph unics coat tinng titanina teicide foil shall not be operated ac
tempecatures ecxceeding 225 degrees centigriie.

For-the State Dupariment of Health Services

May 20, 1987

Duu T . DY i -

“3'13 ) mdiologncrl;u;tl; Bnnch i _ 1 o
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. Llconse Number,

Amengment Numbes

.

The licensce is authorized to dischacge Keypron 85 to the enviromnment as requivwl
by aormal operatlon of the IS0 Vac Engineeriny Model Mark V leak testing unit

provided that: .

(V)
in any period of 365 days.

(h) Curivs of

port il

than 9
Pi=naar

Hot more
'lll:’

Not more than 200 Curies of Krypton 85 shall be discharged to the environment

rypton 85 shall be discharged to the eavivonment in

The licensce shall within 24 hours notify the California State Department of Haalth

Services, 714 P Street, Sacramento, CA 95814,

more than 5 Curies of Krypton 85 f{in any period of 24 hours.

The Llicensee is herehy granted an exemption
Radtation Control Repulations to the extent
Subitem T of this lLicense may bhe tested for
not to exceed 3 years.

The Llicensce Ly hereby granted an exemption
of California Radiation Control Regulations

to Section 30275 (c) of Califucrniax
that radioactive foils descriked 1in
Lleakage ov contamination at intarvvals

from the requirements of Section 30275
for leak testing of sealed sources of

e
e

not more than 300 microcuries of Thallium 204 provided the licensee performs leak

tests as described in the attachments to the
this license,

applications listad in Conditiun 13 uf

Ali use2s of radioactive material under this license shall he conducted in acenndunce
with the user's application to and sodtfying requl-ewoq‘, of the Radiation Contra’
Commlttee. ‘ivve ravied o factrasura! anlications shal!' {azlade f!.'h‘.'.:‘u;s wieh
Cespueed o naties speects el o Titie B0, Califoraia Aainistrasiva Zada, Se:thn
JOL2, Docuwmentative of theske Sliniings shall He aaintained Sor coview S i

Dopartaent or its anthorized reproaseatatioee,

Thor Licenses 1, fereby cvantel an axeption {rua the requirements of Section 3127,
() (3), Califoenin i{.h.ltll)ll Coitrai ileenicions, to the extent that C' e Loegane
1 anthorized to post the atilied Toea BE 240G, a8 depieted fa the apni-catin.
AL tmet b it e B3 0 b thib . b aie i Vo ot e (gl st s

[ B LTV

a0 bivonnee o5 e 0 it Do cocapd fon tea Whe cregquit o meads W Soerion Ul
{or of Calioraia Jaditeen Yoot Somlations ror leak tesiing ol sealed sourses

desecibed o Sebitam ¥oor this lounse,

Pursmant 2o Sl ffornia Badbrcion Soni ol Regulations, the licenses 2 audhorisad 1o

ponsess up to 99 Eilogeaas U
pucposes of shicelding ur gulltmattnn in
Teem 9 of this iicense.

coem wee + w o imms: cemosim ws  mee o s

@00 s @icummes: s s -

203 pounds) of natueal or depleted uraniom used for
radiographic exposure devices Listed in

For the State Degrae tinent of m.mn Nervices

— o

May 20, 1987

. 2351 (2/82)

Radioldqic Hcalth Branch !
714 P Streor, Sacnmento. CA 95814 -~ * °°

50

of any discharge to the enviroumunc of
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Detector cells containing Nickel 63 shall be tested for leakage and/or contamina-
tion at intervals not to exceed six months,

L AUES

(=]

Scaled sources possessed under this license shall he tested for leakage and/or
contamination as required by Section 30275 (c¢) of the California Radiation Control
Repgulations.

KT Al L LU KLU RO U R R i L (L R A AL R B

ARV i T T bl R b e B A e S A L R U L L L AL | el A R VL | P T AR L A
o,

Records of leak test resules shall be kept fn units of microcuries and maincained
tor tnspection. Records may be disposed of fullowing Department fuspection. Any
lealk test revealing the prescnce of 0,005 microcuries or more of removable radio-
act lve matecial shall be reported to the Depactment of Health Services, Radio-
logic Health Branch, 744 P Street, Sacramento, CA 95814, within five days of the
test. This repoct shall include a description of the defective source or device,
the results of the test, and the correctlve action taken,

~
.

oxe

The following individuals are authorized to collect wipe test samples of sealed
sonriees possassed under this License using leak test kits acceptable to the
Culifornia Department of Health Services.

(a) The radiation safety officer.

(h)  Any qualiftaed person as designated tn wetting by the radlation safety officer.

PRy

—— Mg? 20, 1987

R19-2933(2/92)
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3 ene 0 APPLICATION FOR MATERIAL LICENSE H

o Ay

US NUCLLAR REGUY

INSTRUCTIONS. SEE THE APPRCPRIATE LICENSE APPLICATION GUIDE FOR OETAILED INSTRUCTIONS FOR CCMP

LETING APPLICATION SEND TwQ ¢,
OF THE ENTIRE COMPLETED APPLICATION TO THE NRC OFFICE SPECIFIED BELOW )

bl

APPLICATIONS FOR OISTRIBUTION OF EXEMPT PRODUCTS FILE APPLICATIONS WITH IF YOU ARE LOGATED IN

U S NUCLEAR REGULATOAY COMMISSION ILLINOIS INOIANA (OWA MICHIGAN, MINNESOTA, MISSOURI ONID, OR

OIVISION OF FUEL CYCLE AND MATEAIAL SAFETY. NMSS WISCONSIN, SENO APPLICATIONS TO.

WASHINGTON 0OC 20048

US NUCLEAR RECULATORY COMMISSION ACGION 1Y
ALL OTHEAR PERIONS FILE APPLICATIONS AS FOLLOWS. IF YOU ARE MATERIALS LICENSING SECTION
LOCATED IN. 199 AQQSEVELT ROAD
GLEN ELLYN 1, 60137
CONNECTICUT OELAWARE DISTRICT OF COLUMBIA, MAINE, MARYLAND, .
MASSACHUSETTS NEW HAMPSHIRE, NEW JERSLY NEW YORK, PENNSYLVANIA, ARKANSAS COLORADO 10ANO, RANSAS LOUISIANA MONTANA NEBRASKA
AHOOE ISLAND. OR VERMONT, SENO APPLICATIONS TO NEW MEXICO NORTM DAROTA, OKLANOMA, SOUTH OAKOTA, TEXAS, UTAM
R WYOMING, SEND APPLICATIONS TO.

U.S NUCLEAR AEGULATORY COMMISSION AEGION | o ° ¢ NS

NUCLEAR MATEAIALS SAFETY SECTION 8 US NUCLEAR RECULATORY COMMISSION REGION IV

K31 PARK AVENUE MATERIAL AAQIATION PRQTECTION SECTION

KING OF PRUSSIA PA 19408 811 AYAN PLAZA DRIVE, SUITE 1000

R T 1601

ALARAMA FLORIDA, GEORGIA, XENTUCKY MISSISSIPPI NORTH CARGLINA. ARLINGTON. Tx 16011
PUEATO RICO SOUTH CAROLINA TENNESSEE. VIRGINIA, VIRGIN ISLANDS OR ALASKA ARIZONA CALIFOANIA MAWAI! NEVADA ORZGON WASHINGTON
WEST VIRGINIA SEND APPLICATIONS TO AND U S TEARRITOAILS AND POSSISIIONS IN THE PACIFIC, SEND APPLICATIONS

U S NUCLEAR AECULATORY COMMISSION ALGION 1o

NUCLAR MATERIALS SAFETY SECTION U'S NUCLEAR AFGULAIORY COMMISSION AEGION v

101 MARIETTA STAEET, SUITE 2900

ATLANTA GA X413 NUCLEAR MATERIALS SAFETY SECTION

1450 MARIA LANE SUITE 210
WALNUT CREEK, CA $4508

PERSONS LOCATED IN AGREEMENT STATIS SEND APPLICATIONS TO THE U'S NUCLEAR RECULATORY COMMISSION ONLY IF THEY WISH TO POSSESS AND USE LICENSEO MAT
INSTATES SUBJECT TO U S, NUCLEAR REGULATORY COMMISSION JURISDICTION,

1 THIS IS AN APPLICATION QR IChech sppreariare irern) 2 NAME AND MAILING AQDRESS OF APPLICANT [Incives 2@ Codel

{ | a newucenst Please refer to License 9?—0196&- Lockheed Missiles & Space Co., Inc.
Lj 8 AMENOMENT TO LICENSE NUMBER Orgn. 47-20, Bldg. 106
D C RENEWAL OF LICENSE NUMBER 1111 Leckheed Vay
Sunnyvale, CA 94089
Y ACCAESSIES) WrERE LICENSEC MATERTAL WILL € YSED OR POSSESSEQ

Locicheed facilities located at Kwajalein Missile Range, Kwajalein, Marshall Islanda, af
at temrorary job sites anywhere in the United States whers the U.S. lluclear Resulazory
Ccznaission maintains jurisdiction for regulation of the use of licensed material.

4 Na\ME CFAEASON TO 8E CONTACTED ABQOLT Trig APPLICATION NUMAED

TELF BN
Don F. Mercado, Radiation Centrol Officer kb08)7ﬂ2-0759

SUBMITITENS § THROUGH 11 CN S a1t PAPED THE "N PE AND SCTPE OF INEQRMATION 0 §€ PROVICED . CESTRISED IN Tre LICENSE APPLICATION GuiQE

§ BAJICACTIVE MATERIAL
8 Ermentgn T mais MmOt D SREMICEs 409127 ORVHEE' VLU ND € MELIMUMM §MOUnt
WA it DF DO1I0860D 4t gAY ONE Neme ofe atiacnnen

6 PUAPCSE(S, £10 waiils | CENSED VATERIAL wiLL 8E USED
g22 atiachmentg

So bt

T OINDIVIOUALLS) BESPONSISLE COR RADIATION SAFE™Y 'HéGRAM AND THEIR

TAAINING AND EXPEQIENCE § TRAINING SORINDINVIOUALS WCAKING i8N OR ERECUENTING RESTRICTED AR

see attachmen gSee g4<achman+
9 FACILITIES AND EQUIPMENT ‘0 RADIATION SAFETY pAJAAAM
see attachrment §2¢ abtaghmant
"2 LICENSEE SEES 1500 ICCFA 170 gng Sectiar " /0 20
Y WASTE MANAGEMENT AMQuNT
see atsachment FEECATEGORY  qp ENCLO3ED 8 9an Nn

13 SEBTIFICATION iMuir 00 cOmOiered By agoncant) THE APPLICANT UNDERSTANOS THAT AL L STATEMENTS ANO AEPRESENTATIONS MADE tn Tor1$ APPLICATION ARE
S1NDING UPCN THE APPLICANT
THE APSLICANT ANO ANY OFEICIAL EXECUTING THIS CERTIFICATION ON BENALF OF THE APPLICANT NAMED INITEM ? CENTIEY "MAT THIS APSLICATION IS

PREPARED iN CONFORMITY WITH TITLE 10 CODE OF FEDERAL REGULATIONS, pARTS 39 32 33 34 1% AND 40 ANG "HAT AL, INEQRMATION CONTAINEQ HEREIN
IS TRUE AND COCRRECT TO THE BEST OF THEIA x NOWLEDGE AND BELIEF

WARNING 181 SC SECTION 1001 ACT OF JUNE 79 1948 67 STAT 143 MAKES IT A CRIMINAL OFCENSE TOMAYE A WILLEYLLY FALSE STATEMENT OM ACAIRESENTATIN
TO ANY OEPARTUENT OR AGENCY OF THE UNITED STASES AS TO }m VMATTER w”)’i" ITS JURISINCTION

X,
SIGNATURE~CEATIFVING OF FICEA I"‘}'m"";"} QN}/-/, P // '”‘ﬁ‘vnn-uhlna Vimna Deanddante [0/\!-! N Na
H /;/"’ééLCOZZ' 1 MOV UL YT TALTE L LSOAMTIIY | 2-0-0'7
reg¢man 77 Finance/Administration
y4 14 VOLUNTARY ECSNOMIC DATA
T ANNL AL BEZEi0TS = NUMBER OF EMPLOYEES ITare ror @ WOULO vQU RE WILLING TO FURNISH COST INEQRMATION (Jaier eneor 11a1! Ao
- ™ » enteg 18CHITY 03CIUAIng Oul1i0e CONLIBCIPRY) ON THE ECONQMIC IMBACT NIF CURRENT NAC ACGULATIONS ON aNY fUTYUNE
<3350% $1M-18 PROPOREN NNZ REGULATIONS THAT MAY ABELCT YOU! (NAC reguiahient gormn
$2 $00K $3 MM 11O BIOIPCE LONIIAP1E! CONIMErCIN &7 IAINCII =2108 'y srmetige v te
0K - - — Ihe spency n conthidence}
$500K - 730K $IM~10M 3 MUMBER OF 8E03
—

$750K- 10 Seom - -_-1 ves r-_l ~o

FOR NRC USE ONLY

TNPEOF SEE FEE LOG BLECATEGOMY COMMENTS AVPHOVEU 0

AMOUAT ALCENER CHECK NUMBER oait
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S. RADIOACTIVE MATERIAL

A. Element & Masas No. B. Chemical and/or Physical Form C. Maximum Amount
Which vill be

possessed at any
one time

DI L T A O M C A S

Nickel &2 Metallic electro-plated Not to exceed
sources contained in 40 microcuries
electron tubes (EG&G) per tube

6. PURPOSE(S) FOR WHICH LICENSED MATERIAL WILL BE USED

Four (4) each Destruct Initiation Units in vhich the overvoltage gaps are
installed vill be assembled into an Exoatmaspheric Reentry Body
Interceptor System, These missiles will be launched from NMeck lsland,
Kvajalein Missile Range. The Destruct Initiation Unit circuitry is
designed to destroy the (ERIS) missile system should it stray off courge
or not function according to preprogramed design criteria.

' The Destruct Initiation Units vill remain intact during the launch

: provided the misgsile performs ag desigred. The Uestruct Initiation Units

- vill remain wvith the booster section vhen it hag fulfilled ita functicn

' and is geparated and ejected from the mis3ile syctem. The booster
section of the missile with the minuscule 158 microcuries of Nickel®=
radioactive material will be destroyed or dispersed to the atmosphera or

l be scattered in the broad ocean area of the Kvajalein MHissile Range.

7. INDIYIDUAL(S) RESPONSIBLE FOR THE RADIATIOH SAFETY PROGRAM AND THEIR
TRAINING AND EXPERIENCE:

The radicactive materials vill be used under the direction of lon P.
¥Yercado, LMSC Radiation Control Officer, or Jeff Beckmann, Orgn. 59-6d4 at
the Kvajalein Missile Range, Harshall Iclands,

Attached is a resume for D.P. Mercado, LHMSC Radiation Contraol Officer and
Course Enrollment/Completion cards for Jeffery L. Beckmann vhich
stipulate that Mr. Beckmann successfully completed LHSC's course number
0X001C entitled, "Radiation Safety" and course number @XQQ6E, entitled
*Over-voltage Gap Svitches."

8. TRAINING FOR INDIVIDUALS WORKING IN OR FREQUENTING RESTRICTED AREAS

All individuals varking in or frequenting the area in vhich these devices
are used or stored shall receive instructions that are commensurate vith

the degree of hazard in accordance vith the Code of Federal Regulatione,

Title 10, Part 19.




LMSC/Exoatmos
. Page 2 of 4

K P i A R T G I

A slide/tape training program course number 2X206E, entitled *Overvoltage
Gap Svitches, ® has been developed specifically for this particular °
program. All employees frequenting any area in vhich these devices are
used or stored shall receive this training.

FACILITIES AND EQUIPHMENT
The Destruct Initiation Units containing the overvoltage gap svitches

shall be stored in locked cabinets and eecured against unauthorized
removal,

DL A L AL R N Lt
-

1 1@. RADIATION SAFETY PROGRAHM

RADIATION SAFETY PROGRAN
FOR OVERYOLTAGE GAP SWITCHES USED IN
5 EXOATHOSPHERIC REENTRY BODY
INTERCEPTOR SYSTEHN

b et i A A T

10.1 BACKGROUND

An overvoltage gap svitch (PN 3084386) is uced in packages integral to
the Exoatmospheric Reentry Body Interceptor Higsile System., These gap
svitches contain 4@ microcuries of Hizkel“~Y a radicactive iecotope of
nickel, The amount of radioactive material in theese components places
them under the requirements of the Code of Fedrral regulations pertaining
to control of radiation sources. '

(L B £l e i

T

10.2 PURPOSE AND SCOPE

G S i

The purpose 0f this program is to defipe the requirements for uge of the
materials at Kvajalein Missile Range.

gy

10.3 RECORDS

Rt

Lockheed Missiles & Space Company, Inc.,, cshall establish a eystem for
recording all receipts and transfer of these controlled units. Records
shall include, by serial number, date received, each transfer of custody,
and installat:ion hy missile serial number.

_ i) — T LA L AR AR T

10.4 INSTRUCTION OF AFFECTED PERSONHEL

All personnel invalved in handling controlled packages shall be given
instructions pursuant to the requirements of the Code of Federal
Regulations Title 10, Part 19.0. Appropriate documents shall be posted
in the vicinity of the vork area or made available to affected personnel.

10.5 STORAGE AND WORK AREA CONTROL

¥hen not in use, controlled packages chall be secured to prevent
unauthorized access or removal., All receipts, processing, and trensfer
of controlled packages must be controlled by personnel vho have satisfied
requirements of paragraph 4.0@. All vork areas containing three or more
Destruct Initiation Units must be '‘posted vith *CAUTION RADIOCACTIYE
MATERIAL® signs. . -
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10.6 AUDITS

11,

Compliance wvith the Radiation Program shall be ascessed by frequent and
random audits of the affected areas and assoclated functions,

FORMAL TRAINING IN RADIATION SAFETY N/A
EXPERIENCE N/A

WASTE MANAGEMENT

Four (4) each Destruct Initiation Units in vhich the overvoltage gaps are
installed vill be assembled into an Exoatmospheric Reentry Body
Interceptor System. These missiles vill be launched from Meck Island,
Kvajalein Nissile Range. The Destruct Initiation Unit circuitry is
designed to destroy the (ERIS) micsile system ghould it otray off course
or not function according to preprogramed design criteria,

The Destruct Initiation Units vill remain intact during the launch
provided the missile performs as designed. The Destruct Initiation Units
vill remain vith the booster section vhen it has fulfilled its funciion
and is separated and ejected from the miseile egystem. The booster
section of the missile vith the minuscule 169 microcuries of Nickel®?
radioactive material vill be destroyed or disperced to the atmosphere or
be scattered in the broad ocean area of the Kvajalein Miseile Range.

All Destruct Initiation Units not uced in the tecst at the Kvajalein
Missile Range shall be returned to:

Lockheed Hissiles & Space Company, Inc.
Orgn. 47-20, Bldg. 106

1111 Lockheed Way

Sunnyvale, CA 94089

Attention: D. P. Hercado

Radiation Control Officer
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3 ENERGENCY PROCEDURES

? FOR AN

S UNPLANNED INCIDENT INVOLVING THE

; GAP SWITCH, PN 3004386

/ 1. The only vay that radioactive material can escape is if the gap svitch is

physically damaged in some vay, such as crushing it, striking it, or
applying some gort of mechanical force or pressure, or if a leak develaps

in the encapsulator material, or the material is engulfed in a fire or
damaged by explosive force.

2. All personnel are to evacuate the room or area immediately, vhenever it
is suspected that the integrity of the yap svitch is compromised by any

of the above. The Radiatiocn Control Officer is to be notified
immediately.

DO NOT RE-ENTER the room or area until specific approval is given by the
Radiation Control QOfficer.

3. The Radiation Control Officer shall make a radiation survey of all
possible areas that may be affected by the release of thece materiala and
control access to those aress.

RADIATION CONTROL OFFICER

e A e T e

% Phone Phone Kvajalein

8 Sunnyvale Home Safety QOffice
§ LMSC, Inc. =-- D. P. Mercado (408) 742-0739 (428) 730-822%9

3 LMSC, Inc. -- Jeff Beckmann (8@5) 238-7994
3 ext. 7012
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U.S. Army Strategic Defense Command
ATTIN: CSSD-TD

P.O. Box 15280

Arlington, VA 22215-0280

US. Army Strategic Defense Command
ATTN: CSSD-RM

P.O. Box 15280

Arlington, VA 22215-0280

U.S. Army Strategic Defense Command
ATTN: CSSD-EA

P.O. Box 15280

Arlington, VA 22215-0280

U.S. Army Strategic Defense Command
ATTN: CSSD-EN

P.O. Box 1500

Huntsville, AL 35807-3801

US. Army Strategic Defense Command
ATTN: CSSD-GI

P.O. Box 1500

Huntsville, AL 35807-3801

U.S. Army Strategic Defense Command
ATTN: CSSD-PA

P.O. Box 1500

Huntsville, AL 35807-3801

U.S. Army Strategic Defense Command
ATTN: CSSD-LC

P.O. Box 1500

Huntsville, AL 35807-3801

KipE
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Lockheed Missiles and Space Company
P.O. Box 3504
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DEPARTMENT OF DEFENSE AGENCIES

U.S. Army Kwajalein Atoil

ATTIN: CSSD-KA-DE

P.O. Box 26

APO San Francisco, CA 96555-2526

U.S. Army Kwajalein Atoll

ATTN: CSSD-KA-D

P.O. Box 26

APO San Francisco, CA 96555-2526

U.S. Army Kwajalein Atoll

ATTIN: CSSD-KA-H

P.O. Box 26

APO San Francisco, CA 96555-2526

U.S. Army Kwajalein Atoll

ATTN: CSSD-KA-P

P.O. Box 26

APO San Francisco, CA 96555-2526

U.S. Army Kwajalein Atoll

ATTN: CSSD-KA-R

P.O. Box 26

APO San Francisco, CA 96555-2526

U.S. Army Kwajalein Atoll

ATTN: CSSD-KA-RS

P.O. Box 26

APO San Francisco, CA 96555-2526

U.S. Army Kwajalein Atoll

ATTN: CSSD-KA-GI-U

P.O. Box 26

APO San Francisco, CA 96555-2526

CONTRACTORS

Teledyne Brown Engineering
ATTN: Military Applications, MS180
300 Sparkinan Drive

Huntsville, AL 35807-5301
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FEDERAL, STATE, AND LOCAL GOVERNMENT AGENCIES

U.S. Environmental Protection Agency,

Region 9

ATTN: Office of Pacific and Native
American Program

1235 Mission Street

San Francisco, CA 94103

Alele Museum/Library

c/o Ministry of the Interior and

Outer Island Affairs

Republic of the Marshall Islands
Majuro, Marshall Islands 96960

C-2

Department of State

ATTN: Office of Freely Associated
States Affairs (Rm 5317)

22nd & "C" Street NW

Washington, DC 20520

LIBRARIES

Defense Technical Information Center
FDAC Division

Cameron Station

Alexandria, VA 22304-6145




