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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 Ni63 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 c6nducted an
assessment of the potential environmental consequences of the use
of Ni6" 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 Ni3 switches in the
FTS of GBI boosters to be launched from Meck Island, USAKA,
Republic of 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 theUSASDC in I951F -- d from the Ex... . . Reentxr , 7-Vl

Interception System (ERIS) EA produced by the Strategic Defense
Initiative Organization (SDIO) in 1987. The ERIS, a subsystem of



FINDING OF NO SIGNIFICANT IMPACT

UNITED STATES ARMY STRATEGIC DEFENSE COMMAND (CONTINUED)

the Phase I Strategic Defense System (SDS) and an Atmy 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 Ni3 overvoltage gap switches would involve activities

at two locations. These locations and activities are:

LOCATION ACTIVITY -

Lockheed Missiles and Space Assfmbly and Test of the
Company, Sunnyvale, California FTS

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

To assess mossible 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
Ni3 overvoltage gap switches during normal flight of the GBI. In
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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UNITED STATES ARMY STRATEGIC DEFENSE COMMAND (CONTINUED)

DEADLINE FOR RECEIPT OF PUBLIC COMMENTS: July 29, 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. Army Strategic Defense Command
ATTN: Mr. D.R. Gallien, CSSD-EN
P.O. Box 1500
Huntsville, AL 35807-3801

Dated Robert D. Hammond
Lieutenant General, USA
Commander
U.S. Army Strategic Defense Command
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S
I 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, a1 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 FrTS. A component of this unit is an
overvoltage gap switch, which contains the radioisotope Ni63.

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 Ni63 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 Ni63 overvoltage gap switches were determined:

* Assembly and Test of the Flight Termination System

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

N Installation, Flight Preparation, and Flight

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

1 S-i
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Potential environmental impacts were examined for use of the Ni63 during normal flight of the GBI
and for dispersion of the Ni63 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 (Ni6), 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 reguladons, direct that DOD and Army
officials consider thc 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 (Ni63) overvoltage gap switches [hereafter referred to as switch(es)] in the
Flight Termination System (FTS) for the Ground Based Interceptor (GBI) requires preparation of3 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 Ni63 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.
Material 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

*l 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 FTS. A component of this unit is an overvoltage gap switch, which contains
the radioisotope Ni63.

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 Ni63, is to provide a reliable and safe FTS. The proposed action is the result

* 1
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Iof 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.

1.4 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).

I 1.4.1 System Description

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

The FTS firing unit consists of i Premature Separation Module, a High Voltage Assembly (HVA),
and an Input Board Assembly. The Ni63 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 FI'S is discussed in greater detail in Appendix A.

The firing unit's HIVA, each containing a Ni63 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 Ni63, a pure, beta-emitting isotope
with a half-life of 85 years. The Ni63 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 Ni63 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.

1.4.2 Location of Activities

Tne kiVA containing the NIF switch wiii be integrated into the new firing unit at Lockheed

Missiles and Space Company (LMSC) in S'unnyvale, California. The firing unit is assembled and
tested at LMSC facilities prior to shipment to USAKA.

14
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I

3 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 FTS. This installation takes place in the
missile assembly building prior to movement to the launch pad silo. The arming of the destructL_ 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 Ni63 switches, as
I required by the USAKA Range Safety Manual, LMSC Radiation Protection Procedures, and the

Nuclear Regulatory Commission (NRC) requirements under Title 10, Code of Federal Regulationsi (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-, andI 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 wasI 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 was3 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.

I
ii'



2.0 AFFECTED ENVIRONMENT

2.1 Lockheed Missiles and Space Company (LMSC)

The LMSC's GBI facilities are located in Sunnyvale, California. Within this area, the Ni63 switch
will be received, assembled into the FTS, 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 Ni63 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 Ni63. A permit
from the City of Sunnyvalz is presently being issued. All operations and handling of the Ni63 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.

2.2 U.S. 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, until
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 islands/islets. 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

T To~ TA TrA :_ A 1 4 :1.. : t- I TO ATFrA rTTO /1TTOCf'A AC %-t
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33.0 ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION

Ni63 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,3 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 'n man as one roentgen of high3 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 a1u 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 Ni63 ingested
or inhaled is excreted immediately (ICRP-30, 1978). The maximum attainable exposure, therefore,
originates from one-third of the 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 Ni63 in air is 1.4 x 10"s microcuries per m3. The corresponding level (10
CFR 20, 1989) for Ni63 in water is 3 x 10"s microcuries per milliliter. These values are the
accepted limits for concentrations of Ni63 in the water and air.

I The switches undergo an extensive testing program to ensure their integrity. Completed Ni63

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

3switches have also been vibration tested for 10 minutes with a constant power spectral density of
0.6 g2/Hz with no effect on operations (Mercado, 1990).

, 3.1 Lockheed Missiles and Space Comp:.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 Ni63. All

operations and handling of the Ni63 will be in accordance with radioactive requirements as stated
in the required permits and authorizations. No additional personnel would be assigned to the

£n existing GBI workforce as a result of the change in switches. The existing social and utility
3I infrastructure is adequate to meet requirements ot LMSC. iherefore, there are no significant

environmental consequences from the proposed actions at LMSC.
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3.2 U.S. Army Kwajalein 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 99-239 (CFA, 1986).

3.2.1 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 Ni3 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 nnii; 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 nominal flight, the product specification tests firmly support the expectation that
the four Ni63 switches on a 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 Ni63 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 Ni63 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.

3.2.2 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 directed
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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I 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 Ni6 switches will remain intact. During the
development phase of the Navy's Trident program, some boosters experienced inflight destruction.
None of the Ni63 switches recovered exhibited signs of damage.

3.2.2.1 Pad Explosion

5 IIf 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 puverized material would dilute the levels of radioactive substances
to below allowable release limits before reaching any personnel. Calculations based on recently
published EPA Concentration Levels for Environmental Compliance indicate that when the
spherical cloud of Ni63 reaches a radius of about 140m (460 ft), the concentration level for the3Ni63 falls below the compliance level (FR, December, 1989) of 1.4 x 10.5 microcuries per m3. 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 atmospheric5dispersion, further reducing the concentration.

If the fragmented Ni6 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).

I 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 intoU the lagoon is significantly reduced due to silo shielding.

3.2.2.2 Flight Termination

I 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 Ni63 would disperse to below
the acceptable limit (10 CFR 20, 1989) of 3 x 10.5 microcuries per milliliter after reaching a radius
of apoi e A (Ak ,, 

rr.d- A.) from the switch or fragment location. This value

represents the release of 160 microcuries at a single instant into the ocean. In reality, thecorrosion of the Ni63 would result in the microcuries being released over a three-day period
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i (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 Ni63.

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

*l parameters, including a steady state source that would release Ni63 well in excess of the 160
3 microcuries and termination at 8 km (5 mi) altitude with a 3.6 km/hr (2.2 mph) wind speed. The

calculated level for Ni63 of 7.81 x 10.13 microcuries per m3 in air falls below the compliance level
(FR, December, 1989) of 1.4 x 10-5 microcuries per m3 and would not result in significant
environmental impacts.

Once a nominal first stage separation occurs, the two switches in the first stage would fall intactiinto the ocean as described in Section 3.2.1. For the second stage with the remaining 80
microcuries of Ni63, 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 significantIenvironmental impacts are expected.

If the switches fragment and drop to the bottom of the ocean, the 80 microcuries of Ni63 wouldI disperse to below the acceptable limit (10 CFR 20, 1989) of 3 x 105 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 smaller than the previous value due to the lower quantity of Ni63, and no3 significant environmental impacts are expected.

If two switches pulverize, the calculation, assuming a steady state source with 80 microcuries of
£ Ni63, gives a concentration level of 3.90 x 1013 microcuries per m3 (Appendix A). This value is

due to the resulting dispersion from the explosion with winds present. With this level of Ni63

dispersion, no significant impacts are expected.

3 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).

3.4 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 Ni63 switch will be carried out in existing
facilities, no significant impacts are expected with regard to conflicts with federal, regional, state,
local, or Native American tribal land use plans, policies, and controls.

3.5 Energy Requirements and Conservation Potential

ihe Subtit.utin of* the Ni63 _sthe..wil hU-n iniiatefet curcct
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 Ni63 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 significant adverse environmental effects associated with the use of Ni63

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 Ni63 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 Ni63 switches.

16



1_ 4.0 GLOSSARY

C Centigrade

3 CFR Code of Federal Regulations

Compact The Compact of Free Association

Curie A special unit of radioactivity. One curie equals 3.7 x 10W 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 Fiiding 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.

>3 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.

5 EPA Environmental Protection Agency

ERIS Exoatmospheric Reentry Vehicle Interception System; also known as3 Exoatmospheric Reentry Vehicle Interceptor Subsystem.

ESQD Explosive Safety Quantity Distance

3 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

5 17



g 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.

GBI Ground-Based Interceptor

g2/Hz g2/Hertz; unit used for power density.

HVA High Voltage Assembly

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

Impact 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.

km kilometer

km/hr kilometer per hour

LMSC Lockheed Missiles and Space Company, Inc.

3 m meter

MeV Million Electron Volts

mi mile

Microcurie One-millionth of a curie (3.7 x 104 disintegrations per second).

mm millimeter (one-thousandth of a meter)

mph miles per hour

NEPA National Environmental Policy Act

Ni63  Nickel radioisotope with a half life of 85 years and a maximum of 0.067 MeV
beta particle energy.

NRC Nuclear Regulatory Commission

Reentry vehicle 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



I 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.

3 RMI Republic of the Marshall Islands

SDI Strategic Defense Initiative

I SDIO Strategic Defense Initiative Organization

SDS Strategic Defense System

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

U.S. United States

3 USAKA U.S. Army Kwajalein Atoll

£ USASDC U.S. Army Strategic Defense Command

1
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5.0 AGENCIES CONTACTED

U.S. Department Of The Army

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

5 U.S. Department Of The Air Force

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

3 U.S. Department of Energy

Department of Energy
i Albuquerque Operations Office Sandia National Laboratories

P.O. Box 5400 P.O. Box 5800
Albuquerque, 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 35807-7007

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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3 7.0 LIST OF PREPARERS

Ron Freeman, Natural Resources Group Director, Advanced Sciences, Inc.
B.S., 1971, Wildlife Management, Humbolt State University, Arcata, CA
A.A, 1967, Life Science, Mesa College, San Diego, CA
Area of Responsibility: Biological Effects
Years of Experience: 18

i Dennis R. Gallien, General Engineer, U.S. Army Strategic Defense Command
B.S., 1979, Industrial Chemistry, University of North Alabama, Florence, AL
Area of Responsibility: EA Program Management5 Years of Experience: 12

Albert Goodman, Senior Engineer, Advanced Sciences, Inc.
3 Ph.D., 1960, Physical Sciences, University of New Mexico, Albuquerque & Los Alamos, NM
*1 M.S., 1955, Physical Sciences, University of New Mexico, Albuquerque, NM

B.S., 1945, Physics, City College of New York, NY
Areas of Responsibility: Technology Testing, Radiation
Years of Experience: 44

* Troy Gray, Senior Analyst, Advanced Sciences, Inc.
3 M.B.A., 1986, Management, New Mexico Highlands University, Las Vegas, NM

B.A., 1960, Industrial Psychology, University of Tulsa, OK
Areas of Responsibility: Systems Analysis, Ground and Flight Safety
Years of Experience: 27

John Henderson, Electrical Engineer, U.S. Army Strategic Defense Command
B.S., 1986, Electrical Engincer, Auburn University, Auburn, AL
Areas of Responsibility: GBI Test and Operations
Years of Experience:4

Gregory A. McAnarney, Corporate Health and Safety Director, Advanced Sciences, Inc.
B.S., 1980, Environmental Health, Illinois State University, Normal, IL
Area of Responsibility: Project Oversight
Years of Experience: 9

I Walter Odening, Assistant Vice President, Advanced Sciences, Inc.
Ph.D., 1971, Botany (Ecology), Duke University, Durham, NC
M.S., 1968, Biology, San Diego State University, CA
B.S., 1963, Biology, San Diego State University, CA
Area of Responsibility: Environmental Director
Years of Experience: 23
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Leo Rahal, Senior Scientist, Advanced Sciences, Inc.
Ph.D., 1977, Physics, University of New Mexico, Albuquerque, NM
M.S., 1964, Physics, University of Detroit, MI
B.S., 1962, Physics, University of Detroit, MI
Areas of Responsibility: Nuclear Physics, Flight Profile, and Air Dispersion
Years of Experience: 26

U William E. Rawson, General Engineer, U.S. Army Strategic Defense Command
BSEE, 1964, Electrical Engineer, Auburn University, Auburn, AL
Areas of Responsibility: GBI Test Operations, Facilities, Safety and Environmental
Consideration
Years of Experience: 26

1 Nelson Rodrigues, Director, Advanced Technologies Group, Advanced Sciences, Inc.
M.S., 1968, Astronautical Engineering, Air Force Institute of Technology, Dayton, OH
B.S., 1966, Nuclear Engineering, Lowell Technical Institute, Lowell, MA
Areas of Responsibility: Technical Director, Launch Operations, Nuclear Safety
Years of Experience: 23

3 John D. Throckmorton, Systems Engineer, Advanced Sciences, Inc.
B.S., 1988 Mechanical Engineering, Northwestern University, Evanston, IL
Area of Responsibility: Systems Analysis
Years of Experience: 1

George Wandler, Senior Project Manager, Advanced Sciences, Inc.
M.B.A., 1978, Business Administration, University of Tennessee, Knoxville, TN
B.B.A., 1969, Business Administration, Memphis State University, TN
Areas of Responsibility: Project Manager, Technical Development3 Years of Experience: 20
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I APPENDIX A
Ni 63 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 Ni63 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 (Ni63) 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.

3 2.0 BACKGROUND OF Ni63 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 FMS. The Trident System contains a firing unit with a
radioactive switch that has electrodes plated with a thin layer of metallic Ni63 isotope. The
component contains argon gas that is continuously ionized by the beta particles emitted by the
Ni63 into the space between the electrodes (Figure A-i). 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 Ni63 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):

E 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.

A-1
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0 The firing unit is bench tested, installed into the FTS, and subsystem tested for proper
operation.

E 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 Ni63 OVERVOLTAGE GAP SWITCH PRODUCT SPECIFICATIONS

The Ni63 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
Ni63, which is plated onto the electrodes (Figure A-i) by New England Nuclear Corporation of
Boston. The total deposition in a single device is 40.0 microcuries. The Ni63 switch was designed
and developed by Sandia National Laboratories (SNL), Albuquerque, New Mexico. The Ni63

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 Ni63 switch (Figure A-i) consists of a ceramic cylinder, approximately
nine millimeters (one-third inch) in diameter with 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.

fDuring 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 g2/Hz, ranging across the vibration spectrum from 50 Hz to 3,000 Hz, in each of
three perpendicular directions.

4.0 Ni63 NUCLEAR DECAY SCHEME

The relevant nuclear properties of Ni63 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 Ni63 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.
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I
I 5.0 GENERAL BETA PARTICLE KINETICS

5.1 Range of Beta Particles

I 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:

I R = 412 E 1.265. 0.0954 In E

I FOR 0.01 MeV < E < 2.5 MeV

WHERE:

I R = RANGE IN mg/cm 2

E = MAX. p ENERGY (MeV)I
Applying the beta particle energy of E = 0.067 MeV, R = 412 (0.067 MeV) 265 0.09 5 41n 0.067 MeV,
or R = 6.7 mg/cm-.

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/cm3. Therefore:

R r  = 6.7 mgcm2  = 0.0015 cm (0.0006 inches)
4500 mg/cm3

For air, the density is 1.293 mg/cm3. Therefore:I
Rar  = 6.7 mgcm2 = 5.18 cm (2.04 inches)

1.293 mg/cm 3

For skin, the thickness is about 0.018 cm and the density is approximately 1560 mg/cm3 (Mader,
1985, USDHEW, 1970). Therefore:

RsAn  = 6.7 mp/cm 2  = 0.0043 cm (0.0017 inches)1 1560 mg/cm 3

For water, the density is approximately 1000 mg/cm3 . Therefore:

I Rwater = 6.7 malcm2  = 0.0067 cm (0.0026 inches)
1000 mg/cm3

i
I
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I Finally, the switch cap is made of ordinary nickel. Nickel has a density of 8900 mg/cm 3.
Therefore, the range of beta particles into the switch cap is:

RNi = 6.7 m/cm2  = 0.00075 cm (0.0003 inches)
8900 mg/cm3

I From these foregoing calculations, it can be concluded that the beta radiation cannot penetrate the
walls of an intact Ni63 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 Ni63 intake (i.e., ingestion or inhalation).

5.2 Radiation Dosage

In the case of a single-event intake (ingestion or inhalation) of Ni63, a calculation may be made
that indicates exposure of an individual to the Ni63 radiation. This exposure dosage is calculatedI using the following equation (USDHEW, 1970):

D = 73.8 E Teff C (1-e - eff t)

WHERE:

D = BETA RADIATION DOSE (RADs)

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

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

t = EXPOSURE TIME (DAYS)

leff = EFFECTIVE DECAY CONSTANT (DAY- 1 )

rThe calculation is based on a quantity called the effective half-life, (Teff) (USDHEW, 1970). The
biological half-life (Tb) is a measure of the time that metallic nickel remains in the body after
intake. For nickel, it is found that two-thirds of the intake is excreted immediately (ICRP, 1978).I 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/ 2). The effective half-life
takes into account the significance of the exposure, based on both Tb and T 2.
These are combined in the following equations:

A--
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Tff = (T/2) (Tb)
(T, 2) + (Tb)

I Xeff = 0.693

I 
WHERE:

T1/2 = RADIOACTIVE HALF-LIFE OF ISOTOPE (DAYS)
Tb = BIOLOGICAL HALF-LIFE IN THE BODY (DAYS)

When these equations are worked out using the appropriate data, the values of Teff and Neff are3 obtained:

(3.103 x 104 DAYS) (1.2 x 1W DAYS) = 1155 DAYS
Tey = (3.103 x 104 DAYS) + (1.2 x 1W DAYS)

Xeff 0.693 = 0.000598 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)

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

D 73.8 (0.017 MeV)(0.00057 microcuries/gm)
(1155 days) [1-e("-°'°° / )(3 65 daqs)]I which results in:

D = 0.16 RADs.

This quantity is related to the annual exposure by the following relations (USDHEW, 1970):I
Annual Exposure (REMs) = Dosage (RADs) x Q

i where Q is a "quality factor" that depends upon -hc !y,'e 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
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I 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).

1 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;3 and 3) a terminated flight in which the switch is damaged. Second % , some considerations apply
to all of the scenarios. For example, the pathways by which the Ni 3 can be a hazard will differ
according to the scenario, but the actual potential damage mechanisms are essentially the same.

6.1 Nominal Flight

g 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 corresponds3 to 14.7 psi. Therefore:

Non-Crush Depth = 20000 psi x (34 feet) = 4.6 x 104 feet (8.8 miles)314.7 psi

The broad ocean area off the USAKA ranges in depth from about 4.8 km (3 miles) to 5.6 km (3.53 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. The3 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 years
0.0025 mm/yr

SA- 10
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IThis 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 approximatelyI 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/yr

I In addition, since Ni63 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 Ni63 is 3 x 10-5 microcuries per cm3 (10 CFR 20, 1989).
While the dissolving process of the Ni63 must occur over a period of time, a worst-case assumption
would be that the four switches corrode simultaneously and that the Ni63 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:

u
WHERE:

r = RADIUS OF SPHERE CONTAINING WATER COMPLIANCE CONCENTRATION
in = TOTAL MASS OF RADIOISOTOPE
C = LEVEL FOR WATER COMPLIANCE

USING THE APPROPRIATE DATA FOR WATER:
1/31 ( (3) 160 Microcuries

(4) (3.141) (30 Microcuries/m 3) = 1.2 Meters =3.6 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 Ni63 would disperse to below the acceptable limit (10
CFR 20, 1989) of 3 x 10.5 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

I value, due to the lower quantity of Ni63 and would in actuality be very much smaller because of
the distance between fragments.

i 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

A A-i1



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 10-3 or less (SRS, 1989).

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

m 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.

N The trigger transformer arcs across the Ni6 overvoltage gap switch after receiving a trigger
signal.

a Switch arcing initiates the discharge of the HV capacitor across another (nonradioactive)
switch to an ordnance detonator that initiates flight termination.

0 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

3In 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 acordanr' with grnnd safety proeduires.

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 atoll lagoon
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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 105
microcuries per cm3 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 Ni63 will expand into a sphere. The concentration of Ni63

inside this sphere will decline as it expands. The Nuclear Regulatory Commission (NRC)
concentration limits for air is 1.4 x 10- microcuries per m3 (FR, 1989). The radius of the sphere3 that contains this concentration is given by the same equation as shown in Section 6.1:

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:
/ (3) 160 Microcuries 1/3

r = (4) (3.141) (1.4 xl0- 5Microcuries/m3) = 140 Meters = 460 Feet

The Explosive Safety Quantity Distance (ESQD) for the GBI program is 1,250 feet and noIpersonnel will be allowed within this concentration limit at the time of launch. Therefore,
inhalation of Ni63 will be in concentrations below the established compliance criteria.

I 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 Ni63 reaches a radius of about 140 meters (460 feet), the
concentration level for the Ni63 falls below the compliance level (FR, 1989) of 1.4 x 10-5

microcuries per m3. 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 would3 LI £LI.,L UIlU+LL., I.ciL ) L.ULA...,ILIaLIUIA.

The dispersal of the pulverized switches during flight destruction at any launch altitude can beI calculated utilizing the techniques by Hay and Pasquill (1957). The formulation is based on
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I experimental evidence that the vertical distribution of spreading particles from an elevated point
is related to the standard deviation of the wind elevation angle ac, at the point of release.
Formulations based on this theory result in a diffusion equation, incorporating standard deviations
of Gaussian distribution: ay 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 to 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 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 Service 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 x,y,z (Figure A-5) from a continuous source Q (microcuries/sec) at an altitude of
H(meters) is given by the following equation:

Q? tux [±~ ))2](x,y,z;H) = exp -_ L
2[ O Cy Il z u2

* {exp[ ( --- J + exp [z (H.±, J

The parameters describing this calculation are the following:

3 Q = 160 (microcuries/sec) Concentration

i x = 400 (meters) distance downwind

y = 0 (meters) distance cross wind

3 z = (meters) distance vertical to ground

SA- 14
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a,, = 300 (meters) horizontal dispersion coefficient (function of distance downwind)

az  1,300 (meters) vertical dispersion coefficient

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

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

3 K = Concentration of particulates (microcuries per m3 )

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

3 K = 7.81 x 1013 microcuries per m3

3 at 80 microcuries/sec, K = 3.90 x 10,13 microcuries per m3 .

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 10-14 microcuries per m3

at 80 microcuries/sec, K = 4.69 x 10 "14 microcuries per M3 .

These parameters are 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"s microcuries per m3 .
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5 7.0 GLOSSARY

I C Centigrade

CFR Code of Federal Regulations

cm centimeter (one-hundredth of a meter)

Curie A special unit of radioactivity. One curie equals 3.7 x 1010 disintegrations
per second.

3 DIU Destruct Initiation Unit; used in Navy missiles

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.

* EPA Environmental Protection Agency

ESQD Explosive Safety Quantity Distance

3 FTS Flight Termination System

g 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.

* gm gram

GBI Ground-Based Interceptor

3 g2/Hz g2/Hertz; unit used for power density

HV High Voltage

HVA High Voltage Assembly

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

km kilometer (one thousand meters)

i km/hr kilometer/hour

3 LMSC Lockheed Missiles and Space Company, Incorporated

A- 17

I



I
I

m meter[1MeV Million Electron Volts

3 mg milligram (one-thousandth of a gram)

Microcurie One-millionth of a curie (3.7 x 104 disintegrations per second).

U mm millimeter (one-thousandth of a meter)

3 mph miles per hour

Ni63  Nickel radioisotope with a half life of 85 years and maximum 0.067 MeV of
beta particle energy.

NRC Nuclear Regulatory Commission

3 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-3 !penetration x-rays.

SNL Sandia National Laboratory

I USAKA U.S. Army Kwajalein Atoll

I
I
I
I
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0 UNITED STATES
*,,NUCLEAR REGULATORY COMMISSION

REGION V
*' v' RGO 1450 MARIA LANE. SUITE 210

WALNUT CREEK. CALIFORNIA 4596.5368

FF8 1990

* iLockheed Missiles and Space Company, Inc.
S1111 Lockheed Way

Orgn: 47-20, Building No. 106
Sunnyvale, California 94089

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

LI Gentlemen:

NRC no longer has jurisdiction in the Marshall Islands, due to their newI 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 terminatedLicense 04-01964-11.

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

I Sincerely,

Beth A. Riedlingery6'
Senior Health Physicist
(Licensing)

I
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I 7 ,DEPARTMENT OF THE ARMY
HWADQ ARTV1L U.& A V KAAfAUlM ATOLL

BOX 21. APO UAN FRANC'ICO "S

CSSD-KA-RS (385-ie) !S FEE .

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 Lockheed 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, checkout, 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.

I Encl APHLIP .HAI

Colone EN
CF: Comman ing

CSSD-GI-T
CSSD-GI-U

CSSD-SO

I
I

'l
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U CSSD-SO (385-10d) 14 Feb 90

MEMORANDUM FOR COMMANDER, U.S. ARMY KWAJALEIN ATOLL, P.O. BOX 26,5 APO SAN FRANCISCO 96555

SUBJECT: Department of Army Radioactive Permit NumberI , P52-01-04-Lockheed Missiles and Space Co., Inc.

i . Enclosed is the original of subject permit.

2. Point of contact is Mr. Joseph Klevon, ATOVON 788-4801.,
U Encl PHILIP R. OWEN

Chief, Safety Office

I CF:
CSSD-KA-RS (2)

,/CSSD-GI

B
I
I
I

I
I
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DEPARTMENT OF THE ARMYI 4 4tT4 HEADQUARTEI9M LLS AM MATEREL COMMAND
50 ESNHOWER AVENUE, ALEXANDRIA, VA 2233-001

a

I CSN-P 2 February 1990

I ~ AfulJM FOR Camander, U.S. Ary Strategic Defense Crmer, P. 0. Box
1500, ATrN: (SSD-SO. Huntsville, AL 35807

-sUJECr: Department of the Army Radioactive Pennit Nmber P52-03-04 -
Lockheed Missiles and Space Co., Inc.

1. Forwarded is subject pernit. The permit autbrizes use of Nickel-63 in
electronic gap switches contained in the Exoatmoslheric Reentry Body

I Interceptor S&ysten at Kwajalein Missile Range. Please forward the original
permit to Locckheed Missiles and Space Co., Inc.

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

FOR THE C@ JER:I
I Encl (2 cys)

Safety Office

CF (w/encl):
EQDA (SGPS-PSP-E)
Director, USX-IC Field Safety Activity, AT!T.Z: AIOS-P.E

',
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Page I of 1

DEPARI2- CF T E ARMW
AUT1ORIT FMR

IPOSSION AND USE OF RADIOACTIVE MATERIALS

In reliance on statement and representation made by the applicant, authority
is herey granted to receive, produce, transfer, possess, use and store the
material (s) designated in Iten 5. This autbority is subject to ccnditons
specified below.

Activity Granted Authority 13. Authorization/Permit No.

1. Name: Lockheed Missiles & Space Co., Inc. P 52-01-04

2. Address: Kwajalein Missile Range I
Kwajalein, Marshall Islands

14. Expiration Date:

I 31 January 1993I _ _ __ _ _ _____ _ _ _______

5. Material & Mass Number 16. Chemical and/or 17. Quantity Limitation
I Physical Form I

a. Nickel-63 Ia. Metallic nickel Ia. 40 mic-ccries per
I electroplated I electronic gapIg.

I switch; 4 per
S! circuit board

8. Authorized Use:

a. Used in t. Excoatwospheric Reentry Body Interceptor Systen

Conditions

*9. Unless othergise specified, the authorized place of use is as stated in iten
- 2 above.

10. Upon carmleticn of project, Lockhee-d 'issiles and Space Co., Inc. shall be
responsible for decontamination and restoration of prenises to origina
condition for unrestricted use based on NRC criteria.

I. Locall disposal of radioactive waste is not permitted.
12. Disposal of radioactive sources will be IAN Federal and local regulations.13. Unless specifically prvddotherwise, the mraterials listed in itenrs 5, 6,

and 7 shall be possessed and used IAW statemnts, representations, and pro-
cen-ures made in arlication DA Form 3337, dtd 1 Jan 90, signed by J. C. Suty,
V. P. Operations; Title 10, Code of Federal Regulations; and AR 385-11.

I __ .AP.PROVE D

DARWIN N. TARAS
Chie

DATE: 2 February 1990

3 AMC Form 2180-R, 1 Mar 85 AUr.IZMT7,ESIaV=

B-5



...ate ., Cajilfornlia--Halth and Welfare Agency 1*psrtmett of H-k1th Servjcg

Paeg e f paqle

0169-43
RADIOACTIVE MATERIAL LICENSE Ucen,. Number________

Supplementary Sheet Amendment Number.-I
Lockheed Missiles and Space Company, Inc.
Radiation Control Program SAFETY RECORDS ,DNIt
1111 Lockheed Way, 0/47-20, B/106
Sunnyvale, CA 94089 ,JAN 0 8 i99fl

i Attention: George M. Tomer, Chairman AM PM

Radiation Control Committee 71819110111112111').1314!', Ii
A

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

To add:

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

I To read:

14. (a) The radiation safety officer in this program shall be Donald P. Mercado.

I (b) The chairperson of the radiation safety committee shall be George M. Tomer.

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

I
I
I

I

For the State Department of H ices

* December 27, 1989 1
*Dote - 6by

B Radiologic Health Branch



~~tht.Oli a nd "weli, .:

r RADIOACTIVE MATERIAL LICENSE -. 3

Supplementary Sh eet Am.nd,,nt Number 51

~I Lockheed Xissiles and Space Co., Inc.
Radiation Control Program
1111 LocKheed Vay, 0/47-20, B/106I ISunnyvale, CA 94089
Attention: A. C. Hammons, Chairman

Radiation Control Comittee

In respoase to the letter dated July 25, 1988 signed by Donald P. Hercado, License
Number 0169-43 is hereby amended in part as follovs:

2. Address: 1131 Lockheed Vay, 0/47-20, B/106
Sunnyvale, CA 94089

I

~'4D14 r1 1

I !A ,G 7 .7 /9 oI '18911
,'4 Pq~

For thr State Oepartment of Health Servce

Aug-sr 10.. 1988,
Dte_ __________ _ _ _ _ _ _ _ _ _ _ _

: L ~B-7 7 Radioogic Health Brandh
'714 P Street. Sawarnnto. CA 95314



KStato Lit Calltillnia-.qealtf and HNt!' Awens(UUPATIOt4AL t-OItmn ji -elt Stivit1 SAFETY &HEALTH

-JUN 1.211987 Page 16 8f1-AM PM
7I8I9 IlOQllIC 4 .JMATERIAL LICENSE

[~EPursuant to the California Administrative Code. ritle 17, Chapter 5. SubichaPter 41, Group 2. Licensing of Radiclacrive Materiml. auiud in rehanc?
on statements and representations hereto foret made by the licensee, a license is hereby issued authorizing the licensee to reeiss',uie, fosses!..
transfer, or dispose of raditoctive material listed below., and to use such radioactive material for the purpose(si and at the placefs) designated

below. This license is subject to all applicable rules, regulations, and orders of the Department of Health Services now or hereafter in effect and
to any conditions specified in this license.

ILicensee Lo c hId leet issiles and Spaice Co. , [inc. 3. License'Net. 0169-43 if, her Vh 5tnlbndi ti;f

Radiation Control Programn its en t 1.rnty. Amelidmi.' Nel. 503 Z2 Address 0/47-20, 9/1I )2 -1. Eioatiant date
I ;I I Waa* i..' .hy I lC..!IlIt if , r~ 19
Sunnyva l ~, CA 94 081)5 Inseveul O.qec

Attiron: A. C. tHammuns,, Chairman Di'f L.ion of Occupa t LonJI :;alf.-ty anld
U Riid iiion rontCro I. Commi ttee 11.2a I-r h-N

I 6. Nuclide 1. Fo rm 8. Iloss;tsston Limit

A. 3 tA. Any A. 600 Ci

BR . Ali%, with n1tt)'l i, I's . Anty B3 100 Ci

I C. Any with atomic C. Sealed sources C. 500 Ci
niumbecs 3-83

I D. Any with atomic 0. Any D. 10 C1.
nuzmburs 84-105 except
.saur'u anld S11-

I .source and S*1
F. Sourcft ni-iterial. F~. Any - r. 11 ,000) L~s

I G. Special nitcLear G. Any 0. 100 (:in

1 . iRad mum 2*26 1 . Foil (N.,R( liqu Lpment E. . 25 mu LI. IicuriL±S L.t.'I -.11
Corporation) sources not over 500 uCi

J. Ytterbium 169 J. Sealed sources (LM'SC; J. 6 source.:; not to im-xeeI
.1Iodm.4 65101) 1.5 Curies pe surce

. For the State Department of Health Services

I ae.May 20, L987 by_______
Radiiogic t4salth Section L

- 744 Is Sir-t. Sacraemnto. CA 9 !S14

I ! ~l2550 t2/31 
B-8 - -



Sta*i Of ChAlfOrrsI-M elth afld Veaflar. A94.-.* OeArfment of flgjlth

RADIOACTIVE MATERIAL LICENSE LiCenle tdumbe, 0169-43

Supplet.ntary Shect Ame5dm0nt Nu., 50

6. Nuclide "(continued) 7. Form (continued) 8. Possession Limi-t (continue

5 K. Krypton 85 K. Gas K. 100 Curies

I.. Krypton 85 L. Sealed sources, custom L. 20 sources, not to exceed5 (General Nucleonics) 600 mill.teuries per sourc-

' ,: , . 4,. :;eAb[,: 4.' L' , ,',I t ,in >. ;.llti rvis , not to ex ee,
(Isotope Products lath) 30 nii. Lic irieg pur sour:e

11. CLk ifornit 252 N. Sealed sources (USE.RI)A N. 2 sourcus, not to exceel
Model SR-CF-10l)) 5.2 Ci per source; tot:t!

all sources not to exceed
3 Curies

0. Curiu '44 0. Seaed0 sources, not to exceed

Products Ltb., Model 2 mUlLicurles pet: sour..%
AF-2 44-C)

1. Nickel. 63 P. Scaled source, custom P. 2,500 electron tubesAl t
(NEN - used in EG&G exceed 40 uCi per tube,
Electron tubes, type total all tubes not to
328986) exceed 100 millicuries

Q. Carbo, 1.4 Q. Sealed source, custo Q. 1,050 electron tubes nct t
(NEN - used in RG&G exceed 85 ,nicrocuries .r
Electron tubes, typit tuhe , total, not to e:...:
343314) "0 * "-ILL I.ci Les

E i. i. ;ith atomic R. Irradiated eLectronic R. 100 milLcuries total. L,-
IutI:nb..!rs 3-33 components, sealed sources, .,,nurces not to exceted 2

fo l.s, and e Lou .tro-di'ns Its :,i. 1 l.urL,: p,. c s'urc:
on various substrates.

.Air: wi.th atomic S. Sealed source.3, any . I n :i Lc ,,c iw; cn La! I,
u,".hI' s 34-105 exeept approved make and wd.,l no; ,'in tos , ,. *I

-:... .. -I 11~ 1 W ,j I .'i ; .:I 'i ,'" '*Ir "

I l i,a';t" :,m;1 t.e.rb;tL

T. Source material T. Any T. 20 pounds total

1 Ii. p.:cial nuclear U. Sealed sources, any U. Total. not to exceed I gram
materiaL approved make and modeL

For the State Da.irtment of Health Services

S Date. May 20, 1987 by
I diologic Health Branch

ItH 21 (2/az B-9 14 P Street. Sacramento, CA 95914



S t of Cailtomnlo--mealt and wiltae. Aen.:i Oep.artment of a 106th3 .ktces

RADIOACTIVE MATERIAL LICENSE -'"'*Nab'..OJ6 "
Suppemntary Shct

6. Nuclide (continued) 7. Form (continued) 8. Possession Limit r(cntinue .

I v. Cobalt 60 V. Sealed sources (AECL V. Source array, total not to
Model C198) exceed 2,700 Curies

,I . ,urh,,t"1v i? ,l IJ.4

I A.-E. To be used fur research and development as defiuoed by Suction 3(1L75 (.1) of
Cat Lfurnia Rad iation ControL Regt iLons, Cal.tlIrat ton of Instruimlentl and
Irradi;tion of HissiLt and SatatLite Components.

I F. To be used for research and development as defined by Section 30175 (J) of Calt fornin
RadLiation Control Regulations, and for fabrication of components, including machinin-.
forming, welding, and quality control testing.

1:. o h' , its.ed for ru t,; ch lnd di,-.laoplitrnr ; ins 'fi nid by SecttLon 30171 (.1) of (;utili' ru i..
Radiation Co'ntruL RgutLattons, and for use as fission fOLls and components ol fLssLin
detector instruments.

I 1. To be used for calibration of instruments.

1. To be used as components of NRC eqtLpment ALphatron gauges.

i J. To be used in Lockheed Missiles and Space Company's Radiographic Exposure aviL:u
Mod e 1 6032239 for IndustriaL Radiography.

c,. ii), ln used it an [SO Vac Engineeriug Corporation Lak test system ; V fc: ta,.k
testing of components.

L. o be u.ud a:" uoinponents of gaugi.ng :;ys t(eis mi v, t kit.llt, , l i! iti, n,; I1 -i|ti o ,l it:

SOirCtes :1id s t rvi:e L: g of gang lo L ; s ellis.

I '. ' i. ;acL.d for c;.iL braci.on of instruim,,|stn.

. ,i , iv li:s d In rwit jiti M IT rp r l: l('i 't.l'iili 1 l',l i l'i.,I ,,, - to :,, l ,',,t '.1d i ,,/,I ,h,:.

IC) . 1Co !,: used for caLihrat Lon ur e:pu r tineit t 1., )')r .,i.oi t oitttaer:.

V.-Q. To be used for assembly of tues inuto priUttd ei reuttit oards, coated with
"r /S !i' L .con .'{ led i l q.c. td nto , a t eil .. .1n. , ci ,' i a finaL iW0! cmla Iiul,

F-jr th ;tit C);artment of Health Services

oe May 20, 1987 b __

I-1 Radliologic Health Branchnl H s , 1 (2/8:) B- 10 714 P Street; SacramentoCA 95814.



State Of Calllanha-melth and Welfale Aqeoicy Oeartment of Health SeiviCesII, ._. _ _e8 ~,

RADIOACTIVE MATERIAL LICENSE .,cene Numbe. 0_69-.43

Supphetrnntary Sheci Amendment Number 50

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.

S V. To he us,,d Ln an AECL Irradiator, Model Gammacell 220, for irradiation studies of
:mar-ridL s "i.; .Ipt,.s Lftt!d Li Condition t3 of this 1.Lncuse, as appLcable.

I10. (a) Radioactive aterLal described in this license may he used, as specLfied in
Condition 13, at the foLlowitg locations:

(1) 1111 Lockheed Way, Sunniyvale, California.
(2) 3251 Hanover Street, Palo Alto, CaLifornia.
(3) 3170 Porter Drive, Palo Alto, California.
(4) 32 Draggett Drive, San Jose, California.
(3) 227 Curtis Av, ntin, Mtilp lptas, ,al iForin..
(6) 45 Plumeria Drive, Sa. Jose, California.I (7) 930 Remillard Court, Sat, Jose, California.
(8) 940 Remillard Court, San Jose, California.
(9) Santa Cruz Facility, Rural Station Road, Santa Cruz, California.

I (10) 3380 North Harbor Drive, San Diego, California.

(b) Radioactive materiaL described in Subitems .1, I, S, T, and V may also be used
at temporary job sites of the Licenner, it areas not under exclusive federal
jurisdiction throughiutu the S. a tOf California.

i t. This license is subject to an annual fee for sutirce. of radioactive material
authorized to be possessed .it my on .L,,t as specified in Item 8 of this License.
The annual fee for this license is required by and ompitted in accordance with
Sections 30230-30232 of the California Radiation CourtroL Regulations dud is also
subject to an annual cost-of-living adjustment pursuatt to Section 113 of the
California Health and Safety Code.

12. RadLoactLve material described in thiA L.Lcense may I.! itsed as Foll.otnt:

(;i) I",.r aLl .Sul, it.:m:; (,,z.:,:lt •  ;-bit,.,, , ~. I | g '..* ,,|' { . :|. r Lul ., I )., h .. u by,

or under the s;upervision of, aly quaLLfied p urson as designated in wrLtig
by the Radiation Control Committee.

I

I For tile State Departnunt of Heawh Se'rvices

Date May 20, 1987Daby

Radiologic Health Branch
AN 25I1 (2/82 B-11 714 P Street, Sacramento. CA 95814



F I Stat.l of Caltl na-Haait and Welt&#* AqenCyOmameto alhSrge
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RADIOACTIVE MATERIAL LICENSE Pute n66rm6e 0 1U Sppe~iiniay iaetAmendment Nmb.,igr 50

(b) Radioactive material described in Subitem K of this license may- be used-by
3 individuals as follows:

(1) Maintenance and repair or ISO Vac Engineering Model V leak test-ing unit's
shall he peirformed only by individutals specifically authorized to perform
that st.rvice.

(2.) Tr~tisuilr .31 lryptoi 115 to ortroi1)n ISO Vac E~ngtineering i-loel V Leak tesc LtijI tunits~, ;and it!~ tit: Krypton 85 Lit ISO Vac Enginearing Model V leak testin-
titt In any inou orthLr tit,%n automatic inode, shall he perfor-med only by,Zor tL udt-L ,h stipt-v ision andI Lit the phys ical presence of, individuals who:

(.j) Ilnvt. rt*'6-itd .I rurttftrncte of satisfnctory completion of n course
III all is 1''.r toiut; i: I ti cstblu; tiitts con titiiiLg Kryptcon 835, stwuh
cottrii votithicri~tt by ;I pi.rsun ItLcutised to itwa Kryptcon 135 fu r that

'.V- tit~~c:L wrl.tiing, by the radIlation safety officerat

lmitt.tIi to timse Kryp tonl 85 Lin these manners.

(3) U~se of Krypton 85 In ISO) Vac Engineering Model V leak testing units inI ;mttoiatLt! modu and for tvtlng components removed from such units for
a.mtint of rad i.dctivl ty, shall be performed only by or under the supervis-C
aMid tin thi± pitysica:l. presaticu of individuals -..ho have been designatel, tn
wr i nt', v: *-'Laticin saot of ficer as qualifted to use Krypton 85 in.

3 I . rx .15s..' is %.i~cal !y or.jv Had otroewse bythi lUcense, the li--nsee shall
- ~ u~ *.s .. ,~.material described in items 6, 7, and 3 of this
I i-:.nt.:ocl .in -4t .i~ta reni , re'prosen rat!.lns;, .1:11 proiedurcs contai tit-i

I~ut pcI~dta Li rz : ,'Vh L

................................. o r~r ;t t i than the re.u! ia:ions.

'(c) Tile lettersi (oWL thm At . Ihl',htt) I.Itued 'May 1, L11'Th il hine 11, 1986 si.,ned by5C. R. Scanl on anI x. ':. ::mai-. respect Lve!y.

(d) The le tte r (Wi Lit .. rIm4inym t ited iep tvinhi.r 2 5, I1.980 s igned by A. C. 11ammmon-;.

V(e) The letter dated m).tubu.r 4, 1984 sig~ied by C. R. Scanlon.

For the State- Otoaroment of Health services

3 Oat.May, 20, 1987 . b ai-gc elhBad

A 51B-i 12- 7 4-P Stret, Sacramnwt CAl 15814
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RADIOACTIVE MATERIAL LICENSE Liadne 14mmu ..j I
Supplementary Shect

L/ (f) The letter (with attachments) dated.November 17, 1986 signed by A. C. Hammons.

*v"(g) The letter dated Novumbur 26, 1986 signed by A. C. Hlammons.

I /(h) The letter (with attachint) dated eceinber 9, 1986 signed by A. C. Hammons.

3 ,/I . I..1I. t i h i , ;) .I. I it. .lt:uit arv 16, 1987 signed by A. C. l insmi:;.

/(j) The lutt.r ( i th .atta,:11mL.Is) da ted AprLi 20, 1987 signed by A. C. 11:itrnrons.

4. (;i) The radiation safcty officer in this program shall, be A. C. Hammons.

U (h) The chiirperson of th RadLiatJon Control Committee shall be A. C. Hamleons.

(e) The 3Lturlate rudia tL ioul sCe ty uCtC er .lhaLl. be Don P. Mercado.

I I) Ctu CJAL.0) :m;ad.y ol it;U:r for L1U fai.ILty lucated at 3380 North Harbor Orive,
Sin le;io, shaIl 1. hu I,iV k SLnpsw.-

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

15. Notwithstanding the authorizations granted in Condition 9 of this license, the l.iceuseu3 is ,.-r:miCtte,: tJ f;tirictt s-aluwl sources only for its own use, provided that:

C) Fach suald s '.ihricated loes not contiln more than 5 :nilliuries.

I 3") "j u I.1ibrl .lr. t j, pd I .- i uS idt,: t., LS on L:: a:t thu "1251 Hanover Street, ?alo ALt ,
louca tion.

I . E) ,l '!l o :,Ll,'l ,',l r,. I.tthrci:,it',, hy th't li -:tn-i, shv lt he inspecte. and tes .dl for

'_:'iia.t', r j.,u 4lll *,.i..*.:L~; , m.'.lk..;l2', . clt tilart Ila tt pionli r or tj ust or tr ,, nsfer a ,
staLe,! bource, f. I LIispa tiLoil or test revenLs aily construction defects or
).005 ;n:icrocttries or .;reatttr of contmnination, tihe sourct shalt not he used or
t rlttsi trr d ;vi ; a !, li . .-i ll irct, it I i I; h lu.it rttp;iir.*d decontatinln.-t lt , 1it.!

I *,. i0.i.; i:h'inlL~t11i L-. 't:)&L i . t LL. titiri t. it idsl- , I -hal. L Iot b, oper tll ,' at
compuiit r uX :cued iUg~ '225 de-rees centi-tLratu.I

Il. i:lF:ithe State Opairiment-of Health Sevicj-

M ay 20 , 1987 _ .. ....... ,t ,c -
I II

L
I I . ..



Stale 3! hlto n ta-t4Oilth and W4fatse Agen:. Oecaatment at Health Services

RADIOACTIVE MATERIAL LICENSE ue..n Nmb.,, 2h2.
Supplenentary Shl!ct Amendment Numbei 50

17. The licensee is atithorizod to disclhargte Krypron 85 to tle environtment as requieI
by normal operation or the T83O Vac Engineering Model Mark V leak testing unit
provided that:

(.I) Not more than 200 Curies of Krypton 85 shall be discharged to the environment

in any period of 365 days.I
(1) Nlo t inor ov than 5 (5trios of Krypton 815 shal I he discharged to thl tnvi,uetl t Ln

•11: l t t't . I t l . .l l I, itd .

I18 ' licensee shall withit 24 huurs notify the California State Department of. ileaL.th
Services, 714 P Struet, Sacrattnto, CA 95814, of any discharge to the envirO.ienc of3 llwre thai 5 Curies of Krypton 85 in any period of 24 hours.

19. Ilhe Licensee is herohy granted an exemption to Section 30275 (c) of CaLiforniax
Ratilatioii Control leglatl.on'is to the extent that radioacttve foils descrihed in
Suhttem I of this l.ccCnSC may hi LUsted for Leakage or contamination at intervals
not to exceed "3 yearsi.

1.1.. "T*c Licensew :; hecthy ratited an exemption from the requirements of Sectlon 30275 (c..
* of California Radiation Control Regulations for leak testing of sealed sournes of

not more th.an 300 microc'iries of ThalLium 204 provided the licensee per!o"is lezk
tests as described in the attachment-; to the applications listed in Condition 13 of
this license.

3I Al I uses of raJ ioactive .r.itr Lal t.inJ this license shall h conducted in accor,.tr:,eWL.,h tile user's aJpplicaltf.)nto -in " tn, I lLIFying requtirem.antj of the raddlation (O~r,

(;o,::a tee . 'li,, rr'- i,"o .," ri~~r~l;ntr~li .  in: I !,.a nn..: .i t in.- :t n .L nde .n .,.,s i
I LJ ... !L L~ ' .., t . .::I ill T Li" . , (tL .forn .;I \.ni:: 6i.; tra :iv,. Code . .Se... Lon

"ilJ )4. [UfCIIntl: .l tiul: .11 " th!; iv ,il' u..:L l , h inltainod=: Fnr" , '.:€ S * .is

i it

I.' p,trt!~ nt .r il .t~; .t..Ithi,.:4 rt'rl':-.n a r i..',

'I. I'l , :.tall t 1Ei ': Ii a 3, 0 L-1 Lt o iro i t .n., tj t till- en [Sii -I-. Lilt r

I

I .. PT,, i;:i t ,. = .,auI t.l .t .1 *a l t n i. r' LItI,! .1 .11. Or~ .. i OI IC V i!.i

-(I))~u5~ ( 1) (' ~i. *i~, :' i i . iii l (o 1,103 ptii ) o C n.i t ' tiv l or 1v.It.et Led trnn ti :" I. : .I-or

ptirpasn~s of sh iulId i.n.; or :ul1A!I i-ait in in rad o1majt1ic ;tre *levices I. L..ited ill
Ttrein () of this i l~ cef.aii.f

-.-. - -- . - . - -- . - - - --

•~~~~o .t."ll! 'k . .. , O 'ult l Ai t W3 Ilt'l.; .,te .,; c§ .

Date 'Hay 20, 1987 b-y-

-- B- 14 adiolosic Halth Branch
useas~ f/az -714 P Street. Sacramneht;-CA 9!8 14
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Im • :=/,RADIOACTIVE MATERIAL LICENSE U,.,_0169-43

SuppIlemenlaoy Shct Am*endmnt Nungbg 0

f5. Detector cells containing Nickel 63 shall be tested for leakage and/or contamina-

5 tion at intervals not to exceed six months.

6. SeaLed sources possessed under this license shall he tested for leakage and/or

cuntamination its required by Section 30275 (c) of the California Radiation Control
Rmgie. I at t ons.

I. lHw:urir uf Lt.!k tes.t result s :hal.l he kept Ln units of inicrocuries and maintained

tor LUspuct iom. Rec s may be disposed of fullowing Department inspection. Any

luak test revaling the pesence of 0.005 microcuries or more of removable radio-I 'ctLve mnaterial, shalL he ruported to the Department of Health Services, Radio-

l oic Health Branch, 744 P Street, Sacramento, CA 95814, within five days of the

t .!;t. This report shall include a description of the defective source or device,
3 tehu results or. the test, and the correctLve action taken.

'8. The fotlowing individuaLs are authorized to collect wipe test samples of sealedI 4 ,irr: sosu, under thi. license using leak test kits acceptable to the
CILifornii Department of Health Services.

(a) The radiation safety officer.

(h) Any quaifted per:ion ;; dls ignated Ln writiLu, by the radtation safety officer.

I

I
I

For the-State uttartment of Health Setvics-

M ol ay 20, L987 b -,~

Dat B-1 ~iI~CKif uc
-~~ 

Ra- 714P oiit Srimig.A954



'rne.US£ NUCLIIAR RECUL,

APPLICATION FOR MATERIAL LICENSE

INSTRUCTIONS. SEE TIHE APP 'PRIATt LICENSE APPLICATION GUIDE FOR DETAILED INSTRUCTIONS FOR COMPLETING APPLICATION SEND TOOO..OF THE ENTIRE COMPLETED APPLICATION TO THE NRC OFFICE SPECIFIED BELOW

APPLICATIONS FOR DISTRIBUTION OF EXEMPT PRODUCTS FILE APPLICATIONS WITH IF YOU AMC LOCAtED fINKUU S NUCLEAR REGULATORY COMMISSION ILLINOIS INOIANA IOWA MICHICAN. MINNESIOTA. MISSOURI CMI, O00
OIVISION OP FUEL. CYCLE AND MATERIAL SAFETY. NUSS WISCONSIN. SIND APPLICATIONS TO.

WASINGONCC M"us NUCLEA REULATORY COMMISSION REGION oilAll OTHER PERS11ONS1 FILE APPLICATIONS A" FOLLOWS. IF YOU ARE MAERAS LINSGETO
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5. RADIOACTIVE MATERIAL

A. Element & Mass No. B. Chemical and/or Physical Form C. Maximum Amount
Which will be
possessed at any
one time

Nickel '= 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

3 Four (4) each Destruct Initiation Units in which the overvoltage gaps are

installed will be assembled into an Exoatmocphoric Reentry Body
Interceptor System. These missiles will be launched from Meck Island,
Kwajalein Missile Range. The Destruct Initiation Unit circuitry is

designed to destroy the (ERIS) missile system should it stray off course
or not function according to preprogramed design criteria.

I The Destruct Initiation Units will remain intact during the launch

provided the missile performs as desLgred. The Destruct Initiation Units

will remain with the booster section when It hau fulfilled its function

and is separated and ejected from the mis3ili system. The booster

section of the missile with the minuscule 160 microcuries of Nickel'"

radioactive material will be destroyed or dispersed to the atmosphere or

be scattered in the broad ocean area of the Kwajalein Missile Range.

7. INDIVIDUAL(S) RESPONSIBLE FOR THE RADIATION SAFETY PROGRAM AND THEIR

I TRAINING AND EXPERIENCE:

The radioactive materials will be used under the direction of Don P.

M ercado, LMSC Radiation Control Officer, or Jeff Beckmann, Orgn. 59-6H at

the Kwajalein Missile Range, Marshall Iclands.

Attached is a resume for D.P. Mercado, LMSC Radiation Control Officer atidI Course Enrollment/Completion cards for Jeffery L. Beckmann which

stipulate that Mr. Beckmann successfully completed LMSC's course number

OXO0IC entitled, 'Radiation Safety' and course number OXOO6E, entitled

'Over-voltage Gap Switches.'

8. TRAINING FOR INDIVIDUALS WORKING IN OR FREQUENTING RESTRICTED AREAS

All individuals working in or frequenting the area in which these devices

are used or stored shall receive instructions that are commensurate with

the degree of hazard in accordance with the Code of Federol Regulations,

Title 10, Part 19.
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A slide/tape training program course number OX0O6E, entitled "Overvoltage

Gap Switches,' has been developed specifically for this particular
program. All employees frequenting any area in which these devices are

used or stored shall receive this training.

9. FACILITIES AND EQUIPMENT

The Destruct Initiation Units containing the overvoltage gap switches

shall be stored in locked cabinets and secured against unauthorized

removal.

10. RADIATION SAFETY PROGRAM

RADIATION SAFETY PROGRAM
FOR OVERVOLTAGE GAP SWITCHES USED IN

EXOATMOSPHERIC REENTRY BODY

INTERCEPTOR SYSTEM

10.1 BACKGROUND

An overvoltage gap switch (PN 3084386) is used in packages integral to

the Exoatmospheric Reentry Body Interceptor Missile System. These gap

switches contain 40 microcuries of fliclelA" a radioactive isotope of

nickel. The amount of radioactive material irn these components places
them under the requirements of the Code oi Fedrral regulations pertaining

to control of radiation sources.

10.2 PURPOSE AND SCOPE

The purpose ol this program is to define the requirements for use of the

materials at Kwajalein Missile Range.

10.3 RECORDS

Lockheed Missiles & Space Company, Inc., shall establish a system for

recording all receipts and transfer of these controlled units. Records

shall include, by serial number, date received, each transfer of custody,

and installation by missile serial number.

10.4 INSTRUCTION OF AFFECTED PERSONNEL

All personnel involved 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 work. are4 or made available to affected personnel.

10.5 STORAGE AND WORK AREA CONTROL

When not in use, controlled packages shall be secured to prevent

unauthorized access or removal. All receipts, processing, and transfer

of controlled packages must be controlled by personnel who have satisfied

requirements of paragraph 4.0. All work areas containing three or more
Destruct Initiation Units must be'posted with *CAUTION RADIOACTIVE
MATERIAL' signs.
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10.6 AUDITS

3 Compliance with the Radiation Program shall be assessed by frequent and
random audits of the affected areas and associated functions.

m FORMAL TRAINING IN RADIATION SAFETY N/A

3 EXPERIENCE N/A

11. WASTE MANAGEMENT

Four (4) each Destruct Initiation Units in which the overvoltage gaps are
installed will be assembled into an Exoatmospheric Reentry Body

Interceptor System. These missiles will be launched from Meck Island,

m3 Kwajalein Missile Range. The Destruct Initiation Unit circuitry is

designed to destroy the (ERIS) missile system should it atray off course
or not function according to preprogramed design criteria.

I The Destruct Initiation Units will remain intact during the launch

provided the missile performs as designed. The Destruct Initiation Units

will remain with the booster section when it has fulfilled its function

and is separated and ejected from the missile system. The booster

section of the missile with the minuscule 160 microcuries oi Nickel'

radioactive material will be destroyed or disported to the atmosphere or3 be scattered in the broad ocean area of the Kwajalein Missile Range.

All Destruct Initiation Units not uzed in the test at the Kvajalein3 Missile Range shall be returned to:

Lockheed Missiles & Space Company, Inc.

Orgn. 47-20, Bldg. 106
1111 Lockheed Way
Sunnyvale, CA 94089
Attention: D. P. Mercado
Radiation Control Officer

I,
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1 EMERGENCY PROCEDURES

FOR AN

:1 UNPLANNED INCIDENT INVOLVING THE

GAP SWITCH, PN 3004386

1. The only way that radioactive material can escape is if the gap switch is
physically damaged in some way, such as crushing it, striking it, or
applying some sort of mechanical force or pressure, or if a leak develops
in the encapsulator material, or the material is engulfed in aL fire or
damaged by explosive force.

2. All personnel are to evacuate the room or area immediately, whenever it
is suspected that the integrity of the gap switch is compromised by any

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

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

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

RADIATION CONTROL OFFICER

Phone Phone Kwajalein
Sunnvvale Home Safety Office

LMSC, Inc. -- D. P. Mercado (408) 742-0759 (408) 730-8229I L SC, Inc. -- Jeff Beckmann (805) 238-7994
ext. 7012

BI2
I
I
|
!



U
I

I
1
N APPENDIX C

DISTRIBUTION LIST

FOR

N Ni63 EA

U
I
I
I
I
I
U
II
I
ii
I
<l __________



DEPARTMENT OF DEFENSE AGENCIES

U.S. Army Strategic Defense Command U.S. Army Kwajalein Atoil
ATITN: CSSD-TD ATIN: CSSD-KA-DE
P.O. Box 15280 P.O. Box 26
Arlington, VA 22215-0280 APO San Francisco, CA 96555-2526

U.S. Army Strategic Defense Command U.S. Army Kwajalein Atoll
ATTN: CSSD-RM ATTN: CSSD-KA-D
P.O. Box 15280 P.O. Box 26
Arlington, VA 22215-0280 APO San Francisco, CA 96555-2526

U.S. Army Strategic Defense Command U.S. Army Kwajalein Atoll
ATIN: CSSD-EA ATTN: CSSD-KA-H
P.O. Box 15280 P.O. Box 26
Arlington, VA 22215-0280 APO San Francisco, CA 96555-2526

U.S. Army Strategic Defense Command U.S. Army Kwajalein Atoll
ATTN: CSSD-EN A'ITN: CSSD-KA-P
P.O. Box 1500 P.O. Box 26
Huntsville, AL 35807-3801 APO San Francisco, CA 96555-2526

U.S. Army Strategic Defense Command U.S. Army Kwajalein Atoll
ATITN: CSSD-GI ATTN: CSSD-KA-R
P.O. Box 1500 P.O. Box 26
Huntsville, AL 35807-3801 APO San Francisco, CA 96555-2526

Ur.S. Army Strategic Defense Command U.S. Army Kwajalein Atoll

ATTN: CSSD-PA AITN: CSSD-KA-RS
P.O. Box 1500 P.O. Box 26
Huntsville, AL 35807-3801 APO San Francisco, CA 96555-2526

U.S. Army Strategic Defense Command U.S. Army Kwajalein Atoll
ATTN: CSSD-LC AT'TN: CSSD-KA-GI-U
P.O. Box 1500 P.O. Box 26
Huntsville, AL 35807-3801 APO San Francisco, CA 96555-2526

CONTRACTORS

Lockheed Missiles and Space Company Teledyne Brown Engineering
P.O. Box 3504 ATTN: Military Applications, MS180

. .... ... , , -J~- O ,-.,t,. . Spafrkiiai Drive
Huntsville, AL 35807-5301
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FEDERAL, STATE, AND LOCAL GOVERNMENT AGENCIES

U.S. Environmental Protection Agency, Department of StateL Region 9 ATTN: Office of Freely Associated

ATrN: Office of Pacific ana Native States Affairs (Rm 5317)
American Program 22nd & "C" Street NW

3 1235 Mission Street Washington, DC 20520
San Francisco, CA 94103

U LIBRARIES

Alele Museum/Library Defense Technical Information Center
c/o Ministry of the Interior and FDAC Division
Outer Island Affairs Cameron Station

i Republic of the Marshall Islands Alexandria, VA 22304-6145
Majuro, Marshall Islands 96960
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