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1.0 PURPOSE AND NEED FOR ACTION

The United States (US.) is proposing to purchase plutonium-238 (Pu-238) from the Russian
Federation (Russia) forusein the Nation's space program, The National Environmental Policy
Act of 1969 (NEPA), as amended, requires the assessment of environmental consequences of
all major Federal actions that may significantly affect the quality of the human environment.
Accordingly, the U.S. Department of Energy (DOE) prepared this Environmental Assessment (EA)
toidentify andevaluate the environmental consequences of importing Pu-238 fuel from Russia,
andofthe initial tmnspon andprocessing ofsuchfuel within the U.S., asnecessary, to add the
fueltothe existing U.S. inventory. Since theproposed action involves ocean transpoti, DOE also
considered the environmental consequences of this action on the global commons in accordance
with Executive Order 12114 and DOE Guidelines for Compliance with Executive Order 12114.

1.1 BACKGROUND

The Atomic Energy Act of 1954, as amended, authorized DOE to develop nuclear energy systems
for its own programs andin support of other organizations, The Acf also authorized DOE to
produce such systems and directed DOE to take necessary actions to assure such systems are
used in a safe manner. Under this charter, DOE has developed and provided Pu-238
radioisotope power systems forspace and terrestrial missions for the past30 years.

Radioisotope thermoelectric generators (RTGs) fueled with Pu-238 have provided electrical power
foranumber of National Aeronautics and Space Administration (NASA) space missions. Dueto
the relatively long half-iifeof Pu-238 (87.8 years) andthe absence of any moving parts, RTGs
provide long-term reliable sources of spacecraft electrical power. In addition, Light-Weight
Radioisotope Heater .Units(RHUs) fueled with Pu-238 can beused to provide local heating of
spacecraft components. The Galileo and Ulysses spacecraft, launched in 1989 and 1990to
study Jupiter andthepolar regions of the Sun, respectively, arepowered by Pu-238fueled RTGs.
These missione could not be accomplished without RTGs due to mission duration and distance
from the Sun, rendering theuseof chemical batiefies orsolar panels infeasible. The scientific
and technical knowledge gained from these missions isvastly expanding ourknowledge of the
universe. Future NASA missions for which RTGs are being considered include the Cassini
mission, designed to explore Saturn and its moons, planned for launch in 1997. Other
interplanetary missions are in the planning stages by NASA for launch in the time frame beyond
1997,

The NASA updated strategic plan forthe Solar System Exploration Program identified a series
of space exploration missions to achieve national goals, including a broadly based set of
individual missions ranging from flybys, to orbiters and simple landers, to sophisticated robotic
missions, Theavailabil~ anduseof Pu-238tieled systems till makethese planeta~exploration
missions possible. A series of precursor missions to the Moon and Mare has also been
considered, From the broad set of potential missions, NASA has identified missions that will
most likely besupported and approved, and forwhich Pu-238fueled RTGsand RHUs are being
considered (NASA 1992). These missions would require atotalof 132 kilograms (kg)of Pu-238
through the year 2000. Of the 64 kg of usable Pu-238 in the current DOE inventory,

approximately one half is allocated to the Cassini mission. Since the steps involved in
transforming Pu-238 in the U.S. inventory into assembled and fully qualified RTGs and RHUS
require several yeare, such Pu-238 must be made available years ahead of planned mission
launches.
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The operations and facilities which have been involved in the production and processing of all
U.S. Pu-238 are located at the Savannah River Site (SRS), with subsequent fuel fabrication and
assembly processes leading to a fueled RTG currently carried out at Los Alamos National
Laboratory (LANL) and Mound Laboratory. The production and processing of Pu-238 at SRS
has been performed in facilities whose primary function has been the production of defense
nuclear materials.

Previous produdion of Pu-238 at SRS involved the irradiation of neptunium-237 (Np-237) targets
with neutrons in a nuclear reactor. The capture of a neutron by the Np-237 forms Np-238, which
in turn decays with about a 2-day half-life to Pu-238. Following irradiation in the nuclear reactor,
the targets are allowed to decay prior to being dissolved in H-Canyon facilities and processed
to recover Pu-238. The recovered pu-238 is purified and converted to Pu-238 dioxide before
being shipped offsite for further fabrication. The Np-237 is produced by successive neutron
capture by uranium-235 (U-235) in nuclear reactor fuel during the operation of a reactor, and
recovered during the processing of the spent nuclear fuel in the SRS H-Area Canyon
reprocessing facility. The recovered NP-237 is purified, converted to oxide form and fabricated
into targets for irradiation.

The SRS facilities are also used to reprocess, reclaim and blend Pu-238 inventory material in
various oxide and scrap forms to meet product specification, as will be done for the Cassini
mission. An EA issued previously by DOE addresses the processing at SRS and fabrication at
LANL of the Pu-238 currently in the U.S. invento~ (DOE 1991 c).

1.2 PURPOSE OF AGENCY ACTION

The purpose of this agency action is to supplement the U.S. inventory of Pu-238 available as heat
source fuel. This would enhance DOES ability to satisfy near-term mission requirements for
NASA outer planetary exploration programs and other activities until alternative sources of supply
are identified. No other radioisotope is available, qualified, or economically and technically
practical to fulfill the unique requirements imposed bythe proposed missions identified. DOE
hss the charter and responsibility to assure that it maintains the capability to provide the Pu-238
needed to support these National missions.

1.3 NEED FOR AGENCY ACTION

The availability of SRS facilities for continued production of Pu-238 in the near-term has changed.
The DOE is in the process of planning the reconfiguration of the Nuclear Weapons Complex to
be smaller, Iessdiveree, and less expensive cooperate than the present configuration (DOE
1991a and d). This activity is being addressed in a Programmatic Environmental impact
Statement (PEIS) currently in preparation, The final configuration of the Complex will include
consideration of a replacement for the current tritium production capability provided by the
existing SRS production reactors. Areplacement tritium production facilii could also possibly
beusedfor Pu-238 production. Thus, the future approach to Pu-238 production is uncertain and
will not bedecided for several years. in addition, other changes are planned in the production
complex that will have amajor impact on Pu-238 production and processing. These include:
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. The K-Reactor at SRS has been placed in cold standby. Future Pu-238 production
in this reactor is not currently being planned,

. It has been decided to phase out reprocessing of Highly Enriched Uranium (HEU)
fromthe Weapons Complex. Thiswill result intheshutdown of H-Canyon and related
facilities at SRS and the Idaho Chemical Processing Plant (ICPP) at the Idaho National
Engineering Laboratory (lNEL)within thenext5t06 years.

Shutdown of K-Reactor will eliminate both the irradiation of the Np-237 targets and the availability
of thedriver fuel asasource ofnew Np-237. Phaseout of H-Canyon reprocessing will eliminate
the capability to obtain the Np-237 from the driver fuel; to process the irradiated targets to
recover Pu-238and Np-237; andtoprocess andrecycle Pu-238scmp material, Shutdown of the
ICPP will eliminate the potential of obtaining Np-237 from reprocessing Naval Reactor spent fuel,
If these existing facilities were to continue operation with the sole mission of supplying Pu-238,
the unit cost of the product to the using programs and agencies would increase very
substantially.

The DOE is evaluating the issue of how and at what cost it will provide Pu-238 for projected
NASA space missions. The reduction by about half of the US. inventory to support the Cassini
mission, and the recent decisions affecting future production and processing at existing DOE
facilities require the consideration of alternate sources for Pu-238 in the near-term, These
potential interim sources include Pu-238 of foreign origin,
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2.0 PROPOSED ACTION AND ALTERNATIVES

2.1 PROPOSED ACTION

The proposed action is for DOE to import upto40 kg of Pu-238 fuel (isotope mass) in the
dioxide form from Russia over the next 5 years in 5 kg increments in order to supplement the
current inventoy tohelpsatis~ mission requirements through theyear2OOO. The Administration
has granted DOEapproval tonegotiate this purchase.

The proposed action includes the transportation of Russian Pu-238 in 5 kg increments by Russian
flagged vessel from St. Petersburg, Russia, toa U.S. port of entry. The U.S.willsupp’ly Mound
1 Kilowatt Thermal (KW)Packages forthese shipments. The Moundl KWPackages arecertified
by DOE and the U.S. Department of Transportation (DOT for domestic and international use.
From the US. port of enty, the shipments will be transported by DOE Safe Secure Trailer (SST)
toeifherthe SRSin Soufh Carolina orlANLin New Mexico, Anyimported fuel notmeeting U.S,
specifications would undergo limited processing at SRS, as described in DOE/EA-0534 (DOE
1991c)for the Cassini mission Pu-238fuel processing campaign, and beadded tothat portion
of the existing U.S. Pu-238 inventory located at SRS. This processing would remove any
impurities from the Russian fuel. ltisexpeded thatonly approximately the first 5kgofthe4O kg
would require processing at SRS, although for purposes of this EAthe impacts of transporting
al140 kg of Pu-238to SRS for processing and storage have been analyzed, Imported Pu-238
meeting U.S.specifications would beadded tothatpotiion of theexisting U,S. Pu-238 inventory
located at LANL. This proposed action includes transportation from the port at St. Petersburg to
either SRS or LANL.

2.2 ALTERNATIVES TO THE PROPOSED ACTION

The DOE has considered a number of alternatives to the proposed action, These include
alternatives to production and sources of supply, and alternative ports of entry for transporting
Pu-238for the proposed action.

2.2.1 Pu-238Production and Supply Alternatives

Potential near-term alternatives to supplement the current supply of Pu-238 include:

. K-Reactor Alternative

This alternative consists of dedicated production in the K-Reactor at SRS. In
accordance with the Record of Decision by the Secreta~ of Energy on the Final
Environmental Impact Statement on the continued operation of K-, L-, and P-Reactors,
(DOE 1990), K-Reactor wastoundergo apetiod ofoperational testing and then be
placed in cold standby, with its operation inthefuture determined by the need for
tritium in support of the DOE Weapons Complex, rather than by Pu-238 requirements.
Subsequently, following a curtailed period ofoperational testing, the K-Reactor was
placed in cold standby in March 1993. The uae of K-Reactor solely for Pu-238
production would result inhighunit cost of the Pu-238compared to the proposed
action andother alternatives. The use of K-Reactor to produce Pu-238 would require
areveraal of current DOE planning and would only reconsidered if the purchase of
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Russian Pu-238 was not consummated, or if a requirement for a large amount of
Pu-238 were to become necessay.

● Purchase from Great Britain Alternative

Preliminary discussions indicate that small quantifies (less than kg quantities) of Pu-
238 could be made available from Great Britain, but larger quantities would require
e~ensive investments by Great Britain in its facilities which would require several
years to construct. Further discussions between the U.S. and Great Britain would be
required before this option could be considered. Given that only the U.S. and Russia
have significant Pu-238 production capability and inventory, this alternative is not
considered viable if DOE is to be responsive to NASA’s needs as they arise in the
near term.

. Purchase from France Alternative

Prelimina~ discussion indtcates that Pu-238 could be made available from France in
the late 1990s. As under the previous alternative, this alternative is not considered
viable given the need to be responsive to NASAS needs as they arise,

. No Action Alternative

The No Action Alternative consists of not purchasing the Russian Pu-238 fuel, nor
providing additional supply by other alternatives. Under the No Action Alternative,
projected Pu-238 mission requirements through the year 2000 could not be satiafied
with the current U.S. inventory and some of the space missions considering Pu-238
as planned by NASA would not be feasible.

2.2.2 Transportation Alternativea

Theproposed action could be carried out using alternative U.S. ports ofenty for subsequent
shipment to either SRS or LANL. DOE identified 38 ports of entry on the Atlantic, Gulf, and
Pacific coasts of the U.S. forconsideration asaltematives, listed in Table 2-l. As addressed in
this EA these poti locations include both civilian and U.S. Naval port facilities in the listed vicinity.
Although the alternatives considered include all major ports on the three coasts, the majority of
which arelocated inthe larger metropolitan areas, smaller ports with lowpopulation densities in
the port region were also included to span the range of population densities in the evaluation of
alternatives.

Factora considered by DOE intheevaluation ofalternative ports ofentry included:

. Ocean distance from St. Petersburg to port of entry

. Highway distances from port of entry toSRS and UNL

. Transportation health risk (including the ocean transport to the port of entry and
highway transporl from the port of entry to SRS or IANL)

● Experience factors related to Russian familiarity with port facilities, and port experience
with international cargo vessels importing radioactive materials
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Table 2-1

Alternative Ports of Entry Considereda

Atlantic Coast Ports Gulf Coast Ports Pacific Coast Ports

Batimore, MD Beaumont, TX Long Beach, CA
Boston, MA Corpus Christi, TX Los Angeles, CA
Hampton Roads, VA Galveston, TX Oakland, CA
New York, NY Gulfporl, MS Port Hueneme, CA
Philadelphia, PA Houston, ~ Richmond, CA
Wilmington, DE Mobile, AL Sacramento, CA
Charleston, SC New Orleans, LA San Diego, CA
Jacksonville, FL Port Arthur, ~ San Francisco, CA
Miami, FL Tampa, FL Stockton, CA
Morehead C@, NC Portland, CA
Port Everglades, FL Seattle, WA
Savannah, GA Tacoma, WA
Wilmington, NC
Femandina Beach, FL
St. Ma~s, GA

aNo ranking is implied in the port listing,
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. Port access in terms of direct ocean access versus the use of rivers and inland
waterways

● Compatibility with existing port operations

● Safeguards and security

Unless available information indicated othetwise, all 36 ports have been assumed to be adequate
for ocean cargo vessels regarding port cargo handling facilities, channel depth, and vessel
turning and maneuvering areas.

The approach to evaluating transportation risk using the HIGHWAY 3.0 (Cashweli 1989) and
RADTRAN 4.0 (Neuhauser 1989) computer codes has been described in Appendix A. Details on
the rationale used by DOE in identifying alternatives ports of entry for consideration and their
evaluation in selecting a preferred alternative are presented in Appendix B.

The results of the evaluation of alternative pofls of entry presented in Appendix B concluded:

. The transportation risks and relative risks of all the alternatives considered were found
to be small, with the risk to an individual of the public less than 10-7 (probability of
fatality). The risks were dominated by the contributions of highway traffic fatalities and
incident-free worker radiation exposure, rather than by accidents involving the release
of Pu-238 fuel.

. The contribution of port accidents to the total risk of any given alternative was found
to be small, approximately 10 percent. Thus, port population density does not
become a discriminating factor in the quantification of dsk, Although it might be
perceived that a port with a low population density would reduce the risk, it does not
do so in a significant manner.

Based on these results, DOE concluded that although selecting a port of entry using a minimum-
risk approach is desirable when possible, it offered no clear advantages given that the total risks
and relative risks of all the alternatives considered are small. This is especially true when the
other evaluative criteria factors identified previously are taken into account. Based on these
considerations, initial screening conclusions regarding the port of entry groups along the three
coasts were as follows.

. For transportation to SRS, porta along the Atlantic Coast are preferable because they
minimize transportation distance and risk compared to ports on the Gulf and Pacific
Coasts.

. For transport to LANL, since the differences in transportation risks for ports along
each of the three coasts are not significantly different (within a factor of 1.6),
transportation distance becomes a discriminating factor. Generally, for exclusive use
per unit distance travelled, ocean transpoti is more costly, and requires more time,
people, and fuel than highway transport. A related consideration is that minimizing
ocean transport distance also minimizes the risk of loss of cargo at sea in case of an
accident. Due to the significantly longer ocean transport distances involved, the
Pacific coast pofls are less preferable than the Atlantic and Gulf Coast ports. For the
same reason, but to a lesser degree, the Gulf Coast ports are less preferable than the
Atlantic Coast ports.
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As an added consideration in transport to IANL, based on the information presented
in Appendix A, accident rates in the Gulf of Mexico are approximately twice those in
the Atlantic. Thus, this is another reason for preferring Atlantic coast ports to Gulf
coast ports for shipment to LANL.

Given that Atlantic coast pofis in general were found to be preferable for shipments to both SRS
and LANL to those on the Gulf and Pacific coasts, a second tier screening of Atlantic coast ports
based on the evaluative criteria identified above resulted in the selection of Hampton Roads, VA
as the preferred port of entry for the proposed action. The principle reasons for this selection
are as follows:

●

●

●

●

Differences in relative risk among the alternative ports of entry along the Atlantic coast
were found to be small (within factors of 3.0 and 1.2 for SRS and IANL, respectively).

Hampton Roads, VA has a number of commercial and US. Naval port facilities that
could be used, thus maximizing DOES flexibility in the required porl activities under
the proposed action.

Hampton Roads has a full time port risk management staff and is experienced in
handling cargo vessels importing foreign radioactive material, such as spent fuel
(DOE1991b).

The Dresence of the US, Naval Dort facilities would increase safetv and help to assure
the ~ecure transfer of cargo from the Russian vessel to the SS~s in preparation for
highway transpoti. In addition the emergency response capabilities and assets
available at those port facilities would be advantageous in the event of an accident.

When DOE considered the commercial and US. Naval port facilities in the Hampton Roads area
in light of the above conclusions, the Norfolk Naval Base was selected as the preferred port
facility, Besides meeting basic criteria, it also would provide enhanced safeguards and security
during the transfer operations of the Pu-238 fuel cargo from the Russian vessel to the SSTS.
Representatives of the US. Navy have stated that the proposed action would be more compatible
with exiting operations at the Norfolk Naval Base than with operations at other US. Naval port
facilities in the area.
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3.0 REFERENCE DESIGN INFORMATION

This section presents reference design information to provide s basis for the analysis of the
environmental consequences of the proposed sction.

3.1 CHARACTERISTICS OF PU-238 FUEL

In selecting a radioisotope for use in space applications, DOE conducted a screening process
of potentially usable radioisotopes. Various factors, such as specific power, half-life, availability,
gamma and neutron radiation, radiation hazard, and chemical form wers considered, with Pu-238
in a dioxide form selected for the following reasons:

● High-specific thermal power, resulting from alpha decay w[th high-specific activity

● Safe with respect to nuclear criticality under all conditions of use

● 87.8 year half-life, providing a long-term source of power

● Low vaporization potential of the chemical form (dioxide) in fire environments

● Insolubility of the chemical form (dioxide), reducing its mobility in the environment, if
released

● Low gamma-radiation level and acceptable neutron emission level

The Pu-238 fuel form intended for purchase from Russia is a plutonium dioxide powder
containing about 85 percent by weight of Pu-238 dioxide. Each 5 kg shipment of Pu-238 (isotope
mass) corresponds to 6,67 kg of plutonium dioxide. The bulk density of the powder is
approximately 3.5 9rSms per cubic Centimeter with a specific activity of 12.6 Curies per gram and
a specific thermal power of 0.42 Watts per gram.

3.2 TRANSPORTATION GUIDELINES AND REQUIREMENTS

The containers to be used to ship the Pu-238 fuel must meet the transportation and safety
requirements of U.S, andthe Rusaiain accordance wtihintemational agreements. The protection
of the public and transport workers from hazards associated with the shipment of the Pu-238 fuel,
classed asspecial nuclear material, is achieved by a combination of limitations on the contents,
the package design, andthemethod of shipment, as discussed below.

The International Atomic Energy Agency (IAEA), an agency of the United Nations, establishes the
international standards for the rules governing radioactive material transportation throughout the
world (IAEA 1985). The emphasis of the IAEA radioactive material transpoti standards is on
ensuring packaging integrity. The packaging must be designed to protect against a release of
material even in s severe accident. The packaging must be shown to survive a hypothetical
accident sequence that includes impact, crush, puncture, fire, and water immersion. The level
of protection isdefined bythenature of the contents. These standards I)address safefyforthe
control of radiation hazards to pereons, property, and the environment; and 2) stress the
shippets contribution to safety,
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Both the U.S. and Russia are members of the IAEA, and by agreement, follow the IAEA standards
regarding the packaging and shipment of radioactive materials. Therefore, U.S. and Russian
regulations for the packaging and shipment of radioactive materials are consistent with the IAEA
standards. Within the U.S., all aspects of transportation of these materials are regulated at the
Federal level by the U.S. Department of Transportation (DOT). In addition, certain aspects, such
as limitations on gross weight of trucks, are regulated by individual States.

A package shipped by highway in exclusive-use closed transport vehicles may not exceed
radiation levels as Provided in 49 CFR 173. This includes a limit of 2 mrem per hour at all normal
crew positions in the vehicle. However, this provision does not apply when the vehicle crew
personnel are operating under a radiation protection program and wear radiation exposure
monitoring devices, as will be the case for transportation activities under the proposed action.

The type of radioisotope and quantity represented by the Pu-238 fuel that is the subject of this
EA result in it being classed as special nuclear material, and it must be packaged and shipped
in accordance with IAEA standards, and U.S. and Russian regulations applicable to Type B
packages. Type B packages must survive certain severe hypothetical accident conditions, as
defined in 10 CFR 71.73, that demonstrate resistance to impact, crush, puncture, fire, and water
immersion. Packaging designs that meet the Type B performance criteria under both
international standards and U.S. regulations are considered by DOT, DOE, and the U.S. Nuclear
Regulatory Commission (NRC) to provide adequate protection of the public and operating
personnel in the event of a transportation accident.

A Safety Analysis Reporl for Packaging (SARP) must be prepared for new shipping package
designed, developed, and fabricated for offsite shipments of special nuclear material by DOE.
Approval of the SARP results in issuance of a Certificate of Compliance for the packaging and
its use. Once certified by DOE, a Certificate of Competent Authority is obtained from DOT to
allow the package to be used for international shipments.

Radioactive material being imported by the US, maybe offered and accepted for transport when
packages are prepared for shipment in accordance with IAEA standards and U.S. regulations (1O
CFR 71,49 CFR 173, and DOE Orders), Inspection and enforcement activities by the U.S. Coast
Guard (USCG) are carried out both in port and on ships operating in navigable waters of the U.S.
Prior notification for all vessels and special notification requirements for this type of cargo are
required by the USCG.

3.3 DESCRIPTION OF U.S. SHIPPING PACKAGES

Shipping packages provided by the U.S. will be used in the shipment of the subject Pu-238
dioxide within Russia, by ship, and within the U.S. from the port of entry to either SRS or MNL.
The Mound 1 Kilowatt Thermal (KWj Package, designed by EG&G Mound Applied Technologies,
Inc., will be used for the proposed shipments.

The Mound 1 w package was designed to comply with the regulations that govern the transport
of Type B quantities of Fissile Class I plutonium heat-source material, The package was
evaluated anal~ica]ly and tested to determine tis compliance with the applicable regulations for
Type B certification. This means that two containment levels exist within the package, which was
analfied and teated to meet the daaign basis accident conditions and still maintain containment,
A SARP haa been prepared for the Mound 1 w Package, containing results of evaluation and

3-2



tests that demonstrate the package’s compliance with applicable regulations of 10 CFR 71
regarding the general standards for normal conditions of transport and the standards for
hypothetical accident conditions (EG&G 1993). The SARP has been approved by DOE, and both
DOE and DOT certifications, indicating that the Mound 1 KW Package meets the criteria cited in
Section 3.2, have been received,

The design specifications for the Mound 1 I(W package allow for a maximum of 1,04 kg of Pu-
238 dioxide per package. The Russian Pu-238 dioxide powder will be contained in welded,
stainless steel product cans which will then be placed doubly-contained (inside primary and
secondary stainless-steel containers) in the Mound 1 KW Package, Due to differences in product
can loading, up to 8 Mound 1 KW Packages will be required to accommodate each 5 kg (Pu-238
isotope mass) shipment. Two Safe Secure Trailem (SSTS) will be required in the highway
shipment of each 5 kg purchase, with the packages distributed between the two SSTS.

3.4 RUSSIAN TRANSPORTATION ACTIVITIES

The Pu-238 fuel will be placed in product cans at the Russian Federation’s Mayak production
facility at Chelyabinsk, Russia, and then into the Mound 1 KW Packages. The Mound 1 KW
packages will then be placed inside International Shipping Organization (ISO) containers which
will be locked and sealed with tamper indicating devices. The ISO containers will then be
transported by rail to St, Petersburg from Chelyabinsk. At the dock in St, Petersburg the ISO
containers will be loaded by crane onto the Russian cargo vessel, The material will then proceed
by ship, non-stop, to a U.S. port. The preferred port of entry is Hampton Roads, VA, the rationale
for which is presented in Section 2.2.2 and Appendix B.

3.5 U. S. TRANSPORTATION ACTIVITIES

Upon arrival of the Russian cargo vessel at Hampton Roads port facilities, the ISO container seals
will be inspected and an exterior radiation survey conducted, The ISO containers with the Mound
1 KW Packages inside will be off-loaded by crane onto the dock. The ISO containers will be
moved to a designated area where the Mound 1 KW Packages will then be transferred by forklift
to SSTa prior to highway transpott to IANL or SRS. The transfer operation from the cargo vessel
to the SSTS will be conducted by DOE and DOE contractor personnel, All activities and
personnel radiation exposure will be monitored in accordance with established DOE procedures.

Shipment of the material under the proposed action from the port of entry to the SRS or LANL
by SSTs will be made by DOE Albuquerque Operation Office’s Transportation Safeguards Division
(TSD), These shipments will be in accordance with DOT regulations (49 CFR 171-1 79) and DOE
Orders. The safety design features of the Type B,shipping package, represented by the Mound
1 KW Package, coupled with the impact protection and thermal shielding (in case of fire) of the
SST, ensure that no release of Pu-238 could occur in all but the most severe, low probability
accidents.

The DOE-TSD safety standards effectively minimize the probability of accidents. DOE-TSD has
never experienced a radiological accident in several million miles of highway transporl and the
DOE-TSD safety record is several times better than that of the commercial trucking industry.
Shipments of material are constantly monitored and tracked to ensure prompt attention and
proper notification of authorities in the event of an accident. If an accident should occur, drivers
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are trained to make a preliminary assessment of the situation. If necessary, radiological
assistance teams are readily available to help mitigate the consequences of the accident.

3.6 SRSPROCESSING AND STORAGE

The US. specifications for the imported Pu-238 establish limits on chemical impurity levels
necessary toensure product quality, performance, andmaterial compatibility forspace mission

applications. The initial 5 kg shipment is known to have a cerium level in excess of the U.S.
specifications. However, subsequent shipments should meet U.S. specifications. Any such
imported Pu-238 not meeting U.S. specifications will be processed through facilities at SRSto
remove any impurities, although the proposed action includes provisions to process up to the
entire imported amount (40kg) should it be necessary. After processing, the Pu-238 would be
stored at SRS. The SRS facilities required to process and store Pu-238 have been addressed
in DOE/EA-0534 (DOE 1991c).

3.7 UNLHANDLING AND STORAGE

Any Pu-238transpotied to UNLwill beadded tothe Pu-238invento~ at UNL. Nochangesto
physical strudures will berequired at WNLaspati ofthis proposed action. The L4NLfacilities
required to receive, handle, and store Pu-238 have been addressed in DOE/EA-0534 (DOE
1991 C).
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4.0 AFFECTED ENVIRONMENT

During the transportation sequence from point of origin in Russia to the U. S., and within the U.S.
from the port of entry to either SRS or LANL, various environments could be affected by the
proposed action. These potentially affected environments include the Russian land and port
environments, the marine environment, the U,S, port locale, highway routes, LANL, and SRS.
Each of these is discussed below in connection with the proposed action,

4.1 RUSSIAN AFFECTED ENVIRONMENT

Russia is the cooperating partner in the proposed action with the U.S. As such, Russia exercises
its sovereign authority to regulate activities conducted in its nuclear facilities and the handling of
nuclear materials within its territorial boundaries, Thus, the Russian environment that could be
affected by this proposed action, including Pu-238 facility sites, land transportation routes, and
loading port, are not addressed in this EA.

4.2 OCEAN ENVIRONMENT

The ship transporting the Pu-238 fuel from St, Petersburg, Russia, to the preferred port of entry
(Hampton Roads, VA) would use normal shipping lanes through the Baltic Sea, North Sea, and
Atlantic Ocean. The ocean transpori distance from St, Petersburg to the preferred poti of entry
(Hampton Roads, VA) is estimated to be 8,500 kilometers (km).

4.3 U.S. AFFECTED ENVIRONMENT

4.3.1 Port of Entry

The preferred port of entty for the proposed action is Hampton Roads, VA, located at the mouths
of the James and Elizabeth Rivers at the base of the Chesapeake Bay. Hampton Roads consists
of several civilian and U.S. Naval port facilities. The majof~ of research reactor spent fuel
shipments to the U.S. by sea has been shipped through the Hampton Roads marine terminals.
Hamptons Roads has full-time risk management staff and several yeare of experience handling
radioactive materials cargo, such as spent fuel casks.

Within Hampton Roads, the Norfolk Naval Base is the preferred pofi facility. The population
density of Norfolk, VA, where the largest port facilities are located in the Hampton Roads area,
is 2,000 persons per square km (US DC, 1988). This value has been used in the analysis,

4.3.2 Land Transportation Routes

Historically, all shipments of Pu-238 dioxide in the U.S. have been made by truck, Because of
their high and uniform levels of engineering and safety, the interstate Highways have been
identified by DOT as preferred routes for transport of highway-route-controlled quantifies of
radioactive materials. The highway transport routes of interest are those from Hampton Roads,
VA to SRS or IANL. The HIGHWAY 3.0 computer code (Cashwell, 1989), described in Appendix
A, Section A.1, was used to determine the distances travel led in areas of urban, suburban, and
rural population density zones for these highway routes, as summarized in Table 4-1.
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Table 4-1
Highway Transportation Distances from Preferred Port of Entry

(Hampton Roads. VA)

~
a Averages 6 persons per square km
‘ Averages 719 persons per square km
‘ Averages 3861 persons per square km

4.3.3 SRS

Processing of any imported Pu-238 not meeting US. specifications would occur at SRS. As
previously discussed, the Pu-238 would be stored at SRS after processing. Existing SRS
facilities for processing Pu-238 consist of the 221 -H B-Line located in H-Area Canyon Building,
including the Scrap Recovery Facility and the Plutonium Oxide Facility. The Storage Vault Facility
would be used to store the Pu-238 after processing. No new facilities would be required. The
SRS encompasses approximately 800 square km in southwestern South Carolina. It borders the
Savannah River for about 27 km. The SRS has a temperate climate with mild wintera and long
summers, SRS facilities include production reactors, separations facilities, and support facilities
for the production of Federal nuclear materials, Approximately 550,000 persons live within an 80-
km radius of SRS that includes portions of South Carolina and Georgia. Details of the affected
environment at SRS in the contexl of Pu-238 processing have been addressed in DOE/EA-0534
(DOE 1991c) which is incorporated by reference into this EA.

4.3.4 IANL

Handling and storage of Pu-238 fuel that meets U.S. specifications and therefore does not have
to be processed at SRS would occur at LANL. Existing facilities at LANL for handling Pu-238
consist of the Plutonium Handling Facility Building 4 (PF4) at Technical Area 55 (TA-55). No new
facilities would be required, The LANL site encompasses approximately 111 square km in north-
central New Mexico. It is located on the Pajarito Plateau, a series of mesas and canyons, at an
elevation of about 2,200 meters above sea level. IANL has a semi-arid, temperate mountain
climate, IAN L includes facilities related to Federal nuclear weapons research and development
and other scientific research. An estimated 203,000 persons live within an 80-km radius of the
MNL site. Details of the affected environment at LANL in the context of Pu-238 handling have
been addreased in DOE/EA-0534 (CSOE1991 C) which is incorporated by reference into this EA.
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5.0 ENVIRONMENTAL CONSEQUENCES

This section describes the environmental consequences of the proposed action resulting from
normal operations and potential accidents. The focus ison the effects of the proposed action
on the ocean environment (global commons) and the U.S. affected environment (port of ent~,
highway transportation routes, LANL, and SRS). The environmental consequences presented are
bounding inthatthe results ref[edthe transpoti of4Okgofimponed pu.238from the preferred
port-of-enty (Hampton Roads, VA)toeither SRSorlANL. Theresu]ts presented in this section
areapplicable toallthe poflfacilities (both civilian and U,S. Naval) within Hampton Roads, since
any differences would bewell within the uncertainties of theanaiysis, As noted in Section 4.0,
Russia exercises its sovereign authorii to regulate activities conducted in its nuclear facilities and
the handling of nuclear materials within its territorial boundaries, For this reason, the
environmental consequences of the proposed action on the Russian affected environment are
not discussed in this EA.

5.1 NORMAL OPERATION IMPACTS OF PROPOSED ACTION

5,1.1 Transport (Ocean and Highway)

Under normal handling and transpoti conditions thehZard posed bythe Pu-238fuel would be
eXernal exposure togamma andneMron radiation topackage handlem, transpofi crew, and the
general public. Thaseradiation doses would bewithinthe limkspecified bytheregulations (See
Section 3,2). Theradiological consequences of theimpoti andincident-free transpoflation were
evaluated using the RADTRAN 4.Ocode(Neuhauser, 1989), asdescribed in Appendix A, Section
A.4. Theresults aresummatized in Table 5-l. Theincident-free transpoflation risks preestimated
to bel.5xl 03and3.6x 10'latent cancer fatalities fortranspoti to SRSand MNL, respectively.
A breakdown of the collective dose components in terms of exposure groups is presented in
Table 5-2,

5.1.2 SRS

The environmental consequences at SRS of processing the entire, existing U.S. Pu-236 inventory
(64kg, current nominal) have been addressed in DOE/EA-0534 (DOE 1991c). These
consequences consisted of increasing the offsite doses due to SRS operations by less than 1
percent. The impacts of processing uptoanadditiona140 kgof Pu-236under this proposed
action would increase the 1 percent by a factor of 0.63, for a cumulative increase of about 2
percent.

The volumes of transuranic (TRU) waste and low-level radioactive waste (LLW) to be generated
at SRS as a result of the action addressed in DOE/EA-0534 was estimated to be 94 and 396
cubic metere peryear, respectively, representing about 8 and 1.3percentofthe TRU and LLW,
respectively, generated at SRSonan annual baaisin pastyears. Processing upto an additional
40kgof Pu-238under this proposed action would increase these impacts bya factor of 0,63,
corresponding to an additional increase in TRU and LLW volumes of about 59 and 250 cubic
meters annually for the processing period.
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Table 5-1

Incident Free Transportation Risks for Preferred
Port of Entry (Hampton Roads, VA)a

Maximum Health Effects Risks
Collective Dose, Individual

Transportation person-rem’ Dose, rem’ Radiationd Non-Radiation

Ocean transport 8.68 x 1o”’ - 4.34 x 10+ --

Highway transport

Port to SRS 2.16x10° 4.21 X 10s 1.08 x10=

Port to LANL 6.29 X 10° 4,21 X 106 3.14 x 104

aAllresults in terms of risk (probabilii times consequence) and are bounding, representing eight
shipments of Pu-238 totalling 40 kg (isotope mass) to each site (SRS and LANL).

‘Collective effectiie dose equivalent as defined in ICRP-30 (ICRP 1979).
‘Maximally exposed individual of the public.
‘Raditilon heslfh effects determined using a health effects estimator of 5 x 10+ latent cancer fatalities
Der Derson-rem for low doses faDDhedto incident-free conditions) and 10 x 104 for hiah doses
\spplied to accident conditions)’ based on ICRP (1990). ‘

Table 5-2

Collective Dose Components for Incident-Free Transportation

Transport Type

Ocean

Highway

Component

Crew
Handlers
stops
Storage

Subtotal

Crew
Handlers
Off-LinW
On-Linkb
stops

Subtotal

‘General public along the roadsides.—

Collective Do

SRS

7.10X102
7.04X1 o-’
5.91X102
3.39X1 02

8.68X1 0’

3.14X1O’
7.08X1D’
3.20x1 02
1.80x1 0’
9.29xl O“’

2.16x1O”

person-rem

MNL

7.10X102
7.04X1 o’
5.91X1 0“2
3.39X1 0-2

8.68X1 0’

1.16x1O 0
7.08xIV’
8.88X1 02
5.85x1 O“’
3.75X1 00

6.29x1 00

‘Peesengsrs in other vehicles sharing the highway.
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5.1.3 LANL

The environmental consequences at LANL of handling the entire, existing U.S. Pu-238 inventory
(64 kg, current nominal) have been addressed in DOE/EA-0534 (DOE 1991 c). These
consequences consisted of increasing the offsite doses due to IAN L operations by less than
0.00002 percent. The impacts of handling up to an additional 40 kg of Pu-238 under this
proposed action would increase the 0.00002 percent by a factor of 0,63, for a cumulative
increase of about 0.00003 percent.

The TRU waste volume at WNL resulting from the action addressed in DOE/EA-0534 was
estimated to be 25 drums per year, representing about 3,5 percent of the TRU waste generated
annually at LANL. The handling and storage of up to an additional 40 kg Pu-236 under this
proposed action would increase the TRU waste volume by approximately 15 drums.

5.2 ACCIDENT IMPACTS OF PROPOSED ACTION

5.2.1 Ocean Transport

Since the proposed action involves ocean transpon, DOE also considered the environmental
consequences ofthis action on the global commons in accordance with Executive Order 12114
and DOE Guidelines for Compliance with Executive Order 12114.

The probabilities of marine accidents and their severity have been summarized in Appendix A,
Section A.2. Duetothe design safety features of the Moundl KWPackage andthe manner in
which it would rehandled andstowed onboard ship, only themost severe ship accident could
result in a release of radioactive material. This accident would consist of a severe collision
coupled with asevere tire inthe poti, Theprobability ofthisaccident wasestimated to be in the
range of 7.8 x 10-g to 1.1 x 10* per port call, The radiological risk (probability times
consequence) ofthisaccident assuming hoccurred inpotiwas evaluated using the RADTWN
4.Ocode, asdescribed in Appendix A, Section A.4. Theresulting risk wasestimated to be 2,4
x 1041atent cancer fatalities. This risk estimate represents the total for all ocean shipments of
Pu-238fuel (eight shipments of5kgeach) under theproposed adion, The population density
of Norfolk, VAof 2,000 persons per square kilometer, the highest in the Hampton Roads area,
was used for this calculation.

For accidents in a port, the immersion environment is rather benign since poti waters average
less than 200meters in depth, Present daysalvage techniques allow forrecovey of packages
at depths of up to 200 meters from the sea bed (DOE 1991 b). Should the Mound 1 KW
Package be Iostatsea in depths greater than 200 meters, long-term containment of the fuel
would be expected due to the low corrosion rates of the stainless-steel used in the package’s
construction. Should the package containment be breached, studies of the behavior of Pu-236
heat source components intheocean environment indicate that the heat of radioactive decay
promotes encrustation by mineral deposits from the seawater, further reducing the possibility of
release (NASA 1989 and 1990). Even if a release of Pu-238 should occur, the oxide nature of
the fuel results in a very low dissolution rate and the aquatic chemistry of plutonium is such that
it preferentially binds with the sediment rather than remaining dissolved.
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5.2.2 Highway Tranaporf

The potential for highway accidents during the transport by SST has been evaluated in Appendix
A, Section A,3. Accident assumptions are included for eight categories of accidents depending
on their severity. Category I is the least severe and most frequent category of accident, whereas
category VII I accidents are very severe but very infrequent. Radioactive material could be
released from the SST in only the most severe accident (catego~ Vlll), The category Vlll
accident is characterized by a combination of crush forces and fire duration that are expected
in only the rarest accident. The probability of accident severity category Vlll for each highway
transport route considered, accounting for the distance travelled in each population density zone,
is 2,1 x 10“7for shipment to SRS and 8.3 x 10“7for shipment to LANL. These represent bounding
probabilities for transport of 40 kg of Pu-238 to either site.

The radiological risks of categoy VIII highway transport accidents under the proposed action
were evaluated using the RADTRAN 4.0 code, as described in Appendix A, Section A.4. Since
the conditions associated with the extremely rare and severe Catego~ Vlll accidents exceed
those required for qualification of the Mound 1 KW Package, the fraction of F!u-238 released from
package containment in such an accident was taken to be 0.1 based on the values adopted in
NUREG-0170 (NRC 1977). DOE considers this release fraction to be conservative.

The resulting estimated accident risks, in terms of latent cancer fatalities and traffic fatalities
(resulting from nonradiological accidents), are presented in Table 5-3. The transportation
accident risks are 8,6 x 10< and 3.6 x 10“sfatalities for transporI (ocean and highway) to SRS and
LANL, respectively. In both cases the non-radiological traffic fatalities are the highest contributor
to accident risk,

Type B containers have been transpotied in SSTS for over 15 yeare. DOES operational
experience with shipments of this type is extensive, and there have been no accidents resulting
in radioactive releases, nor have there been any traffic fatalities, Thus, the above probability and
risk estimates of SST transport are likely overstated,

5.2.3 SRS

The risk of postulated accidenta at SRS resulting from processing of the entire existing U.S.
Pu-238 inventory (64 kg, current nominal) have been addressed in DOE/EA-0534 (DOE 1991 c),
The largest contributor to risk was found to be abnormal low-energy events at the Scrap
Recovery Facility involving process equipment leaks, transfer errors, overflows, and spills with
a combined frequency of 0.21 per year. These accidents could release 1.7 x 10-2 curies to the
stack with a resulting collective dose risk (onsite and off-site) of 79 person-rem per year. The
resulting risk contribution would be 1.7 x 102 fatalities per year during the processing period.

The risk of accidents from processing Up to an additional 40 kg (5 kg nominal, up to a m%imum
of 40 kg) at SRS under this proposed action would increase this risk contribution by a factor of
up to 0.63 corresponding to 2.7 x 10-2 fatalities per year during the processing period.

5.2.4 LANL

The risk of postulated accidents at IANL resulting from handling the entire existing U.S. Pu-238
invento~ (64 kg, current nominal) has been addreseed in DOE/EA-0534 (DOE 1991 c). The
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Table 5-3

FTransportation

Ocean transport’

Highway transporf

Port to SRS

Port to LANL

Tranaporfation Accident Risks for Preferred
Port of Entry (Hampton Roads, VA)a

:ollective Dose,
person-remb

2.42 X 1W’

6,75 X 10-2

2.02 x 10-’

Maximum I Health Effects

Non-Radiation’

5.54 x 104

3.20 X 103
I
“Allresults in terms of risk (probability times consequence) and are bounding, representing eight
5 kg shipments of Pu-238 totaliing 40 kg (isotope mass) to each she (SRS and LANL).

bCollectiveeffedie dose equivalent es defined in ICRP-30 (ICRP 1979).
‘Maximally exposed individual of the public.
‘Radiation heafth effects determined using a heaffh effects estimator of 5,o x 104 latent cancer
fatslties per person-rem for low doses (applied to incident-free mndtions) and t O x 10+ for high
doses (applied to accident conditions) baaed on ICRP (1990).

“Nonradiologicalaccident fata[ties resulting from mechanical injury,
‘Resuting from severe accident in port.
‘Maximum individual dose risk is not reported for accidents due to large uncertainties in exposure
scenarios for persons in the accident vicinity.
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largest contributor to risk was found to be an accident scenario involving a fire in one of the
glove boxes, with a probability of 10+ per year or less. Using conservative assumptions the
collective dose to the offsite population would be 4.7 person-rem. The corresponding risk
contribution would be 4.7 x 10-7 fatalities per year. The risk of accidents from handling up to an
additional 40 kg at LANL under this proposed action would increase this risk contribution by a
factor of up to 0.63, corresponding to 7.5 x 10-7 fatalities per year.

5.3 CUMULATIVE TRANSPORTATION IMPACTS

The port facilities at Hampton Roads, VA have been used in the past to receive and handle
foreign research reactor spent fuel for subsequent highway transpoti to SRS (DOE 1991 b),. Since
1978 DOE has received over 360 foreign spent fuel shipments at SRS through Hampton Roads
port facilities. There have been no releases or environmentally significant impacts from any of
these past shipments. The potential consequences of importing an additional 48 shipments of
spent fuel have been addressed in DOE/EA-0515 (DOE 1991 b). The transportation risks of the
additional 48 shipments under incident-free and accident conditions were estimated to be 6.9 x
10-2 fatalities, with 99 percent due to non-radiological traffic fatalities along highways and less
than 1 percent due to port activities. Assuming the transportation risks of the previous 360
shipments were similar to the additional 48, then the total risk of the 408 shipments (past and
additional future) are estimated to be approximately 0.79 fatalities. The transportation risks

Oncident-free and accident risks combined) of the current proposed action are estimated to be
2.4 x 10“sto 7.2 x 10+ for shipments to SRS or LANL, respectively, as summarized in Table 54,
When combined with the transportation risks of the past and future potential additional spent fuel
shipments through Hampton Roads, the cumulative transportation risks would increase less than
1 percent to about 0.80 fatalities. Again, note that most of this risk has already been incurred
with the previous 360 spent fuel shipments with no accident consequences.

DOE is also considering import of other foreign radioactive materials in the future (e.g., highly
enriched uranium, low-enriched uranium, uranium hexafluoride, and other plutonium isotopes),
These possible actions would be consistent with important foreign relations and national security
objectives of the U.S. and the provisions of the Atomic Energy Act of 1954, as amended, and the
Nuclear Non-Proliferation Act. The acceptance of such radioactive materials by the U.S. would
sewe nonproliferation interests by removing potential nuclear weapons useable material from
abroad. Should DOE decide to seriously pursue such future import actions, appropriate
documentation would be prepared for such actions in accordance with NEPA requirements,
Future cumulative impacts arising from such actions would be addressed in those NEPA
documents.
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Table 54

Total Transportation Accident Risks for
Preferred Port of Entry (Hampton Roads, VA)a

Risk Contributor

ncident-free transport

Ocean

Highway

Subtotal

\ccidents

Ocean

Highway

Radiological

Non-radiological

Subtotal

Totalb

Msk, Fatalities

SRS

4.34 x 104

1.O8X1O+

1.51 X103

2,42 X 10+

6,75 X 105

5.54 x 104

8.65 X 10+

2.38 X 10=

UNL

4.34 x 10-’

3.14X103

3.57 x 103

2,42 X 10+

2.02 x 104

3.20 X 1 U’

3.64 X 103

7.22 x 103

.411resuits in terms of risk (prol Ibilii times consequence) and are
bounding, representing eight 5 kg shipments of Pu-238 totalling 40 kg
(isotope mess) to each site (SRS and LANL),

bDmerencesin totel and sum of subtotals is due to roundofi.
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6.0 AGENCIES AND PERSONNEL CONSULTED

This document was prepared using information provided by and discussed with the Russian
Federation Ministry of Atomic Energy andthe U.S, Navy,

6-1



7.0 REFERENCES

Cashwell, J. W., 1989: TRANSN ET: Access to Transportation Models and Databases,
SAND89-7017C, Sandia National Laboratories, Albuquerque, NM.

CIGNA, 1989: Ports of the World, A Guide to Loss Control, - CIGNA Companies, 14th Edition}
Philadelphia, PA.

DOE, 1988: Final Environmental lm~act Statement, SDecial Isotope Separation Proiect,
DOE/EIS-0136, US. Department of Energy, Washington, DC.

DOE, 1990: Final Environmental lmDact Statement, Continued Operation of K-, L-, and
P-Reactors, Savannah River Site, DOE/EIS-01 47, U.S. Department 01 Energy, Savannah
River Operations Ofice, Aiken, South Carolina.

DOE, 1991a: Nuclear Weapons ComDlex Reconfiguration Study, DO E/DP-0083, U.S. Depatiment
of Energy, Washington, D.C,

DOE, 1991 b: Environmental Assessment of the Risks of the Taiwan Research Reactor Spent Fuel
-, DOE/EA-0515, U.S. Department of Energy, Washington, D,C,

DOE,

DOE,

1991c: Environmental Assessment for Radioisotope Heat Source Fuel Processing and
Fabrication, DOE/EA-0534, U.S. Department of Energy, Washington, D.C.

1991 d: Implementation Plan for the Nuclear Weapons Complex Reconfiguration
Procrrammatic Environmental lmDact Statement, DOE/DP-OOxx, U.S. Department of
Energy, Washington, DC.

EG&G, 1993: Safetv Analysis Report for Packaainq (SARP) for the 1 KW Packacre,
MLM-MU-91 -64-0001, Revision 5, EG&G Mound Applied Technologies, Miamisburg, OH.

Fischer, L, E., et al., 1987: Shippina Container ResrJonse to Severe Hiahwav and Railway
Accident Condtions, NUREG/CR4829, U.S. Nuclear Regulatory Commission, Washington,
D.C.

IAEA, 1965: Regulations for th’e Safe Trans~ort of Radioactive Material, Safety Series No. 6,
International Atomic Energy Agency, Vienna, Austria,

ICRP, 1979: Limits for Intakes of Radionuclides bv Workers, ICRP Publication 30 (1979 and
revisions), International Commission on Radiological Protection, Pergammon Press, New
York.

ICRP, 1990:1990 Recommendations of the International Commission on Radiolotaical Protection,
ICRP Publication 60, International Commission on Radiological Protection, Pergammon

NASA,

Press, New York.

1989: Final Environmental lmDact Statement for the Galileo Mission (Tier 2\, National
Aeronautics and Space Administration, Washington, D.C.

7-1



NASA, 1990: Final Environmental impact Statement for the Ulvsses Mission (Tier 21, National
Aeronautics and Space Administration, Washington, DC.

NASA, 1992: Personal Communication from A. Diez of the US. National Aeronautics and Space
Administration to S. Lanes of the US. Department of Energy (March 25, 1992).

NCRp, 1987: Recommendations on Limits for ExDosure to Ionizina Radiation, NCRP Report 9f,
National Council on Radiation Protection and Measurements.

Neuhauser, K. S. and P. C. Reardon, 1989: RADTRAN 4.0, An Advanced Computer Code for
Transportation Risk Assessment, SAND89-1137C, Sandia National Laboratories,
Albuquerque, NM.

NRC, 1977: Final Environmental Statement on the Transportation of Radioactive Material bv Air
and Other Modes, NUREG-01 70, US. Nuclear Regulatory Commission.

OR, 1979: Hazardous Environments Experienced bv Radioactive Material Packaaes Transported
bv Water, Operations Research, Inc., Silver Spring, MD, Prepared for Sandia National
Laboratories.

USDC, 1988: Citv and Countv Data Book, U.S. Department of Commerce

Warwick, J.E. and A. L. Anderson, 1976: The Nature of Ship Collisions Within Ports, Todd
Shipyard Corporation, Galveston, TX, Prepared for the U.S. Mariiime Administration.

Wilmont, E, L., 1981: Transportation Accident Scenarios for Commercial Spent Fuel,
SAND60-2124, Sandia National Laboratories, Albuquerque, NM.

Woff, T, A,, 1964: The TransDoftation of Nuclear Materials, SAN D84-0062, ~C-0471, Sandia
National Laboratories, Albuquerque, NM.

7-2




