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Parallex Shipments-Contact List

Organization Name Position Telephone Number
Shipping Organization
Los Alamos National Laboratory
(LANL)

Tom Houston BUS-4 (505) 665-2781

LANL Tim Stone NMT-7 (TA-55) (505) 665-3585
LANL Stacey Eaton TSA-10, Engineer, Parallex

Project
(505) 665-0539

LANL Stan Zygmunt NMT-15, Manager, International
Programs

(505) 667-8978

Receiving Organization
Atomic Energy of Canada Limited
(AECL), Chalk River Laboratories
(CRL)

Lloyd Dunn Supervisor, Storage and
Shipping, Radioactive Materials
Services

(613) 584-8811
ext. 4335

AECL/CRL David Cox Manager, Project Parallex (613) 584-8811
ext. 3382

Carrier
Carrier Dispatch TBD by LANL TBD by LANL
TRANSCOM
TRANSCOM Control Center,
operated for DOE by SCG

Operator on duty System Operators (423) 576-9115

Gene Carnes Manager, TCC (423) 576-0982
Oak Ridge National Laboratory
(ORNL)
ORNL Tammra Horning Manager, Project Parallex,

FMDP
(423) 574-0316

ORNL Scott Ludwig Manager, Transportation &
Packaging, FMDP

(423) 974-1979

U.S. Department of Energy (DOE)
DOE/MD-1 Laura Holgate Director, Office of Fissile

Materials Disposition
(202) 586-2695

DOE/MD-4 John Baker Manager, International
Programs, FMDP

(202) 586-7493

DOE/AL Marta R. Jones Traffic Manager, Albuquerque
Operations

(505) 845-4398

DOE/NTP Robert Sanchez Manager, National
Transportation Program

(505) 845-5541

DOE/OR P. Brady Lester Traffic Manager, Oak Ridge
Operations

(423) 576-8354

EMERGENCY Contacts
Nearest DOE Regional
Coordinating Office

(see Attachment A)

TRANSCOM CONTROL
CENTER

Operator on duty System Operator (423) 576-9115

Los Alamos Shipping Organization 24-hour emergency
phone number

(505) 667-6211

AECL Material Receiving Org. 24-hour emergency
phone number

(613) 584-1682
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 ACRONYMS

AECB Atomic Energy Control Board (Canada)
AECL Atomic Energy of Canada Limited
CANDU Canadian Deuterium/Uranium reactor design
CFR Code of Federal Regulations
CRL Chalk River Laboratories
CVSA Commercial Vehicle Safety Alliance
DOE Department of Energy
DOE-AL DOE Albuquerque Operations Office
DOE-EM DOE Office of Environmental Management
DOE-LAAO DOE Los Alamos Area Office
DOE-MD DOE Office of Fissile Materials Disposition Program
DOE-NN DOE Office of Nonproliferation and National Security
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DOE-OR DOE Oak Ridge Operations Office
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LANL Los Alamos National Laboratory
MOX Mixed-Oxide fuel
NEPA National Environmental Protection Act
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NRU National Research Universal
ORNL Oak Ridge National Laboratory
PIE Post-Irradiation Examination
RAP Radiological Assistance Program
RCO Regional Coordinating Office
RF Russian Federation
RQ Reportable Quantity
SNM Special Nuclear Material
TRANSCOM Transportation Tracking and Communications System
TCC TRANSCOM Control Center



Internal Use Only — Limited Distribution ORNL/MD/LTR-67, Rev. 4

U.S. TRANSPORTATION PLAN FOR MOX FUEL SHIPMENTS

viii
Internal Use Only — Limited Distribution

Page Intentionally Blank



Internal Use Only — Limited Distribution ORNL/MD/LTR-67, Rev. 4

U.S. TRANSPORTATION PLAN FOR MOX FUEL SHIPMENTS

ix
Internal Use Only — Limited Distribution

EXECUTIVE SUMMARY

The PARALLel EXperiment (PARALLEX) Project has the objective of irradiating laboratory-produced
quantities of mixed-oxide (MOX) nuclear reactor fuel containing weapons-derived plutonium in the
National Research Universal (NRU) test reactor at the Chalk River Laboratories (CRL) in Chalk River,
Ontario Canada. The MOX fuel for this test irradiation will be fabricated in the United States (US) and in
the Russian Federation (RF). The test will disposition the weapons-derived plutonium and will
permanently render the material inaccessible for use in nuclear weapons. The test will also demonstrate
many of the steps necessary to conduct a similar undertaking on a larger scale.

Two shipments of MOX fuel to CRL are currently planned for the Parallex Project; one from the Los
Alamos National Laboratory (LANL) in New Mexico in the United States and one from the Bochvar
Institute in Moscow in the Russian Federation. This Transportation Plan  describes details of the planning
for the shipment from LANL to CRL. It complements a separate Transportation Plan prepared by Atomic
Energy of Canada Ltd. (AECL) to cover the portion of the shipment in Canada.

The material to be shipped consists of nine 50-cm-long nuclear fuel elements, containing a total of 4.7 kg
of ceramic MOX fuel pellets inside welded and sealed Zircaloy metal cladding tubes. The MOX material
contains a total 119 g of weapons-derived plutonium. It will be shipped in a specially designed and
certified package that has been tested to withstand transport accidents, including severe impact, puncture,
water immersion, and fire.

Because of the small quantity of MOX fuel involved in this shipment, there is no requirement for any
security planning, physical protection or security measures to be implemented, according to US and
international regulations on safe transport of nuclear materials. However, because of the importance of the
Parallex Project and because of public and policy sensitivity, this shipment has been declared as “high
visibility” by the USDOE, which necessitates the preparation of a transportation plan, the use of satellite
tracking system on the vehicle, and application of an exclusive-use vehicle.

USDOE conducted an environmental review of seven possible routes from Los Alamos to CRL. The
potential environmental impacts were reviewed and a determination was made that none of the routes
pose a significant impact to the environment. The transportation containers to be used conform to strict
safety standards set by the US Nuclear Regulatory Commission and the Canadian Atomic Energy Control
Board. The standards ensure that the container will not break open even in a severe accident and that the
public will not receive a radiation dose above regulatory limits during the transport of the fuel elements.
Agreement has been reached with the Canadian government that the material will cross into Canada at
Sault Saint Marie, Michigan.
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1.  INTRODUCTION

The U.S. Department of Energy (DOE) is committed to the safe, efficient, and cost-effective transportation
of all materials that support its various programs and activities.  DOE strives to ensure that its radioactive
and other hazardous materials, hazardous substances, and hazardous and mixed wastes are handled,
packaged, and transported in compliance with all applicable international, federal, state, tribal, and local
regulations.

This Plan outlines the responsibilities of DOE, DOE-contractors, commercial carriers, and other
organizations participating in a shipping campaign of laboratory samples of mixed-oxide (MOX) fuel.  The
shipment described herein shall be conducted in accordance with applicable regulations of the U.S.
Department of Transportation (DOT), U.S. Nuclear Regulatory Commission (NRC), and all applicable
DOE Orders.

This Plan has been reviewed by and received concurrence from all major participants in the shipment
campaign and approved by the DOE Office of Fissile Materials Disposition (DOE-MD).  Refinements
shall be made in a controlled revision.  The controlled revision shall be distributed to all affected
organizations.  Any major change in responsibilities or data beyond refinements of dates and quantities of
material shall be prepared as a new Plan for review and concurrence/approval from the project participants.

2.   BACKGROUND

The United States, Canada, and the Russian Federation (RF) are supporting a demonstration program of
irradiation, in the Canadian Chalk River Laboratories (CRL) National Research Universal (NRU) reactor,
of laboratory samples of U.S. and RF MOX fuel derived from weapons-grade plutonium.   The purpose of
the program is to demonstrate many parts of the disposition of weapons-grade material mission including:
disassembly of weapons, conversion of the plutonium to oxide, fabrication of MOX fuel, assembly of fuel
elements and bundles, shipment to a reactor, irradiation, post-irradiation examination (PIE), and storage of
the spent fuel elements awaiting eventual disposition in a geological repository.   The objective of the
Parallex (for parallel experiment) tests is to simultaneously burn laboratory-produced quantities of U.S.
and RF MOX fuel in a test reactor under conditions representative of those expected in the Ontario Hydro
Bruce A reactors. Sample fuel will be manufactured in the United States at Los Alamos National
Laboratory (LANL) and in the RF at the Bochvar Institute.  The US-manufactured fuel phase is supported
by a project team that includes DOE, LANL, Oak Ridge National Laboratory (ORNL), and Atomic Energy
of Canada Limited (AECL).

A single shipment of fresh (unirradiated) MOX-fuel is planned.  Nine Canadian Deuterium/Uranium
reactor design (CANDU) MOX fuel pins will be transported from LANL to CRL.  The nine MOX fuel
pins (eight full pins, plus a ninth partially filled pin containing archived material) contain sintered
uranium-plutonium oxide fuel pellets that have been seal-welded in Zircaloy cladding.  The sealed fuel
pins each contain about 3.1% plutonium oxide mixed with a balance of depleted uranium oxide.  The fuel
pins are loaded into an AECL Model 4H enriched fuel bundle package for shipment.  The Model 4H
package design is certified as a Type B(U)F package design under Canadian and IAEA regulations.  The
DOT has revalidated the Canadian certification.
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The major responsibilities for the lead organizations in the U.S. phase of Project Parallex are:  (1) ORNL
for overall project coordination and planning (including transportation planning) as part of the DOE Fissile
Materials Disposition Program’s Reactor Project; (2) LANL for the development, manufacture, and
shipment of the MOX fuel; and (3) AECL for the receiving, irradiation tests, and PIE of the irradiated
MOX fuel.  The sample fuel will be shipped from LANL in a package currently certified by both the
Canadian and U.S. authorities and will be carried by a qualified nuclear-transport carrier from LANL to
CRL.  The responsibility (liability) for the shipments will transfer from the DOE to AECL at the U.S.-
Canada border as the effective title to the material is transferred from DOE to AECL.1

3.   PURPOSE

The DOE Order for Transportation Management, DOE O 460.2  (Ref. 1), requires that determination of
“high visibility” shipments be made by the Program Office in charge of the shipment program.  When such
a determination is made, there are several additional requirements that are then placed on the shipment,
including:

• preparation of a U.S. Transportation Plan approved by the DOE Program Office,

• use of the DOE satellite Transportation Tracking and Communications system
(TRANSCOM), and

• use of an exclusive-use vehicle for the shipment.

In consideration of the sensitivity and importance of Project Parallex to the DOE and also as a
demonstration of the many system components, the Program Office (DOE-MD) has declared that Parallex
shipment to be “high visibility” in consideration of the Order.

This U.S. Transportation Plan fulfills the Order requirements for preparing a Transportation Plan and
identifies the responsibilities, requirements, and shipment details to ensure the successful movement of
MOX fuel from LANL to CRL.  The Transportation Plan contains information describing material type,
planned shipment schedule, estimated number and weight of shipments, mode of transport, potential
carrier routes, packaging description, and cargo security arrangements.  It also discusses the methodology
for meeting the requirements of the Order.  DOE-MD will review and approve the U.S. Transportation
Plan for compliance with the requirements of DOE O 460.2.

4.   ORGANIZATION RESPONSIBILITIES

The complexity of the Parallex Project and the number of supporting organizations mandate that all roles
and responsibilities be clearly defined and observed throughout the life of the project.  Each phase of the
demonstration program has its own planning effort.  This Plan addresses only the responsibilities unique to
the transportation phase.  The responsibilities of the parties are defined below.

                                                          
1 Title as used herein means the right to own, acquire, receive, possess, and use special nuclear material.
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4.1 U.S. DEPARTMENT OF ENERGY

4.1.1 DOE Office of Fissile Materials Disposition

DOE Headquarters Program Offices establish overall policy for transportation of DOE-owned
materials, resolve policy questions, issue guidance, and provide information for use in
transportation activities.

MD.1 DOE-MD shall seek and arrange funding authority for DOE laboratories and arrange
procurement authorization for other parties.

MD.2 DOE-MD shall provide the DOE Los Alamos Area Office (DOE-LAAO) and LANL with
guidance on the amount of special nuclear material that will be shipped by DOE as
laboratory samples to AECL under provisions of the Atomic Energy Act of 1954 (Ref. 2).

MD.3 DOE-MD shall review and approve the U.S. Transportation Plan.  DOE-MD may enlist
the DOE Office of Environmental Management (DOE-EM) to (1) assist in coordination of
shipment information through their Liaison and Communications program and to provide
advance information regarding the MOX shipments to participating organizations, state
agencies, and stakeholders, if requested, and (2) facilitate the use of the DOE
TRANSCOM satellite tracking system.

MD.4 DOE-MD is responsible for arranging for transfer of funds between DOE-MD and the
DOE Oak Ridge Operations Office (DOE-OR) to fund extended use of TRANSCOM and
the operation of the TCC beyond the normal 40-hour workweek, should 24-hour shipment
coverage be required.

MD.5 DOE-MD shall conduct the required environmental review for the MOX fuel shipment in
the United States.

MD.6 DOE-MD in conjunction with the Government of Canada shall specify the Canadian-U.S.
border crossing location and a backup crossing point for the shipment and provide this
information to LANL.

MD.7 DOE-MD shall determine the most appropriate U.S. route for the shipment and advise
LANL of this route.

MD.8 DOE-MD shall specify to LANL a shipping time window during which the shipment will
take place.

4.1.2 DOE Office of Nonproliferation and National Security

NN.1 DOE-NN shall notify DOE-MD and LANL in writing when the authority to make the
shipment is granted.
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4.1.3 DOE Operations Offices

OP.1 If a transportation incident requiring emergency response occurs, DOE Operations Offices
shall provide emergency response teams, including personnel with packaging operations,
radiological, and transportation management expertise in the unlikely event of a
transportation incident while the shipment is in the United States.  Headquarters provides
such assistance on the request of the state or local emergency response teams through the
DOE Regional Coordination Offices.  A list of these offices is provided in Attachment A.

4.1.4 DOE Albuquerque Operations Office

The DOE Albuquerque Operations Office (DOE-AL) is responsible for overall program
management for the transfer of the MOX shipment from LANL to CRL.  Under the authority of
DOE-AL, DOE-LAAO is the shipper of record, with LANL acting as agent.

AL.1 LANL and DOE-LAAO shall provide DOE-MD with assistance in preparation of
documentation that describes the laboratory samples of special nuclear material that will
be shipped by DOE to AECL.

4.1.5 DOE Oak Ridge Operations

The TRANSCOM tracking system is under the program management of DOE-OR.

OR.1 Coordination with the TCC concerning shipment schedules and schedule changes, if any,
shall be overseen by the DOE-OR.

OR.2 Any financial arrangements necessary for extended use of TRANSCOM shall be arranged
by DOE-MD with DOE-OR.

4.2 OAK RIDGE NATIONAL LABORATORY

ORNL, as the lead laboratory for reactor alternatives for fissile materials disposition, is managing
the Parallex Project for DOE-MD.   ORNL has the responsibility to plan, coordinate, and oversee
the activities of the other parties to assure success of the project and report on progress and
schedule to DOE.

ORNL.1 ORNL shall prepare the U.S. Transportation Plan for the MOX fuel shipment.

4.3 LOS ALAMOS NATIONAL LABORATORY

LANL is the DOE-designated shipper for these shipments and shall conduct shipping activities in
compliance with applicable international, federal, state, tribal, and local requirements and the
conditions of this Transportation Plan.  The following are LANL responsibilities.
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Before the Shipment

LANL.1 LANL is responsible for registering in writing with the U.S. Competent Authority
(DOT) as a user of the AECB approved Model 4H package [CDN/4212/B(U)F].
The U.S. Competent Authority approval, USA/0485/B(U)F, Rev.1, will expire on
September 30, 2001.

LANL.2 LANL is responsible for ensuring that the most current versions of the Canadian
Certificate of Compliance are available.

LANL.3 LANL is responsible for ensuring that the shipping package is loaded according to
the instructions contained in the AECL Procedure No. A-12052-PR-1.

LANL.4 LANL is responsible for ensuring that the shipment complies with applicable
sections of the AECB’s Transport Packaging of Radioactive Materials
Regulations (Ref. 4) and applicable sections of SOR/85-77 Transportation of
Dangerous Goods (Ref. 5).

LANL.5 LANL is responsible for ensuring that the shipment complies with applicable
sections of the International Atomic Energy Agency (IAEA) Safety Series No. 6
Regulations (Ref. 6).

LANL.6 LANL shall notify AECL a minimum of three weeks in advance of the dates by
which the AECL Model 4H packaging will be needed to adequately allow for the
receipt and loading prior to the scheduled shipping date.

LANL.7 All preloading activities, such as preparing and testing the loading equipment, and
scheduling of required support personnel, are the responsibility of LANL.

LANL.8 LANL is responsible for selecting the carrier involved in the transport.
� LANL shall verify the carrier’s qualifications.
� LANL shall ensure that the motor carrier is in compliance with the Federal

Motor Carrier Safety Regulations (49 CFR 350-399).
� The carrier selected shall be evaluated by LANL in accordance with DOE’s

Motor Carrier Evaluation Program (Ref. 7).
� LANL shall ensure that the carrier is certified to carry Dangerous Goods in

Canada (Ref. 5).
� LANL shall ensure that vehicle operators are appropriately licensed and

trained to meet Canadian requirements.
� LANL shall ensure that the carrier is capable of interfacing with the

TRANSCOM system (i.e., currently has an active QUALCOM unit installed
on the transport vehicle).
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LANL.9 LANL is responsible for coordinating the schedule for loading and shipment of
the material within the shipping window specified by DOE-MD.  The actual
schedule will be based on such factors as the LANL facility’s ability to load and
ship materials, the consignee’s ability to receive the material, predicted weather
conditions, and existing road conditions along the route.

LANL.10 LANL shall contact the DOE National Transportation Program (DOE-NTP)
(Bobbie Sanchez) to request the use of TRANSCOM to track the MOX fuel
shipment.  DOE-NTP will direct DOE-OR to facilitate the use of TRANSCOM.

LANL.11 LANL, as shipper, will be assigned as the designated user (DU) of TRANSCOM
and will, in addition to the TRANSCOM Control Center (TCC), be responsible for
communicating with the driver while the is en route.  LANL will also receive all
messages from the driver.

LANL.12 LANL shall direct TCC not to provide advanced notification to states through
which the shipment passes, but states through which the shipment passes should
be provided access to view the shipment’s progress.

LANL.13 LANL shall provide preshipment notification information updates about the
shipment schedule to the DOE Prospective Shipment Module.  LANL shall also
provide this information to participating organizations: DOE-MD, DOE-NTP,
ORNL, AECL, TCC, and the carrier.

LANL.14 LANL shall notify AECL at least seven days before the shipment starts.  The
AECL notice will request authorization to ship on the expected date, and will
provide a draft copy of the shipping papers, time of expected arrival, transfer point
(border-crossing), name of carrier, and transport identification.

LANL.15 LANL must receive confirmation from AECL prior to commencement of
shipment.  The confirmation should indicate that AECL is prepared to receive the
shipment at the planned time and location.

LANL.16 LANL shall provide the carrier with the DOE-MD approved route and border
crossing and alternatives in advance of shipment with concurrence by AECL.

LANL.17 LANL, with the assistance of ORNL, shall coordinate scheduling and routing
information with the TCC and arrange for TRANSCOM training of drivers, as
needed.

LANL.18 LANL shall ensure that the motor carrier’s vehicles are in compliance with
Appendix G, “Minimum Periodic Inspection Standards,” (Ref. 8) prior to loading,
and that the load is properly secured prior to departure.
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LANL.19 LANL, in coordination with AECL, shall be responsible for providing the carrier
with awareness of Canadian emergency response requirements.

LANL.20 LANL shall ensure that radioactive contamination and radiation levels for the
package and vehicle are in compliance with the U.S. and AECB regulations,
through surveys performed on loaded packages and vehicles using qualified,
trained personnel; calibrated equipment; and approved procedures.

LANL.21 LANL shall meet the physical protection requirements for in-transit safeguards
and security of this material in accord with DOE and AECB regulations.

LANL.22 LANL is responsible for preparing the shipping papers, assuring that the marking
and labeling are correct, and supplying the proper placards to the carrier. Canadian
emergency response information shall be included in the shipping papers.  The
AECL 24-hour emergency phone number will be included on the shipping papers
prepared by LANL.2

LANL.23 LANL shall ensure that all required labeling, marking, and placarding complies
with 49 CFR requirements, as well as the U.S. Certificate of Competent Authority
and the Canadian Package Design Approval Certificate before release of the
shipment.

LANL.24 LANL shall provide carrier drivers with an information packet containing copies
of the shipping papers, emergency response information, special instructions for
the shipment (see Section 4.3.1), and a description of the appropriate routes before
the shipment is dispatched from LANL.  LANL shall supply the applicable
competent authority certificates for the package to the carrier.3

LANL.25 LANL must receive written notification from DOE-NN when shipment
authorization has been granted before commencement of the shipment.

During the Shipment

LANL.26 LANL shall maintain 24-hour available emergency telephone contact for technical
advice and detailed information regarding the shipment.

After Shipment

LANL.27 DOE and LANL shall receive notification from AECL upon arrival of the
shipment.

                                                          
2 The U.S. Transportation Plan includes additional relevant contact numbers.
3 The certificates are required to accompany the packages in Canada, but not in the United States.
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4.3.1 Carrier Responsibilities

The carrier, under contract to LANL, is responsible for safely transporting the MOX shipment
from LANL to CRL.  The carrier’s responsibilities include the following items.

Before the Shipment

C.1 In advance of the shipment, the carrier shall arrange for vehicle inspections with the
appropriate state vehicle inspection agencies.

C.2 The carrier, under its service contract with LANL, is responsible for obtaining required
permits and arranging for vehicle inspections along the transportation route, as may be
required.

C.3 The carrier shall ensure that the required drivers’ training and licensing requirements are
current.

C.4 The carrier shall ensure that the vehicle meets Appendix G (Ref. 8) inspection
requirements prior to the vehicle being placed in service.

C.5 The carrier shall ensure that the vehicle satisfies the Commercial Vehicle Safety Alliance
(CVSA) Out-of-Service criteria (Ref. 9).

C.6 The carrier shall ensure that all applicable U. S. Federal Motor Carrier Safety, Transport
Canada, and Ontario Ministry of Transport regulations are met.

C.7 The carrier shall ensure that the package is properly tied down and they have received the
proper shipping documents.

C.8 The carrier must verify proper operation of TRANSCOM prior to departure.

During the Shipment

C.9 The carrier operator selected to transport the material shall inspect the vehicle and security
of the load every 2 hours or 100 miles, whichever occurs first, as required by DOT
regulations.

C.10 The driver shall maintain communication via TRANSCOM from dispatch at LANL to
receipt at CRL.  Any deviation in approved shipment routing, expected arrival times, or
unplanned stoppages shall be reported to the TRANSCOM designated user (DU)(i.e.,
LANL) and the TCC.  The driver shall also maintain contact with its dispatch office using
TRANSCOM.4  The driver shall communicate with the DU (and TCC) at each vehicle
inspection checkpoint (approximately every 2 hours).

                                                          
4 TRANSCOM has an interface to the QUALCOMM satellite tracking system that is used by the carrier dispatch
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C.11 The carrier dispatch center shall implement the back-up communications procedures as
specified in the TRANSCOM User Procedures Manual (Ref. 10) in the event of a
TRANSCOM system failure.

C.12 The driver is responsible for maintaining the correct status of the vehicle placard.

C.13 The carrier’s dispatch shall ensure effective communication with its drivers on all
extraordinary events involving the shipment, including external public relations/affairs
events that have potential impact on the shipment.  The carrier’s dispatch shall
communicate with LANL for guidance.

If a Transportation Incident Occurs

C.14 The carrier shall notify the both the TRANSCOM DU and TCC and follow DOT
emergency response procedures.

Following Completion of the Shipment

C.15 The carrier is responsible to file, within 90 days of completion of the shipment, the
postnotification information [49 CFR 397.102(g)] with the Federal Highway
Administration.

4.4 ATOMIC ENERGY OF CANADA LIMITED

AECL has the joint responsibility for transportation, safeguards, and security of the shipments
with LANL for U.S. fuel.  AECL has prepared a Canadian Transportation Plan (Ref. 11) which
describes the requirements for the transportation of materials and equipment associated with the
Parallex Program.  Issues for which AECL is responsible related to the U.S.-fuel MOX shipments
to CRL are described below.

Before the Shipment

AECL.1 AECL shall supply the to LANL the AECL Model 4H packaging required for the
shipment of fissile materials from LANL to CRL.  Drawings, procedures, etc., are
available from AECL.

AECL.2 AECL in conjunction with DOE-MD shall determine a Canadian-U.S. border
crossing location and alternative for the shipment.

AECL.3 AECL shall determine the most appropriate preferred and alternative Canadian
route for the shipment and advise LANL of this route.

                                                                                                                                                                                            
center.  The carrier dispatch center will use QUALCOMM to communicate with the truck.  All communications using
QUALCOMM between the carrier and the dispatch center will be accessible to TRANSCOM.
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AECL.4 AECL shall coordinate with LANL to provide the carrier with Canadian
emergency response information that will be included in the shipping papers.

AECL.5 AECL is responsible for preparing “Emergency Response Form for Road”, if
needed, for transit in Canada from the Canadian border to CRL, based on review
of shipment papers.

AECL.6 For transportation in Canada, AECL shall assure, through communication with
LANL, that the shipment is prepared at LANL in accordance with regulations of
the AECB (Ref. 4) and Transport Canada (Ref. 5).

AECL.7 AECL shall obtain a required import permit for the shipment entering Canada.
This includes, but is not limited to, the Import License and a Canadian Customs
Invoice.  The governing bodies are the Department of Foreign Affairs and
International Trade Canada and the AECB.

AECL.8 Copies of the import permit shall be sent to LANL and become part of the
shipping documentation package that accompanies the shipment.

AECL.9 AECL shall assure, through communication with LANL, that the carrier chosen is
certified to carry Dangerous Goods in Canada.

AECL.10 AECL shall prepare any required documentation for the transportation segments
in Canada.  This shall include an Emergency Response Form for Road, if required.

AECL.11 AECL shall confirm to LANL, prior to commencement of shipment, that AECL is
prepared to receive the shipment at the planned time and location.

During the Shipment

AECL.12 AECL shall maintain a 24-hour emergency contact number during the shipment.

After the Shipment

AECL.13 AECL shall notify LANL immediately upon receipt of material or if there is delay
past the estimated time of arrival or suspected loss of material.

AECL.14 AECL shall notify LANL if there is suspected loss or unaccounted for material in
the shipment that is received.

4.5 TRANSCOM CONTROL CENTER

The TCC will have a coordinating role with the shipper, carrier, carrier dispatch center, AECL,
and DOE.  In this capacity, TCC has the following responsibilities.
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TCC.1 TCC shall provide satellite-tracking capability for this shipping campaign.

TCC.2 TCC shall provide a transponder to the carrier, if the carrier’s vehicle is not
already so equipped.

TCC.3 TCC shall assist LANL and the carrier in ensuring proper operation of
communications equipment.

TCC.4 TCC shall provide procedures to the carrier on the proper use of the equipment,
how and when to report and log events, what to do in case of a TRANSCOM
outage, and all other procedures necessary for proper functioning of the system.

TCC.5 TCC shall provide reports of shipment status to DOE-MD, DOE-Emergency
Operations Centers, AECL, ORNL, and LANL approximately twice in each 24-
hour period or, in case of emergency or unplanned stoppages, the report will be
directed immediately to all parties.

TCC.6 Details of the decisions of the carrier communications center on stopping or
diversion of the MOX shipment due to severe weather shall be entered into the
communications center’s log and to TCC.

TCC.7 TCC shall not provide notification to states through which the shipment will be
made.  Assess to the designated organization within the state to view the
movement of the shipment will be provided through TRANSCOM.

TCC.8 In case of an incident, following the alert of local officials, the driver or TCC shall
notify LANL’s 24-hour emergency notification number.

TCC.9 If the driver is unable to respond, the carrier communications center or TCC shall
notify the state patrol that the driver is not responding.

TCC.10 Information pertaining to the vehicle breakdowns shall be recorded in the TCC
shipment log.

5.   SHIPMENT SCHEDULE

The shipment schedule will be determined by DOE-MD.  The schedule will not be made public.

6.   ADVANCE AND POSTNOTIFICATIONS/TRACKING OF SHIPMENTS

Advance notification to the states is not required for this shipment.   LANL will provide the notification to
AECL before the shipment commences.  The notification shall contain the required information as
specified in 49 CFR 173.478(b).  LANL will provide advance notification of shipment details to AECL,
the consignee.
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The DOE TRANSCOM system will provide satellite-tracking capability for this shipping campaign.
Advance information of projected shipment schedules will be coordinated by LANL with TCC.  LANL
will notify TCC of the shipment schedule and schedule changes, as appropriate, at the earliest possible
date.  LANL will supply TRANSCOM with the expected and alternate routes.

The driver will notify TCC of any unscheduled stops in route, including stops for inclement weather. Any
deviation from the preferred route will comply with applicable regulations, state, tribal, local, and
international direction, and carrier operating procedures.

In the event of TRANSCOM failure, the carrier will comply with the procedures specified in the
TRANSCOM Users Procedures Manual (Ref. 10).  Program participants may obtain software (Ref. 10, 12)
from the DOE-NTP that will permit them to monitor the progress of the shipment from their personal
computers.

AECL will notify LANL (1) on receipt of material, (2) if the shipment has not arrived on time (is past
due), or (3) if there is suspected loss or unaccounted for material.

The carrier completes the postnotification requirements of the Federal Highway Administration within 90
days of completion of the shipment, if required.  These requirements are for all HRCQ shipments
(quantities of radioactive material >3000A2 or >3000A1).

7.   MATERIAL INFORMATION

Nine (9) MOX fuel elements will be manufactured at LANL. Eight of the fuel elements will be prepared
for reactor irradiation; the ninth element will contain archive MOX pellets from different fabrication
batches, to be de-canned and characterized at AECL. The 8 reactor fuel elements will each contain natural
urania fuel pellets at each end of the fuel stack. The MOX fuel itself is made with depleted urania blended
with weapons-derived plutonium dioxide at a concentration of about 3.1 wt %. The fuel cladding material
is Zircaloy-4 alloy. Each of the fuel elements is helium leak-tested and decontaminated prior to loading
into the shipping container. See Attachment C for detailed analysis of isotopic quantities for the shipment.

The amount of radioactive material in the shipment will determine the shipment’s designation as HRCQ
shipments.  The controlling regulatory requirement is expressed as the A2 value that may be calculated
considering the mixture of radionuclides in the shipment.  (The determination of the A2 value for single
radionuclides and for mixtures of radionuclides, including radioactive decay chains, may be found in 10
CFR 71 Appendix A.)  For the fabricated fuel in this shipment, it was calculated that an excess of
approximately 200 grams of the mixture of Pu-239, -240, -241, -238, and Am-241 in a shipment would
classify the shipment as HRCQ.  Therefore, the planned shipment will need to be carefully evaluated for
HRCQ and the associated additional regulatory requirements.

8.   PACKAGING

The shipment classification for the MOX pellets will be Type B(U)F. The shipping Package will be a Type
B(U)F, specifically an “Atomic Energy of Canada Limited Model 4H Enriched Fuel Bundle Shipping



Internal Use Only — Limited Distribution ORNL/MD/LTR-67, Rev. 4

U.S. TRANSPORTATION PLAN FOR MOX FUEL SHIPMENTS

13
Internal Use Only — Limited Distribution

Package”. This packaging has certificates that are current in both Canada (CDN/4212/B(U)F, Rev 7) and
the United States (USA/0485/B(U)F, Revision 1). One of these packages will be supplied to LANL by
AECL for use in shipping the MOX fuel elements.

The 4H packaging consists of a 208-L (48 imperial gallon) metal drum with a sealable lid. Four inner
containers (2R type) are surrounded by a thermal shield material, a cushioning material, and metal
reinforcement retaining structures. Each 2R container houses an individual felt-lined aluminum can. The
MOX fuel will be packed in a rigid foam cylinder with holes for each of the nine fuel elements, and loaded
into one of the four 2R-type containers – the other 2R-type containers will be empty.

The AECL Model 4H packaging is specifically designed to withstand transport accidents, including severe
impact, puncture, water immersion and fire. Prior to certification of the package design, physical testing –
such as drop tests, puncture tests, underwater immersion, and fire exposure – was conducted to
demonstrate compliance with licensing requirements. The Model 4H packaging has been successfully used
for radioactive material shipments in Canada and several other countries around the world for more than
20 years.

As prepared for shipment, each of the 2R containers may contain up to 100 grams hydrogen, and:

not more than 22.6 kg of oxides of unirradiated uranium (natural or depleted) and
plutonium (separated and further described in Ref. 14), (U, Pu) O2, containing a maximum
of 20 kg total of uranium and plutonium with up to 4 wt% PuO2 in (U+Pu) O2 sealed in
zirconium alloy fuel cladding with Allowable Numbers and Transport Indices as set out in
Table 4.  CDN/4212/B(U)F, Rev. 7.

Containment for Type B quantities is provided by the closed drum and specification 2R containers with
additional containment provided by the leak-tight zircaloy fuel cladding on the elements (required).  The
maximum gross weight  of the package is 250 kg.  According to the Operating Procedures and the
Canadian Package Design Approval Certificate (and the U.S. Competent Authority Certification):

Shipment is authorized as Fissile Class II with a minimum transport index as specified (in
Canadian certificate of competent authority CDN/4212/B(U)F, Revision 7) under
Authorized Radioactive Contents, or the highest radiation dose rate, in microsieverts per
hour divided by 10, measured at one meter from any accessible external surface of the
package, whichever is larger.

The U.S. Certificate contains no additional requirements affecting the shipment other than the registration
of the user and the maintenance of the most recent copy of the U.S. Certificate.

9.   SHIPMENT PREPARATION

In addition to observation of the proper packaging procedures for the 4H shipping container, LANL is
responsible for preparing the shipping papers, assuring that the marking and labeling are correct, and
supplying the proper placards to the carrier.  The carrier is responsible for attaching the placards as
required by DOT and Transport Canada.
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An example of the proper shipping description to be used on the shipping papers is:

RQ, Radioactive material, fissile, n.o.s., 7, UN2918
FISSILE  MATERIALS
Normal Form
Physical and Chemical Form:  Solid, Oxide
Contains: Plutonium-239, Plutonium-240, Americium-241, Plutonium-2415

Total Activity:______TBq (weight in grams is an optional addition)
Type B: CDN/4212/B(U)F, Rev. 7,    USA/0485/B(U)F, Rev. 1

Labels Required: RADIOACTIVE YELLOW-III; Transport Index:___
Placards Required: RADIOACTIVE
Weight:_____ (units)
Emergency Response Number:________________
Exclusive Use Shipment

Shippers certification, signature

The marking of each of the packages must include the complete alpha/numerical description of the
Canadian and U.S. certificates.  The package must display the following marking: “RQ, Radioactive
material, fissile, n.o.s., UN2918 (RADIONUCLIDES).”   In addition, the gross weight of the shipment
must be stenciled on the package, and the marking may include the consignee name and address (optional).

A Radioactive Yellow-III label must be affixed to the package.  On the label, in waterproof pen, the
following should be inscribed:

Contents: Plutonium-239, plutonium-240, americium-241, plutonium-241
Activity: (insert total activity in TBq; in addition, weight in grams of isotopes may be inserted)
Transport Index: (for 3.1% Pu, this is assigned a value of 10 based on package certificate)

10.       PROPOSED ROUTES

The shipment will be by highway.  Representative routes from LANL to the Canadian border have been
calculated using the HIGHWAY routing model, which was developed by DOE specifically for the purpose
of selecting routes for shipment of radioactive materials using criteria set forth in DOT regulations.  The
representative routes are listed in Table 1 and described in some detail in the Environmental Assessment
for the Parallex Project Fuel Manufacture and Shipment, DOE/EA-1216.

                                                          
5 The package may also contain other low activity radionuclides that are not required to be  explicitly identified in the
“Contains” section of the shipping papers.
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Table 1.
Summary of Representative Transportation Routes

Between LANL and the U. S. Canadian Border

U.S.-Canadian
Border Crossing

Distance from LANL to
U.S.-Canadian Border

(miles)
Pembina, ND 1532
Sault Ste. Marie, MI 1960
Port Huron, MI 1755
Detroit, MI 1715
Buffalo, NY 1896
Niagara Falls, NY 1918
Watertown, NY 2127

11.   EMERGENCY PLANNING AND RESPONSE

State, tribal, and local government officials have the responsibility for emergency response to any accident
within their jurisdiction.  Initial responders administer first aid, isolate the area, attempt to identify the
hazard, and notify appropriate state and federal authorities.  Federal agencies become involved in
responding to an emergency when specifically requested to do so by the state, tribal, or local government
officials.  DOE is the primary agency for providing radiological monitoring and assessment assistance.
DOE’s support ranges from giving technical advice over the telephone to sending highly trained personnel
and equipment to the accident site to help identify and minimize any radiological hazards.  The selected
carrier for these shipments is responsible for providing emergency response assistance and
recovery/restoration actions, if necessary.  The TCC can provide assistance in emergency planning for the
shipment, if requested.

11.1 EMERGENCY PREPAREDNESS

As the DOE designated shipper, LANL will provide shipper-related emergency information and
maintain a 24-hour available emergency telephone contact for technical advice and detailed
information regarding the shipment.  This telephone contact number is recorded on the shipping
papers accompanying the shipment.  AECL will also provide 24-hour emergency contact.  This
number will be recorded on the shipping papers.

Current plans call for the TCC to be staffed during the 8-hour day shift, but the automated
TRANSCOM system will be running 24 hours a day so that authorized users can track the
shipment at any time.  If there is a requirement for 24-hour a day staffing of the TCC during the
shipment, additional funding will need to be allocated for TCC operations.
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11.2 NOTIFICATIONS

11.2.1  Carrier Breakdown

The carrier driver will notify the communications center if mechanical problems occur or a driver
is incapacitated.  If the driver requires assistance and replacement equipment and/or drivers, the
carrier communications center will notify LANL.  Information pertaining to the vehicle breakdown
shall be noted in the carrier communication center’s log and input to TRANSCOM.  If the vehicle
must deviate from the preferred route due to need of vehicle repair, or any condition that makes
continued use of the preferred route unsafe, the communications center will notify LANL and
TCC stating that the vehicle will be deviating from the preferred route.

11.2.2  Severe Weather

Indication of severe weather can be obtained from numerous sources.  Upon indication of severe
weather, the carrier communications center shall notify the driver and obtain his/her input (if not
initially alerted to the weather conditions by the driver).   The communications center will obtain
further information from the state police of the affected states and either:

• divert the driver, truck, and cargo to a state-designated safe parking haven until weather
improves;

• direct the driver to remain at present location until weather conditions permit safe travel; or
• delay the shipment, if prior to leaving the LANL facility, until weather improves.

Details of the decisions by the carrier communications center on stopping or diversion of the MOX
shipment due to severe weather will be entered into the communications center’s log and to
TRANSCOM.

11.2.3 Incident/Accident In Route

In the event of an incident, the driver will notify the 911 line, the appropriate state patrol, the
carrier communications center, and TCC of the event.  If the driver is unable to respond, the carrier
communications center or TCC will notify the state patrol that the driver is not responding.  The
state patrol can then locate the truck and establish incident command, if necessary.  Following the
alert of the local officials, the driver or TCC will notify the LANL 24-hour emergency notification
number.

Any state, tribal, local, or private sector organization needing radiological assistance can call the
nearest DOE Regional Coordinating Office (RCO) to obtain information, advice, or assistance
through the Federal Radiological Monitoring and Assessment Plan.  The DOE Regional
Coordinator decides what action is needed based upon the request.  The DOE RCO also ensures
that the appropriate state or tribal personnel are contacted in order to effect the appropriate
involvement of state or tribal officials and resources.  If the emergency is such that personnel
and/or equipment are needed at the accident scene, the RCO coordinates the activation of a DOE
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Radiological Assistance Program (RAP) team.  The RCO offices and phone numbers are listed in
Attachment A.

11.3 EMERGENCY RESPONSE IN THE UNITED STATES

The emergency-related roles and responsibilities that support this Plan are outlined below.

• The carrier driver, if able, will make emergency notifications described above and undertake
first aid actions, control the initial incident scene, provide assistance to first responders, and
perform other emergency actions as described in the carrier’s emergency response plan.

• First responders, local law enforcement, fire fighters, and emergency medical service
personnel will be guided in their approach to the incident scene and initial response actions
by information contained in 1996 North American Emergency Response Guidebook
(Ref. 15). Guide 165 applies to material transported in these shipments and is attached for
reference (Attachment D).  The Guidebook shall be in the possession of the driver, and the
Guide 165 or other similar information must be attached to the shipping paper
documentation.

• Working with the local incident command center, the carrier will follow its emergency
response procedures.  The carrier will be given first opportunity to dispatch a crew to the
affected area.  The states maintain specialized state-level hazardous materials and/or
radiological response teams that may be activated to provide technical assistance and
mitigation during emergencies.  State teams are activated by the incident commander.  DOE
will provide RAP teams from one of its eight regional offices to advise or assist in cleanup
operations, if requested.

• All public contact and release of information will be coordinated through the local officials
that have established incident command.  All information released will be with the
concurrence of all parties involved with the transportation and local incident command.

11.4 RECOVERY

The carrier has primary responsibility for package and transporter recovery operations.  Recovery
will not begin until the emergency phase of any accident is terminated, following a decision that
no further radiological or other hazard is present.  DOE will assist the carrier in recovery
operations, where appropriate.  States may wish to exercise their vehicle inspection responsibility
before permitting the recovery vehicle to proceed to the nearest DOE facility or to return to LANL.

11.5 CLEANUP AND SITE RESTORATION

The carrier has primary responsibility for cleanup and site restoration following an emergency.
Standards for such actions are established by regulation and by authorities in the affected
jurisdictions.

After the immediate threat of the accident has passed, the lead federal radiological monitoring and
assessment role is transferred from DOE to the Environmental Protection Agency (EPA).  It is the
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responsibility of the shipper to repackage and dispose of any primary radioactive material spilled,
plus any contaminated material.

11.6 EMERGENCY RESPONSE IN CANADA

AECL is responsible for preparing the “Emergency Response Form for Road” for transit in
Canada from the Canadian border to CRL.

12.   PHYSICAL PROTECTION

Under existing U.S. and Canadian regulations, the proposed shipment of MOX fuel from LANL to CRL
does not require any form of special security measures (e.g., security escorts).

LANL, acting on behalf of DOE, is required by DOE to meet the NRC physical protection requirements
for “special nuclear material, of low or moderate strategic significance” when offering the material to a
carrier for export.   The defining limits for these materials are (1) moderate strategic significance is special
nuclear material containing more than 500 grams plutonium but less than 2 kilograms and (2) low strategic
significance is special nuclear material containing more than 15 grams of plutonium but less than 500
grams.  DOE is exempt from these requirements when using a DOE transport system [10 CFR 73.6 (d)];
however, a commercial carrier will be involved, and the requirements of DOE are to comply with the NRC
regulations [DOE O 460.1A (Ref. 16) and 460.2].

The physical protection regulations for moderate strategic significance material in transit are found in 10
CFR 73.67 (e)(5) and for low strategic significance material in transit are found in 10 CFR 73.67 (g)(4).
The notifications differ somewhat regarding threat or theft of material, but both sections require a response
plan or procedures to deal with either threat or theft.   LANL shall carefully consider the quantities to be
shipped and comply accordingly.

AECL is responsible for providing protection comparable to the recommendations in the current version of
IAEA INFCIRC/225 (Ref. 17).  The IAEA Categories II or III protection will be applicable.  IAEA
Category II is the same as the NRC’s special nuclear material (SNM) of Moderate Strategic Significance,
and IAEA Category III is the same as the NRC’s SNM of Low Strategic Significance.

13.   INSURANCE/LIABILITY ISSUES

The carrier will maintain necessary insurance and liability coverage for the shipments.  DOE will retain
title of the material until it passes through the U.S.-Canadian customs and enters Canada.  AECL will
assume title at that point.  AECL will obtain insurance coverage for the material during transportation from
the Canadian border to CRL, if any is necessary beyond that normally held by the carrier.

14.   REFERENCES
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U.S DEPARTMENT OF ENERGY REGIONAL COORDINATING OFFICES

The name, post office or street address, and telephone number for assistance for the eight RCOs that are
located at eight DOE Operations Offices are provided below.  The map shows the location of the offices
and their geographical areas of responsibility.

1 Brookhaven Area Office
Upton
Long Island, NY  11973
516-282-2200

4 Albuquerque Operations Office
P.O. Box 5400
Albuquerque, NM  87115
505-845-4667

7 Oakland Operations Office
1333 Broadway
Oakland, CA  94612
510-273-4237

2 Oak Ridge Operations Office
P.O. Box 2001
Oak Ridge, TN  37831
423-576-1005
423-576-7885

5 Chicago Operations Office
9800 S. Cass Avenue
Argonne, IL  60439
708-252-4800 (Duty Hours)
708-252-5731 (Off Hours)

8 Richland Operations Office
P.O. Box 550
Richland, WA  99352
509-373-3800

3 Savannah River Operations
Office
P.O. Box A
Aiken, SC  29801
803-725-3333

6 Idaho Operations Office
785 DOE Place
Idaho Falls, ID  83401
208-526-1515
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Routing Analysis for Project Parallex Shipments

Purpose of the Shipments

DOE-MD proposes to ship nine CANDU reactor experimental MOX fuel pins between the DOE’s LANL
and the AECL’s CRL for the purposes of reactor irradiation in the Chalk River NRU Reactor and
subsequent PIE.  The material will be transferred from DOE to AECL as a laboratory sample, in support of
Project Parallex (meaning—Parallel Experiment) being conducted by AECL and funded by DOE.  The
purpose of Project Parallex is to insert MOX fuel pins manufactured from U.S. and Russian weapons
plutonium into a CANDU fuel bundle and then irradiate this fuel bundle in the NRU for a period of 15 to 18
months, followed by PIE of the irradiated fuel.  The PIE will determine burnup and other data that will allow
AECL and DOE to assess the suitability of burning MOX fuel in CANDU reactors.

Seven U.S. representative routes have been analyzed for their suitability in the upcoming shipment and are
described in some detail in the Environmental Assessment for the Parallex Project Fuel Manufacture and Shipment
(Ref. B1).  Figure B-1 is a map of the representative routes between Los Alamos and the U.S. Canadian
border.

Figure B-1.  Map of Representative Routes between LANL and CRL
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Shipment Description

The shipment will be conducted using a commercial carrier and will use a Type B(U)F package certified by
both the Canadian and U.S. Transportation Authorities.  The quantity of material in the shipment is
described in Attachment C.  The Parallex EA (Ref. B1) provides a bounding estimate of environmental risks
associated with this action.

This Transportation Plan considers only the material quantities that are currently expected to be shipped
between LANL and CRL.  Thus, the planned shipment quantity of plutonium is less than analyzed in the
EA.  The total quantity of Pu required for the shipment is approximately 0.119 kg.

Routing Analysis

Any shipment of radioactive material within a single package that exceeds 3000 times either the A1 (for
special form radioactive materials) or A2 (for normal form radioactive materials) value is by definition an
HRCQ shipment.1  Additionally, when isotopic mixtures are involved, all isotopes must be evaluated
relative to their unique A1 or A2 values to determine if the mixture exceeds a HRCQ.

The 49 CFR 397.101 specifies that HRCQ shipments of radioactive materials operate over preferred routes.
Preferred routes are defined as Interstate System highways.  If an Interstate bypass or beltway exists around
a city, these roads shall be used in place of an Interstate highway through the city.  State routing agencies
have the option of designating alternative routes in addition to, or in lieu of, Interstate routes.

Routes must be selected to reduce the time in transit over the preferred route segment of the trip.  For pickup
and delivery locations not on preferred routes, the route selected must be the shortest-distance route from the
pickup location to the nearest preferred route entry location and the shortest distance from the nearest
preferred route exit location.

DOE-MD, during preparation of the EA supporting the shipment of unirradiated MOX fuel elements from
LANL to CRL, identified seven possible representative routes between LANL and the U.S.—Canadian
border. Each U.S. route begins at LANL and ends at the U.S.—Canadian border.

For descriptive purposes, the routes are identified by the name of the nearest U.S. city at or near the U.S.—
Canadian border.  The routes were calculated using the HIGHWAY routing model (Ref. B2), which was
developed by ORNL specifically for the purpose of selecting routes for shipments of radioactive materials
using criteria set forth in DOT regulations.  The selection of the different routes provides a spectrum of
routes for comparative evaluation of the relative risks of transporting radioactive materials.  Table B-1
summarizes the distances of the U.S. and Canadian portions of each of the possible shipment routes.

Sault Ste. Marie, MI, has been selected as the preferred border crossing point for the shipment.

                                                          
1 For example, Pu-239 has an A2 value of .0054 Ci.  Thus, shipment of more than 16.2 Ci of Pu-239 would be an
HRCQ shipment and would require the shipment of Class 7 (Radioactive) materials to comply with route selection
criteria per 49 CFR 397.101.  These routing criteria are also know as HM-164.
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Table B-1.
Summary—Representative Transportation Routes
Between LANL and the U.S. —Canadian Border

Border-Crossing
Distance from LANL
to U.S.—Canadian

Border
miles

Pembina, ND 1532
Sault Ste. Marie, MI 1960
Port Huron, MI 1755
Detroit, MI 1715
Buffalo, NY 1896
Niagara Falls, NY 1918
Watertown, NY 2127

Description of Representative Routes

The following paragraphs describe the U.S. and Canadian2 portions of the possible route for the shipment
from Los Alamos to Chalk River.  Final route selection will be made by agreement between DOE and
AECL.  The representative route description listed below are organized by their respective U.S.—Canadian
border crossing locations.  It is important to note, however, that since the proposed shipment contains less
than an HRCQ, no specific shipment routes within the United States are required under U.S. regulations, and
specific routes within Canada will be designated by the Canadian transport authorities.  Table B-2 provides
detailed listings of the route as reported by the HIGHWAY model.

Each HIGHWAY output has three general segments of information.  The first provides a brief description
and summary of the route, including summaries of the route by type of road.  The second segment of the
HIGHWAY output provides a detailed listing of the calculated route.  Interpreting the route listing is as
follows:

Routing through:   <beginning at the origin>
    .0             LOS ALAMOS                  NM      .0   0:00   2/25 @ 16:39
   6.0 LTRKR       BANDELIER N M  W  S4   LTRK NM     6.0   0:10   2/25 @ 16:49
..
.                  <and concluding at the destination>
73.0 K17   TCAN  CHALK RIVER                 ON  2298.0  43:24   2/27 @ 14:01
------ ----------- -------------  -- --------- --  ------  -----  ----   -----
miles  road names  named place    *1 intersect *2  dist    time   date   hour

where:
miles = distance from previous named place to this named place
road names = list of up to two different road identifiers (K designates Canada)
named place = alphanumeric name
*1 = position of the intersection relative to the named place
intersect = road identifiers for the intersection
*2 = state/province
dist = cumulative distance (miles)
time = cumulative time (assuming speed limits, Max = 55 m.p.h)
date = date of shipment (default to current date)
hour = hour of day (default to current time, then cumulative)

                                                          
2 The K in front of the highway number indicates a provincial route, and the T in front of the highway number indicates
a Trans-Canada Highway route.
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The third segment provides a detailed listing of the population density and a summary that provides input to
RADTRAN, the DOE’s tool for calculating transportation risk assessment.

Sault Ste. Marie border-crossing:

• LANL, NM, to Sault Ste. Marie, MI: This runs northeast from LANL across the Midwest and Great
Lakes states and enters Canada near Sault Ste. Marie, MI.  The route would go from LANL to Santa Fe,
NM, on state and U.S. highways.  At Santa Fe, NM, the shipment would travel south on I-25 to
Albuquerque, then east on I-40 across eastern New Mexico, the panhandle of Texas, and through
Oklahoma to Oklahoma City, OK.  Here, it would pick up I-44 and travel northeast through Tulsa, OK,
into Missouri through Springfield, MO, to St. Louis, MO.  At St. Louis, the shipment would pickup I-55
and travel north through Illinois to Joliet, IL, where it would use I-80 and I-94 to travel through
northwest Indiana and southwest Michigan.  At Marshall, MI, the shipment would turn north on I-69
through Lansing, MI, and Flint, MI, to the U.S.—Canadian border near Sault Ste. Marie, MI.  The
shipment would cross into Canada over the International Bridge at Sault Ste. Marie.  No specific
restrictions for transporting radioactive material are reported for the International Bridge.  The estimated
distance for this route is 1,960 miles, and the time required is 34 hours and 21 minutes.

References

B1.  DOE Office of Fissile Materials Disposition, Environmental Assessment for the Parallex Project Fuel
Manufacturing and Shipment, DOE/EA-1216, January 1999.

B2.  P. E. Johnson, D. S. Joy, D. B. Clarke, and J. M. Jacobi, HIGHWAY 3.1 — An Enhanced Highway
Routing Model: Program Description, Methodology, and Revised User’s Manual, ORNL/TM-12124,
March 1993.
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 Table B-2. HIGHWAY Results for Sault Ste. Marie, MI, Border Crossing
LANL to Sault Ste. Marie

                                                 HIGHWAY  3.4                          Page    1

             ***************************************************************************************************

                       LOS ALAMOS                  NM       to       MIONBRDGSAULSAUL            MI

             ***************************************************************************************************
                         Leaving :  4/12/99 at 11:16 MDT Arriving:  4/13/99 at 23:35 EDT
                         Total Road Time: 34:21          Total Miles: 1960.0

       Route Type: Q with 2 Driver(s)   Time Bias:  1.00  Mile Bias:   .00  Toll Bias:  1.00

                       The following constraints are in effect:
                          Route avoids links prohibiting truck use
                          Route follows HM-164/State preferred routes of high level radioactive waste
                          Route avoids ferry crossings
                          Route avoids access roads between nonintersecting Interstate Highways

                       Weighting used with preferred highways:    30.0

                       Mileage by Highway Sign Type:
                               Interstate: 1920.0    U.S.:   20.0  State:   13.0   Turnpike:     .0
                                   County:     .0   Local:    6.0  Other:    1.0

                       Mileage by Highway Lane Type:
                             Limited Access Multilane: 1920.0  Limited Access Single Lane:    1.0
                                    Multilane Divided:   20.0         Multilane Undivided:     .0
                             Principal Highways:     .0   Through Highways:   13.0   Other:    6.0

                                                           State Mileage
                                                           -------------
                                                            MI    486.0
                                                            IN     47.0
                                                            IL    301.0
                                                            MO    285.0
                                                            OK    356.0
                                                            TX    177.0
                                                            NM    308.0
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                                                  HIGHWAY  3.4                                               Page   2

               ******************************************************************************************************

                           LOS ALAMOS                  NM       to       MIONBRDGSAULSAUL            MI
               ******************************************************************************************************
                         .0              LOS ALAMOS                  NM         .0   0:00   4/12/99 at 11:16
                        6.0  LTRKR       BANDELIER N M  W  S4   LTRK NM        6.0   0:10   4/12/99 at 11:26
                        1.0  S4          BANDELIER N M  N  S4   S502 NM        7.0   0:12   4/12/99 at 11:28
                       12.0  S502        POJOAQUE          U285 S502 NM       19.0   0:27   4/12/99 at 11:43
                       18.0  U285  U84   SANTA FE          U285 U84  NM       37.0   0:47   4/12/99 at 12:03
                        2.0  U84         SANTA FE       S  I25  X282 NM       39.0   0:50   4/12/99 at 12:06
                       56.0  I25         ALBUQUERQUE    E  I25  I40  NM       95.0   1:39   4/12/99 at 12:55
                      536.0  I40         OKLAHOMA CITY  W  I40  I44  OK      631.0  10:36   4/12/99 at 22:52
                       10.0  I44         OKLAHOMA CITY  NE I35  I44  OK      641.0  10:47   4/12/99 at 23:03
                        5.0  I35   I44   EDMOND         SE I35  I44  OK      646.0  10:52   4/12/99 at 23:08
                       86.0  I44 $ TTRT$ OAKHURST       E  I44  X221 OK      732.0  12:13   4/13/99 at  0:28
                       20.0  I44         CATOOSA        S  I44  X241 OK      752.0  12:33   4/13/99 at  0:48
                       72.0  I44 $ TWRT$ MIAMI          E  I44  X313 OK      824.0  14:09   4/13/99 at  2:25
                       17.0  I44 $       JOPLIN         SW I44  X1   MO      841.0  14:26   4/13/99 at  2:42
                      276.0  I44         ST LOUIS       SW I270 I44  MO     1117.0  18:53   4/13/99 at  7:08
                        6.0  I270        ST LOUIS       S  I270 I55  MO     1123.0  18:59   4/13/99 at  7:14
                       26.0  I255        COLLINSVILLE   W  I255 I55  IL     1149.0  19:27   4/13/99 at  7:42
                       10.0  I55   I70   EDWARDSVILLE   SE I270 I55  IL     1159.0  19:38   4/13/99 at  7:53
                      136.0  I55         BLOOMINGTON    SW I55  I74  IL     1295.0  22:07   4/13/99 at 10:22
                        7.0  I55   I74   NORMAL         NW I55  I74  IL     1302.0  22:44   4/13/99 at 10:59
                       88.0  I55         JOLIET         SW I55  I80  IL     1390.0  24:20   4/13/99 at 12:35
                       29.0  I80         HOMEWOOD       NW I294 I80  IL     1419.0  24:52   4/13/99 at 13:07
                        5.0  I294$ I80 $ LANSING        W  I294 I94  IL     1424.0  24:57   4/13/99 at 13:12
                       19.0  I80   I94   LAKE STATION   NE I80  I94  IN     1443.0  25:18   4/13/99 at 13:33
                      139.0  I94         MARSHALL       NW I69  I94  MI     1582.0  27:58   4/13/99 at 17:13
                       36.0  I69         LANSING        SW I69  I96  MI     1618.0  28:31   4/13/99 at 17:46
                        7.0  I69   I96   LANSING        NW I69  I96  MI     1625.0  28:38   4/13/99 at 17:53
                       56.0  I69         FLINT          SW I69  I75  MI     1681.0  29:29   4/13/99 at 18:44
                      222.0  I75         MACKINAW CITY  S  I75  X338 MI     1903.0  33:25   4/13/99 at 22:39
                        6.0  I75 #       ST IGNACE         I75  X344 MI     1909.0  33:33   4/13/99 at 22:47
                       50.0  I75         SAULT ST MARIE    I75  X395 MI     1959.0  34:19   4/13/99 at 23:33
                        1.0  BRDG#       MIONBRDGSAULSAUL            MI     1960.0  34:21   4/13/99 at 23:35
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Table B-2. HIGHWAY Results for Sault Ste. Marie, MI, Border Crossing (continued)
LANL to Sault Ste. Marie

                                                             HIGHWAY  3.4                                             Page 3
               ******************************************************************************************************

                           LOS ALAMOS                  NM       to       MIONBRDGSAULSAUL            MI
               ******************************************************************************************************
                    ---------------------------------  MILEAGE WITHIN DENSITY LEVELS  --------------------------------------
                              <0.0      5.0     22.7     59.7      139      326      821     1861     3326     5815
  State    Miles        0     -5.0    -22.7    -59.7     -139     -326     -821    -1861    -3326    -5815    -9996    >9996
  --------------------------------------------------------------------------------------------------------------------------

   MI     486.0     36.5     55.1     67.2     81.9     92.9     84.6     43.0     15.8      7.8       .9       .0       .0
   IN      47.0       .8      1.0      3.6      2.4      6.4      7.1      8.5      9.9      3.8      2.1      1.4       .1
   IL     301.0     26.0     62.2     55.5     44.7     30.0     24.9     23.0     16.5     11.0      4.7      2.2       .3
   MO     285.0     17.8     52.4     56.2     62.2     35.8     24.4     18.8     10.4      4.2      2.1       .6       .0
   OK     356.0     23.7     73.8    110.8     56.6     32.4     23.5     13.7      8.9      6.4      4.4      1.5       .0
   TX     177.0      7.1    125.9     29.1      1.4      1.3      1.0      2.5      1.5      4.6      2.3       .3       .0
   NM     308.0     65.8    149.7     26.1     23.8     17.1      5.3      4.7      4.8      3.1      4.6      2.9       .0
 Route
 Total   1960.0    177.7    520.0    348.6    272.9    215.9    170.7    114.2     67.8     40.9     21.1      9.0       .5
 Percentages
                     9.1     26.5     17.8     13.9     11.0      8.7      5.8      3.5      2.1      1.1       .5       .0
 Basis: 1990 Census

                                                         RADTRAN Input Data       Rural  Suburban     Urban

                                       Weighted Population
                                            People/sq. mi.       25.3     767.9    5629.8
                                            People/sq. km.        9.8     296.5    2173.7

                                       Distance                                               Total
                                            Miles              1535.2     393.6      30.6    1960.0
                                            Kilometers         2470.6     633.3      49.2    3154.2
                                            Percentage           78.3      20.1       1.6

                                       Basis (people/sq. mi.)    <139  139-3326     >3326   1990 Census

                                       Note: Due to rounding, the sum of the mileages in the individual
                                             population categories may not equal the total mileage shown
                                             on this report.
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EVALUATION OF SHIPMENT QUANTITIES FOR PROJECT PARALLEX SHIPMENTS
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Attachment C

Evaluation of Shipment Quantities for Project Parallex Shipments

S. B. Ludwig
Oak Ridge National Laboratory

The purpose of this evaluation is to provide a general description of the materials that would be shipped
under Project Parallex.  Transportation planning requires specific information about the quantities of each
isotope involved in the shipment.

Certain key assumptions were utilized to determine a “best guess” on the actual quantities of each isotope
that would be involved in each shipment.  These assumptions include:

1.  The shipment is nine fuel rods (eight rods for irradiation and a ninth rod for archiving) that are
composed of 3.1% intermediate homogeneity MOX.

2.  Pu oxide was derived from a nuclear weapon “pit,” and processed at LANL using ARIES hydride-
dehydride “dry” processing system, followed by oxidation process to produce Pu oxide.  This
particular weapon’s pit contained a small amount of HEU.  A 1.3% impurity value, as determined by
assay.

3.  ORNL has included Am-241, which was measured by assay at a nominal value of 1490 ppm (1500
ppm was assumed in the assessment).

4.  Each fuel element, when assembled, includes two natural uranium “shim” pellet.  The shim pellet
ensures that each fuel element contains the same total length of fuel.  Each element contains
approximately 36 pellets.  LANL assumed a conservative estimate of 3.0 kg of “shim pellets” would
be shipped.  The actual amount is approximately 200 g of uranium per each 14 element bundle and
130 g of uranium per each nine element bundle (about 660 g total natural uranium for the total four
bundle shipment).

Table C-1 shows the isotopic summary that represents the “best guess” of the amount of each isotope
involved in each proposed shipment.  When the shipment is prepared for transport, the actual amount will
be listed on the shipping papers and package labels.  From the standpoint of conformance to the
transportation regulations, it appears that the shipment will not be an HRCQ.  Based on the isotopes
involved, the HRCQ limit is reached when the amount of Pu exceeds approximately 200 grams.
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Table C-1.  Characteristics of Nine Experimental MOX Fuel Rods
for Shipment under Project Parallex

Isotope Concentration
(grams)

Radioactivity
(curies)

Thermal Power
(watts)

Fraction of A2b

U-235 11.5 2.49E-5 6.5E-7 Unlimited
U-238 4,010.0 1.35E-3 3.4E-5 Unlimited

Total U 4,022.0 1.37E-3 3.5E-5 Unlimited

Pu-238 0.01 0.17 5.7E-3 31.66
Pu-239 111.8 6.95 0.21 1,285
Pu-240 7.0 1.60 0.05 295.0
Pu-241 0.2 20.61 6.4E-4 76.34
Pu-242 0.04 1.53E-4 4.5E-6 0.03

Total Pu 119.1 29.3 0.27 1,688

Am-241a 0.18 0.61 0.02 113.3
Total Am 0.18 0.61 0.02 113.3

TOTAL 4,141 29.95 0.29 1,801
a Am-241 is assumed to be 1500 ppm of Pu.  For conservatism, 1500 ppm was added to measured isotopic
composition (per 5 Oct 1998 PuO2 Feedstock Report from LANL)
b A2 fraction is determined by taking the activity of each isotope and dividing it by the A2 value for each isotope
found in 10 CFR Part 71 (or 49 CFR Part 173).  If the sum of A2 values exceeds 3000, the shipment is designated an
HRCQ.
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ATTACHMENT D

GUIDE 165, RADIOACTIVE MATERIALS (Fissile/Low to High Level Radiation)
FROM THE 1996 NORTH AMERICAN EMERGENCY RESPONSE GUIDE
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