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INMM PRESIDENTS MESSAGE

Members' Input Key to INMM Strategic Planning

INMM has grown
in a systematic
and ordered man-
ner due to the
excellent guid-
ance of former
officers and Exec-
utive Committee
members. We

have had successful long-range plan-
ning committees and other committees
that have helped us establish the organi-
zation as it is today.

In addition to their usual areas of
interest, we have asked each of the six
INMM Technical Divisions—Inter-
national Safeguards, Materials Control
and Accountability, Nonproliferation
and Arms Control, Packaging and
Transportation, Physical Protection, and
Waste Management—to determine how
it can contribute to the national problem
of combating terrorism. Most of the
divisions will address this important
issue at their Sunday afternoon division
meetings at the 43rd INMM Annual
Meeting in Orlando, Florida, in June—
some may also have papers on this topic
during the regular sessions.

During our meeting in November
2001, the INMM Executive Committee
agreed that it was time to update our
planning process, create a strategic plan,
and determine the future course for the
Institute. We would like to create a
vision of what the organization should
look like in five years, ten years, and
beyond. Should we continue as we are
or are there important changes we
should make?

During the March 2002 Executive
Committee meeting, we devoted a day
to discussing ideas for a strategic plan.
We believe that plans are more mean-

ingful and will receive more member
support if the entire membership is
given the opportunity for input. I recog-
nize that many of you cannot attend the
Executive Committee meetings, but I
want to emphasize that all INMM
members are welcome to attend. The
Executive Committee meets three times
a year—usually on the day before the
opening of the annual meeting, in
November, and hi March. The November
meeting usually focuses on the budget
for the upcoming year; the March
meeting is held in conjunction with the
Technical Program Committee meeting.

In order to allow all of you to have
input into the strategic planning process,
you can contact any of the officers or
headquarters staff with your thoughts and
suggestions—their names and contact
information is available on the INMM
Web site at http://www.inmm.org. Also,
we plan to have a time during the annual
meeting when we will brief you on the
status of the preliminary planning and
ask for your input. This meeting is
planned for the evening of Wednesday,
June 26. The time and location will be
noted in the meeting program.

Please give this some thought. We
are looking for both short- and long-term
suggestions about every aspect of INMM.
Think about how the annual meeting, the
division workshops, the Journal, chap-
ters, divisions, standing committees, or
headquarters staff could serve you better
and help move the field of nuclear
materials management forward.

As I have mentioned before we are
concerned that we are not attracting
more young people into INMM and are
developing plans to help correct this
problem. We also want to examine the
ways we generate our operating funds

(dues increases, more workshops, out-
side sponsorships, annual meeting regis-
tration fees).

We are not looking for change for
change's sake; we are trying to determine
if changes could make the organization
better and to have as much consensus of
the entire membership as possible.

Annual Meeting News
Planning for our 43rd INMM Annual
Meeting, which is being held this year
at the Renaissance Orlando Resort,
Orlando, Florida, June 23-27, is also
moving along very well. More than 300
technical papers have been submitted
and these papers, coupled with our
strong opening and closing plenary
sessions, should make this annual
meeting even bigger and better than
past annual meetings.

I encourage you to make plans now
to attend. Our annual golf tournament
and division meetings are held Sunday,
June 23. See Technical Program Chair
Charles Pietri's article on page 69 for
more information.

I encourage you to communicate
with INMM headquarters, your divi-
sion, chapter, and committee chairs,
with any of the INMM officers and
executive committee members, and with
each other to share information and on
all matters that will make our organiza-
tion and profession better.

James D. Williams
INMM President
Sandia National Laboratories
Albuquerque, New Mexico U.S.A.
Phone: 202/586-3755
Fax: 202/586-3617
E-mailjdwilli@sandia.gov or
jim. williams@hq.doe.gov
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TECHNICAL EDITOR'S NOTE

A Focus on Meetings

This issue of the
Journal provides
a variety of inter-
esting articles and
many of those are
among the best
presented at two
important nuclear
materials man-

agement events held in the last few
months. The technical papers section of
the JNMM begins with four award-
winning papers from the Thirteenth
International Symposium of the
Packaging and Transportation of
Radioactive Materials (PATRAM 2001)
held in early September 2001 (see
PATRAM Symposium Highlights on
page 6).

After that, we have two papers that
were presented at the INMM Spent Fuel
Management Seminar XIX, held in
January 2002, Waste Package and
Material Testing for the Proposed Yucca
Mountain High-Level Waste Repository
by T. W. Doering and V. Pasupathi of
Bechtel SAIC Co. LLC.

Those papers are followed by
Proliferation Resistance: New Visibility
and Myths by Bill Stanbro and Chad
Olinger, both of Los Alamos National
Laboratory. In addition, we are quite
pleased to provide to you Senator Pete
Domenici's November 19, 2001, pre-
sentation to the George Bush Presidential
Conference Center at Texas A&M
University, tided The Need for Nuclear
Energy—Four Years After the Harvard

Speech America's Energy Challenge—
the Nuclear Answer. (Recall that we
published Senator Domenici's Harvard
speech in the spring 1998 issue of the
JNMM).

The last article is one by Matt Bunn
(Harvard University) and his father
George Bunn (Stanford University)
titled, Strengthening Nuclear Security
Against Post-September 11 Threats of
Theft and Sabotage. I heard a version of
this paper at the IAEA's Symposium on
International Safeguards: Verification
and Nuclear Material Security, held in
Vienna October 29-November 2, 2001.1
believe these papers represent a broad
range of interest that represents the
typical INMM member.

In the spirit of strategic planning (see
page 2), I believe it is responsible plan-
ning to consider the future of the
Journal, and how it can be structured to
best serve you, our members. This is not
an easy task without input from our
readers. Even with such input, it will not
be easy. I need your thoughts and ideas.

Over the years we have attempted to
bring to you the happenings of the
Institute by including technical division
and chapter reports, by including New
Member listings, Member News, and
just recently by including a wrap-up of
the Executive Committee meetings.
Also recently, we initiated Meet the
Member—which profiles INMM mem-
bers. These changes lead us to ask:
Should we continue to include these
types of articles, or should we focus

only on technical and policy articles?
We also have instituted a peer review

process that is functioning with what I
consider to be good success under the
leadership of Steve Dupree, the assistant
technical editor. We have so far chosen
not to identify those papers that have or
have not been peer reviewed. Should
we? I have discussed these types of
JNMM issues with various members of
the Institute, receiving mixed opinions.
It doesn't take long to generate e-mail
and send it off to me. I would appreciate
your thoughts. Also, in his message,
President J. D. Williams notes that he
will have a strategic planning meeting
for all members at the Annual Meeting
on Wednesday, June 26. I plan to be
there, and I hope to continue to receive
input on the Journal at that time. But in
the meantime, send the e-mails.

In closing, we would like to express
our sincere sympathies to INMM
Secretary Vince DeVito, who lost his
wife Jeanne in early March. Jeanne was
a strong supporter of Vince's involve-
ment in the INMM and she was cer-
tainly one of the "first ladies" of the
Institute. She will be missed.

Dennis L. Mangan
Technical Editor
Sandia National Laboratories
Phone: (505) 845-8710
Fax: (505) 844-8814
E-mail: dlmanga@sandia.gov
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INSIDE INSIGHT

March EC Meeting Highlights

President J.D.
Williams con-
ducted the second
INMM Executive
Committee (EC)
meeting in FY02
March 6-7 in
Reno, Nevada.
Treasurer Vince

DeVito was unable to attend due to the
death of his wife Jeanne on March 6.
Our condolences go out to Vince and his
family. The first day's meeting was a
regular business meeting and the second
day was devoted to strategic planning.
The highlights follow. (Note: these are
not the official INMM Executive
Committee meeting minutes prepared
by Executive Director Rachel Airth and
approved at the EC.)

Standards Committees. INMM is
responsible for two American National
Standards Institute (ANSI) standards
committees: Packaging and Trans-
portation of Radioactive and Non-
Nuclear Hazardous Materials (N-14),
and Methods of Nuclear Material
Control (N-15). N-15 Chair Joe Rivers,
has decided to step down and a search
is underway for his successor. If you are
interested in volunteering as N-15
chair, either of the two division chair
positions mentioned below, or other
INMM positions, contact an EC member
as soon as possible.

Waste Management Division. Chair
Ed Johnson reported on the very suc-
cessful Spent Fuel Management
Seminar held January 9-11 in
Washington, D.C. This event included
130 participants from eight countries,
thirty speakers, five panelists, and seven
sessions. And it was financially suc-
cessful. Two of the papers are pub-
lished in this issue of the Journal of
Nuclear Materials Management.

Physical Protection Division. Chair
Steve Ortiz reported on some difficulties
in arranging topical workshops. Plans
were in progress to have two workshops
on vulnerability assessment but they
have been cancelled due to political sen-
sitivities post-September 11. If you have
ideas and/or needs for other workshops
contact Ortiz at sortiz@sandia.gov.

Packaging and Transportation
Division. Chair Billy Cole's report noted
that four papers from PATRAM 2001
are published in this issue of JNMM.
Cole also has resigned after several
years of service, so a search for his
replacement is underway.

Nonproliferation and Arms Control
Division. Chair Steve Mladineo has
organized this technical division into
three standing committees: Proliferation
Assessment and Analysis (Paul
Rexroth), Former Soviet Union Non-
proliferation and Arms Control (John
Smoot), and Global and Regional Non-
proliferation and Arms Control (Fred
Luetters). They are planning activities
for the Annual Meeting and beyond.

Materials Control and Accountability
Division. Chair Dennis Brandt has been
working to organize workshops with the
U.S. Department of Energy on MC&A
objectives and insider vulnerability
analyses. However these will not be
held due to their sensitivities within the
DOE safeguards communities. Brandt
also announced his intention to step
down after several years of service.

International Safeguards Division.
Chair Jim Larrimore reported on plans
for an ISD meeting on May 27 in
Luxembourg before the ESARDA
Annual Meeting. Jim and the ISD are
planning another superb JNMM issue in

summer 2002 with a dozen articles on
the topical area of International
Verification Beyond the NPT.

Division Meetings. All six technical
divisions will hold meetings Sunday, June
23, at the INMM Annual Meeting. All
meeting attendees are invited and urged
to attend, participate, and volunteer.

Annual Meeting Committee. Tech-
nical Program Committee Chair Charles
Pietri reported on the previous day's
meeting to plan the technical sessions
for the Annual Meeting. It's shaping up
as another outstanding event: more than
300 papers in forty-three sessions evenly
distributed from Monday morning after
the Opening Plenary Session through
Thursday morning prior to the Closing
Plenary Session, with the Poster Session
on Tuesday.

Communications Committee. Chair
Jim Griggs announced major plans to
further upgrade the INMM Web site.
You may recall that the previous major
upgrade occurred last year at the time of
the Annual Meeting. The new features
will include:

• Member's Only Area with online
member directory

• Online Credit Card Transaction
Processing (Annual Meeting reg-
istration, membership)

• Student Area (information bro-
chure, student resumes, job
openings)

• Employment Area (job openings,
confidential member resumes)

• Online JNMM Article Sub-
mission

• Public Information Area (FAQs,
Ask the Experts)

These functions should all be avail-
able by the end of 2002.
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Government-Industry Liaison Comm-
ittee. Chair Jim Lemley reported that
committee members are busy planning
the Annual Meeting Closing Plenary.
Tentative topics are NRC nuclear facility
security, IAEA physical protection
activities, and New York City's
September 11 response.

Membership Committee. Chair Scott
Vance reported that membership
renewals are running slightly ahead of
last year. He noted that inexplicably
only a minority of members indicated
division interest areas. The 2002
Membership Directory should be
mailed in early April. If anyone would
like extra copies of the information
brochure to use in recruiting new mem-
bers, please contact INMM Head-
quarters at 847/480-9573.

Memorial Fund Outreach Committee.
Chair Jim Tape is in the process of
redefining the charter and activities of
this committee. Member input is wel-
come.

Regional Chapter Reports. Five of
twelve chapters provided reports:
Northeast, Northwest, Southeast,
Southwest, and Vienna. The four U.S.
chapters all reported new activities to
attract students.

Old Business
Operations Manual. Past President
Debbie Dickman provided copies of the
new draft INMM Operations Manual to
the EC. This is the reference manual for
all volunteer and headquarters staff
positions and includes a description of
duties and responsibilities for each job.
Thanks to Debbie for her major effort.

Student Paper Initiative. The EC
began this initiative with the regional
chapters in November with a goal of
sponsoring a student paper session at the
Annual Meeting. Due to a late start this
will not happen in 2002. Only the
Southwest Chapter was ready to commit
for this year, but the EC plans to con-
tinue to pursue this and expects consid-
erably more participation in 2003.

New Business
Chair Appointments. The EC dis-
cussed possible candidates for the three
vacancies noted above. No final selec-
tions were made. Candidates will be
contacted and asked to provide their
resumes and proposals on how they
would conduct business as the chair.

Web Site Links. The EC discussed pro-
viding links from the INMM Web site to
other nuclear-related Web sites. There
was a recognized need to establish a pol-
icy and selection criteria to achieve this
in and equitable and consistent manner.

N-14 Proposal. The N-14 standards
committee submitted a proposal to use
the INMM Web site as a tool for the
authors and reviewers of its subcommittee
standards. This will be evaluated by the
Communications Committee with
regard to cost and impact.

Hotel Tour. After the regular business
meeting interested members of the EC
were given a tour of the Reno Hilton
hotel facilities by marketing staff. This
property has 2,000 sleeping rooms and
an abundance of meeting space. Reno
and the Hilton are potential candidates
for an INMM Annual Meeting in an out
year (2007). If you have an opinion on
Reno and this hotel for an annual meeting,
please convey this to an EC member.

Strategic Planning. On March 7, the
INMM Officers, Executive Committee,
division chairs, committee chairs, and
technical program committee members
met in an all-day session to begin strate-
gic planning. INMM President J.D.
Williams introduced the planning
process we will use and then led a series
of open, fully engaged, thought-pro-
voking discussions. We addressed what
we would like INMM to become, things
that we would like to change, and some
things to do to achieve these goals and
objectives. By the end of this first plan-
ning day we had identified four major
planning focus areas and small groups
to develop draft action plans for the
November EC strategic planning meeting
review and approval. These areas are:

• Awareness and communication
• Institute funding
• Students and new members
• Leadership development

The EC wants to provide an oppor-
tunity for all segments of our member-
ship to provide input to this important
INMM strategic planning process. To
achieve this end, we will hold an open
meeting Wednesday evening during
the Annual Meeting—see the Final
Program for time and location. This will
consist of a brief summary of our March
planning activities and we will devote
the majority of time to receiving mem-
ber input.

John Matter
INMM Vice President
Sandia National Laboratories
Albuquerque, New Mexico U.S.A.
Phone: 505/845-8103
Fax: 505/284-5437
Email: jcmatte@sandia.gov
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PATRAM Symposium Highlights

Billy Cole
JAI Corp.

Fairfax, Virginia U.S.A.

In this issue of the Journal, we are highlighting award-
winning papers from the Thirteenth International
Symposium on the Packaging and Transportation of
Radioactive Materials (PATRAM 2001). The INMM was
honored to host the 680 participants of PATRAM 2001,
September 4-9, 2001, in Chicago, which was sponsored by
the US Department of Energy and the International Atomic
Energy Agency.

Koji Shirai's paper, "Demonstrative Rupture Test and
Safety Evaluation of a Natural UF6 Transport Cylinder at
High Temperature," received the PATRAM Chairman's
Award for Excellence. Shirley O'Rourke's paper, "Managing
Transportation Quality," Thomas Quercetti's paper,
"Analytical, Numerical and Experimental Investigations on
the Impact Behavior of Packages for the Transport of
Radioactive Material Under Slap Down Conditions," and
Mike Krzaniak's paper, "The Effects of Type C Packaging on
the Shipment of High Activity Co-60 Sources," all received
the AOKI Award for Distinguished Oral Presentation. These
four papers are reprinted here from the PATRAM 2001
Proceedings.

In Shirai's paper, he discusses the results of tests done to
determine the effects of high temperature on UF6 casks. In
accordance with the revision of the IAEA regulation in
1996, the fire test became a requirement for the natural UF6

transport container. When the UF6 transport container is
involved in a fire, packaged UF6 can easily be transformed
from solid phase to liquid or gas phase at a comparatively
low temperature, and can cause an inner pressure increase.
As the structural strength of the cylinder material (ASTM
SA516 carbon steel) decreases with increasing temperature,
it is very important to evaluate the thermal-mechanical
behavior of UF6 cylinder under realistic fire conditions.

Shirley O'Rourke's paper discusses the implementation
of quality assurance programs during and after the design
and testing of a transportation package. Although 10CFR
Part 71 establishes quality-assurance requirements for the

design and use of Type B packages, quality requirements do
not end with Type B. The nuclear safety management rule,
10CFR830; DOE Order 414, and good business practices all
reflect the need for managing the quality of all packaging
and transportation processes.

Thomas Quercetti's paper discusses the hypothetical
design tests in the IAEA regulations for the safe transport of
radioactive materials, including drop tests onto an unyielding
target to evaluate the packaging response to mechanical tests
demonstrating the safety under accident conditions. The ori-
entation of the packaging, i.e. point and angle of impact in
the drop test must be chosen in a manner that maximum
damage occurs with regard to the safety criteria. The safety
criteria are the leak tightness of the lid closure system, the
integrity of the container body, and the undercriticality of
the containment. For most packagings the worst case is not
a single event, represented by one drop test. Rather, most
packaging drop tests consist of a series of tests at various
orientations, including horizontal, vertical, corner, and
oblique drops.

In Mike Krzaniak's paper, he explores the evolution of
the Type C regulations, from the restriction of plutonium
shipments by air to the expansion of all radioactive materials.
It evaluates the effect of these regulations on the shipment of
high activity Co-60 sources, used primarily for medical ster-
ilization. It also describes the practical problems in designing
heavy transport packages to Type C requirements, routing,
and transport considerations. The additional possibility of
shipping greater quantities requires low-dispersible material
in Type B packages by air is considered. Finally, accident
consequences are explored and cost benefit analyses are pre-
sented comparing the relative safety of Type A, Type B, and
Type C shipments of Co-60 by air.

The complete proceedings for PATRAM 2001 are available
from INMM Headquarters at inmm@inmm.org or from
http://www.patram. org.
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Demonstrative Rupture Test and Safety
Evaluation of a Natural UF6 Transport

Cylinder at High Temperature

K. Shirai, M. Wataru, and T. Saegusa
Central Research Institute of Electric Power Industry (CRIEPI)

Chiba-ken, Japan

Abstract
If a natural uranium hexafluoride (UF6) transport container is
involved in a fire test condition as described in the new
requirements from the International Atomic Energy Agency
(IAEA), packaged UF6 can easily be transformed from solid
phase to liquid or gas phase at a comparatively low temper-
ature, and can cause an inner pressure increase. Therefore, it
is very important to evaluate the thermal-mechanical char-
acteristics of UF6 transport containers under realistic fire
conditions. Rupture tests with the 48Y-cylinders were
performed in the joint research works (PEECHEURE
Program) between Central Research Institute of Electric
Power Industry (CRIEPI, Japan) and Nuclear Protection and
Safety Institute (IPSN, France).1 This type of cylinder seems
to be deformed and ruptured near the stiffener ring due to
creep deformation.

A series of material tests on small-scale specimens of the
container material were performed to propose creep defor-
mation formula and a rupture criterion. To assess the rupture
possibility of the container, this proposed nonlinear creep
material model was applied to the ABAQUS code and the
numerical analysis was performed and compared with the
rupture test results. Finally, according to the thermal-
mechanical analysis for 48Y-clinders with the Japanese heat
protection system, it can be concluded that this natural UF6

transport system has enough safety margin for the new
IAEA fire test requirement.

Introduction
UF6, the raw material from which the fuel for nuclear power
stations is obtained, is stored and transported in solid state in
industrial containers called 48Y-cylinder. In 1996, IAEA
revised the transport regulations for natural UF6 transporta-
tion taking into account chemical and radiological hazards.
A new fire test requirement (engulfing fuel fire of 800°C for
half an hour, for a steel emissiviry of 0.8 and flame emissivity

of 0.9) was imposed on this type of container. When the UF6

transport container is involved in a fire, packaged UF6 can
easily be transformed from solid phase to liquid or gas phase
at a comparatively low temperature, and can cause an inner
pressure increase. The structural strength of the cylinder
material (ASTM SA516 carbon steel for moderate- and low-
temperature service) also decreases with increasing temper-
ature.2 Therefore, it is very important to evaluate the thermal-
mechanical behavior of UF6 cylinders under realistic fire
conditions, especially the possibility of rupture of the cylinder.

Thermal-Hydraulic Analysis for IAEA Regulation
The UF6 is a colorless solid at ambient temperature. The
specific characteristics of the thermal behavior of UF6 are
its low temperature triple point (0.15 MPa, 64°C), phase
change and volume expansion. If the fire test is imposed on
the 48Y-cylinder, a very complicated heat transfer including
boiling phenomena as shown in Figure 1 takes place.
Commissariat A 1'Energie Atomique (CEA) carried out sev-
eral thermal-hydraulic numerical analyses and interpreta-
tions of physical phenomena of the 48Y-cylinder under the
new fire test condition from the IAEA regulation revised in
1996 with the DIBONA-2D computer code.3 This code was
developed according to the acknowledgements obtained in
the experimental joint research works (TENERIFE
Program) performed by CRIEPI and IPSN from 1991 to
1996," and can consider the specific physical phenomena as
shown in Figure 1, such as expansion due to the density dif-
ference between solid and liquid UF6, heat transfer during
boiling, condensation of the vapor bubbles, equation of
state of UF6, and melting and sinking of solid. Figure 2
shows an example of the numerical results. It seems that a
very complicated heat transfer including boiling phenom-
ena will take place and lead to a rapid increase in pressure
in the last ten minutes of the fire test.

Spring 2002 JNMM • 7



Demonstrative Rupture Test with
Full-Scale 48Y-Cylinder
According to the thermal-hydraulic numerical analysis
results with the DIBONA-2D computer code under the fire
test condition described in the IAEA regulation, it seems
that a very complicated heat transfer including boiling phe-
nomena will take place and lead to a rapid increase in pressure
in the last ten minutes of the fire test. The ASME SA516
carbon steel for moderate and lower temperature service is
now used as the structural material for natural UF6 container.
The structural strength of the container material decreases
with increasing temperature. Therefore, it is very important
to assess the safety of natural UF6 transport container under
realistic fire conditions, especially rupture possibility of the
container due to the rapid increase in pressure.

PEECHEUR Program
In PEEHCEUR Program, three rupture tests of the full-scale
48Y-cylinders of different grades were performed to evaluate
the mechanical characteristics under high pressure and at high
temperature. Tablel and Figure 3 show the rupture test param-
eters and conditions. In each test, test containers were
heated after being previously equipped and insulated, and
pressurized with nitrogen until rupture took place. For test A
and B, to simulate the extended regulatory fire test of the
IAEA, a temperature distribution and a rate of pressure rise
with respect to time were controlled in the same range as the
calculated results by DIBONA code. In these tests, the test
containers were filled to 80 percent volume with dry sand. For
test C, to confirm the rupture characteristics at a lower speed
with no thermal gradient, the empty container was uniformly
heated and the internal pressure was gradually increased.

Rupture Test Results
Figure 4 shows the schematic of the test containers after the
tests. According to these test results, this type of cylinder
seems to be deformed and ruptured near the stiffener ring
due to creep deformation. In test A, rupture occurred at a pres-
sure of 52 bar. Large deformations had taken place on the
upper shell and the stiffener had ruptured at the butt-weld,
causing the shell to tear in a longitudinal direction. The width
of the opening was 4cm at the base of the stiffener and 7 cm
at its end, the length of the tear being approximately 20 cm.

Material Test
As ASME SA516 steel is not generally used for high-tem-
perature work, material characteristics had not been avail-
able above 500°C. Tensile tests and creep tests with this
material were executed under high temperature and at high-
stress conditions, and the creep deformation formula and
creep rupture c riteria were proposed.

High Temperature Tensile Test
Tensile tests from room temperature up to 900"C were con-
ducted using several base metal and seam-welded joints of
SA516.2 The strain rate of the test was 5xlO~3min~' and over
0.2 percent proof stress was 6x10~2 min'. Figure 5 shows an
example of the test results. The tensile strength values and
0.2 percent proof stress decrease with increasing tempera-
ture. On the other hand, the values of the reduction area
and elongation increase with increasing temperature. The
position of rupture of seam-welded joints was the base
metal at temperatures from room temperature up to 800°C,
but at 900°C, the rupture position was the weld metal.

Creep Deformation Properties
Short-time uni-axial creep tests and interior pressure creep
tests using cylindrical test pieces were conducted at 600-
900°C and at various stress levels at each temperature (stress
range: 8-45 MPa) by using SA516 Gr.65 base metal, and the
creep constitutive equation had been proposed especially
paying attention to the high temperature service region
beyond 700°C.2 To extrapolate the creep deformation in
lower temperature service region with high stress condition,
additional creep tests were conducted at 550-700°C and at
various stress levels at each temperature (stress range: 15-60
MPa) and modified creep deformation formula are proposed
as follows.
ec=eT + esr (1)

tT2S}} (2)

(3). =exp(0.0592cr)exp(- ^P^ +7.27

=7.262x70'2eAp(0.339o:)e^
T< 723''C

4 =5.124x10" exp(-0.64lff)exp(-^
723°C < 71 < 845°C

(4)

T+273

Table 1. Rupture Test Parameters

Test

A

B*

C

Material

Gr. 60

Gr. 70

Gr. 70

Contents

Dry sand

Empty

Temperature

Lower surface: 200°C

Upper surface: 620°C max.

Constant temperature at 620°C

rupture

52bar

53bar

40bar

Ruptured position

Stiffener root at butt- weld

Stiffener root at clearance hole

Stiffener root at butt- weld

*Butt-welds of the stiffeners were inspected by radiation technique and repaired.

8 • JNMM Spring 2002



where, sc:creep strain (%), er:transition creep strain (%),
^saturated transition creep strain (percent), ^minimum
creep strain rate (%/hour), f:time(hour), crMises stress
(MPa), T:test temperature (°C)

Figure 6 shows the modified relationship between the
test temperature and calculated minimum creep strain rate
with the experimental values.

Creep Rupture Criteria
Interior pressure creep rupture tests using cylindrical test
pieces were also conducted at 600-800 °C and at various
stress levels at each temperature (Mises stress range: 30-
140 MPa) using SA5 16 Gr.65 base metal, and the life-time
formula had been also proposed especially paying attention
to the high temperature service region beyond 700°C.2 To
estimate the lifetime adequately in lower temperature serv-
ice region with high stress condition, additional creep rup-
ture tests were conducted at 550-700 °C and at various stress
levels (stress range:40-140MPa) and modified life-time for-
mulae is proposed based on the Goldhoff-Sherby parameter
method as follows:

log t =
\T+273

-0.00139
0.00657

6.507 (5)

where, tr: rupture time (h).
Figure 7 shows the modified relationship between the

Mises stress and rupture time. To evaluate the possibility of
rupture of the 48Y-cylinder, according to the modified life-
time formula represented by Equation 5, the rupture time
was estimated by Robinson's law method. In this method,
the rupture is assumed to occur when the sum of the creep
damage factor exceeds the threshold value fs as follows:

(6)

where, Dc: creep damage factor, t: time at certain constant
condition, tn: rupture time calculated by equation (5),
fs:safety factor

To determine the safety factor of creep damage fs, creep
rupture tests under varying stress conditions as shown in
Table 2. As the minimum value of Dc was 0.28, the safety
factor of creep damage fs was set to 0.25 for the conservative
estimation of rupture time.

Thermal-Mechanical Behavior of UF6 Cylinder
Verification Analysis for Rupture Test
The modified nonlinear creep material model described
above was applied to the ABAQUS computer code, and the
three-dimensional numerical analysis was executed for the
rupture tests performed by the PECHEEUR Program to
verify this material model. Figure 8 shows the analysis
results for rupture test A. It was found that considerable
creep deformations are generated and the creep damage
factor exceeds the proposed threshold value under the
inner pressure between 4 and 5 MPa. As this finding
is in good agreement with the bursting conditions
obtained by the rupture test, it seems that the evaluation
method proposed in this study will be sufficiently
applicable to the safety analysis of transport of 48Y-cylinder
subjected to high temperature and high pressure.

Mechanical Characteristics of the 48Y-Cylinder
for IAEA Fire Test Requirement
The mechanical integrity of the natural UF6 transport con-
tainer under the IAEA fire test condition was assessed by the
proposed analysis method. The thermal loading for IAEA
requirement consists of transient temperature distribution
and inner pressure applied on the inner surface of the shell,
which follows values obtained in calculations of the
DIBONA-2D code as shown in Figure 2. The additional heat

Table 2. Determination of Safety Factor Fs for Creep Damage Factor

Case

1

2

3

4

5

6

7

8

Temp.

700°C

600»C

700°C

600°C

Applied step-stress

from 40 to 50 MPa

from 50 to 60 MPa

from 115 to 130 MPa

from 125 to 140 MPa

from 40 to 50 MPa

from 50 to 60 MPa

from 115 to 130 MPa

from 125 to 140 MPa

Step time

1.5 hr.

0.40 hr.

0.70 hr.

.027 hr.

1.50hr.

0.40 hr.

0.70 hr.

0.27 hr.

Specimen

Base metal

Welded

Dc

0.38

0.28

2.40

1.74

0.79

0.72

3.28

4.99
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input from the stiffening ring of the cylinder was not taken
into account.
Initial conditions are as follows.

• Initial Temperature: 38 degrees
• Initial Pressure: 0.044MPa for saturated pressure of

UF6 solid at 38 degrees
• Atmospheric Pressure: O.lMPa
• UF6 Dead Load: Modeled by hydraulic pressure on

the inner surface
• Cylinder Dead Load: Mass density is set to 7.85g/cm3

Figure 9 shows the deformation around twenty-seven
minutes thermal loading. As the considerable temperature
difference in the circumferential direction exists near UF6

surface level, highly stressed region (Mises stress exceeds
ISOMpa) is occurred and the maximum equivalent creep
strain is reached to 40 percent. It is found that creep damage
factor also exceeded 0.25. As a result, due to the consider-
able creep deformations, rupture possibility of the natural
UF6 transport container in the IAEA fire test condition will
be possibly high without thermal insulation system.

Safety Analysis of Insulated 48Y-Cyliner Under
IAEA Conditions
In Japan, 48Y-cylinders are transported with the heat protect
system considering the hypothetical fire conditions as
shown in Figure 10. To evaluate the safety of insulated trans-
port container for natural UF6 with the Japanese heat-pro-
tective covers, the thermal-mechanical analysis was per-
formed with ABAQUS code considering the fire test condi-
tion specified by the IAEA regulation in 1996.

Figure 11 shows the time histories of the steel, valve and
internal pressure. Maximum temperature of the container and
the internal pressure are 584°C and 0.4MPa, respectively.
Moreover, as maximum temperature of the filling valve is
below 200°C, the leakage of UF6 can be avoidable. Figure 12
shows the distribution of the equivalent creep strain at the thirty
minutes thermal loading. Only 0.02 percent creep strain is
occurred. Finally it can be concluded that the natural UF6

transport container with the Japanese heat cover system has
enough safety margin for the IAEA fire test requirement.

Summary
IAEA, in accordance with the revision of the regulation in
1996, established regulations for UF6 transportation taking
into account chemical hazards. The fire test (800°C for thirty
minutes) became a requirement for the natural UF6 transport
container. CRIEPI and IPSN had already terminated the first
joint research work (TENERIFE Program) to make clear the
thermal-physical behavior of UF6 in a transport container
under fire condition and confirmed the occurrence of the
rapid increase in interior pressure. On the other hand, ASTM
SA516 carbon steel for moderate—and low-temperature
service is now used as the structural material for this type of

cylinder. As the structural strength of the cylinder material
decreases and creep effect does not also become negligible
with increasing temperature, it is very important to evaluate
the thermal-mechanical behavior of UF6 cylinder under fire
condition, especially the possibility of rupture of the cylinder.
Therefore, CRIEPI and IPSN performed the rupture test
with the large-scale container in the second joint research
work (PEECHEUR Program) to clarify the mechanical
characteristics of the container under high pressure at high
temperature. Moreover, according to the various material
tests with ASTM SA516 carbon steel at high temperature
performed by CRIEPI, the formulation of the material model
considering the creep effect and rupture criteria were pro-
posed, and this constitutive model was applied to ABAQUS
code. According to the numerical results, the mechanical phe-
nomena of the cylinder under the IAEA fire test requirement
was investigated and the safety margin for the rupture of the
insulated 48Y-cylinder was verified.
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Managing Transportation Quality:
The Whole Quality Picture, Not Just

Type B Packaging

Shirley A. O'Rourke
Los Alamos National Laboratory
Los Alamos, New Mexico U.S.A.

Abstract
There has been a long-standing quality program described in
10 CFR Part 71, for Type B packaging. In addition, Title 49
CFR Parts 173.474 and .475 define quality controls for pack-
aging and pre-shipment examination. However, at many
facilities, this is the extent of the quality program. The purpose
of this paper is to discuss other components of an effective
quality program and their role in regulatory compliance.

Introduction
At the onset of the nuclear age, experts realized that the perils
presented by radioactive materials called for a standard for
construction, operation, and qualification of personnel for
nuclear facilities that was more rigorous than anything pre-
viously used. NQA-1 became the standard. While the rigor
of NQA-1 needs to be graded, as a standard, it describes the
infrastructure that should be the basis of an effective quality
program for the packaging and transportation of hazardous
materials. Unfortunately, NQA-1 has been relegated to the
world of Type B packaging and nuclear facilities.

The U.S. Department of Energy promulgated regulations
in 10 CFR Part 830 that require a quality program for all
nuclear activities, including packaging and transportation of
radioactive materials. Virtually the same requirements have
been in place for all activities that affect safety since 1982
(DOE Order 5700.6). Using the NQA-1 standard at least as
a reference can provide guidance in identifying issues that
need to be addressed.

Packaging Program
It is generally agreed upon that the first safety system for
transportation is the packaging. The bottom line is that if the
package doesn't leak, then the physical risk of any hazardous
material has been contained.

The U.S. Department of Transportation has made it clear
that packaging is the responsibility of the shipper; therefore
the shipper (or offerer) must ensure that the packaging quality

program is implemented and that records are maintained in
support of each packaging configuration. Direction from
DOT's enforcement team indicates that regardless of the
manufacturer's markings on a packaging system or compo-
nent, the shipper must have records to validate its use in the
tested configuration. For packagings that do not require
testing, such as those used for limited quantities, the shipper
must still be able to demonstrate that the packaging will
meet the conditions normally incident to transportation even
though those conditions are nowhere defined.

Safety analysis reports for packaging (SARPs) are used
to document the integrity of Type B packages, however no
such direction is available to define documentation require-
ments for packages used for less than Type B quantities or
for other hazardous materials. However, quality assurance
and DOT requirements demand that the shipper be able to
provide evidence that any packaging configuration in use has
been tested or otherwise evaluated against criteria represen-
tative of the normal conditions of transportation.

Type A Packages
Los Alamos National Laboratory has developed a standard
for documentation of Type A packages. Required content of
the data package for each packaging configuration includes:

Design Specification
The design specification contains clear and complete specifi-
cations for the packaging as a whole and for each component
of the packaging. It also includes material requirements,
drawings for each component and the whole, and assembly
drawings and instructions. Evidence of design review by
personnel with the expertise to evaluate the design, other
than those who have been directly associated with the
design, are also included in the design specification package.

Procurement Specification
A whole-package procurement specification must be

14 • JNMM Spring 2002



developed, including quality or other special requirements
applicable to the packaging, such as marking, testing data,
and accompanying documentation. If any parts or components
of the packaging may require replacement or maintenance,
the procurement specification shall include the specification
for each part/component. Maintenance requirements should
be specified to ensure that if a statement of work for main-
tenance activities is generated, it completely describes the
maintenance activities to be performed.

Test Requirements
The test requirements shall be identified and described. The
equipment used and the environment where testing is to be
conducted should also be described. For example, the phys-
ical configuration of a "hard, unyielding surface" for drop
tests should be included. Drawings, pictures, or videotapes
should also be included if available.

Written Summary of the Qualifications of the
Testing Individuals/Organizations
The summary shall include the basis for qualification of
the personnel managing and performing the tests, results
of a review of the test procedures, and verification that the
tests were performed under the control of a documented
quality program. A description of the test procedures,
pass/fail criteria, the records to be maintained following
testing, and a description of the methodology used to doc-
ument pre-or post-test modifications to the packaging shall
also be included.

Description of the Package and its Contents as Tested
The configuration and content, including physical form of
the test media, shall be described. Details, such as loading,
internal packaging, cushioning, blocking and bracing, or
absorbent materials, closure mechanism, and drawings shall
be included.

Results of Testing
A written description of the results of testing shall be com-
pleted. Any defects or potential failure points shall be
identified. Any modifications to the packaging or the test
process made during testing or test preparation shall be
included. Pictures, video tapes, etc. should be included,
when available, to provide visual evidence of the test results.

Written Evaluation of How the Packaging
Meets Regulatory Requirements
A written description, item by item, shall be prepared
describing how the tested packaging configuration meets
each of the package's performance requirements. The
description shall be prepared by a person qualified to evaluate
test results and shall be signed and dated.

Pre-use Inspection Checklist
A pre-use inspection checklist identifying all the salient
characteristics that, if not in the same condition as tested,
could cause package failure. Items, such as nuts or bolts, that
could be inadvertently replaced or switched and that could
be replaced with counterfeit materials, shall be clearly
described so that the user can verify that all parts are as
tested. The checklist should identify any parts or compo-
nents of the packaging that may be subject to degradation
during storage or after repeated use, criteria for accepting or
rejecting surface damage, and parts or components that need
frequent inspection to determine maintenance status.
Components that could easily be damaged during the pack-
aging's assembly or loading should also be identified.

Specification for the Allowable Contents for the Packaging
Although this information may be prescribed in the certifi-
cate, this is a separate document that clearly describes the
content, physical form, chemical form, quantity limits, and
configuration of the package as tested. The only allowable
content and configuration is based solely upon the test
configuration.

Configuration, Loading, and Closure
Instructions for the Packaging
All instructions necessary to ensure that the package contents
are limited to the tested physical form, loaded and cushioned
or braced, internally packaged, and closed as tested shall be
included. Torque values for fasteners shall also be identified.

Maintenance Requirements and Instructions
Requirements for maintenance and any instructions for
maintaining or replacing components shall be described. A
requirement for a written verification by the user that main-
tenance has been successfully completed and that the con-
tainer has been returned to service as originally tested shall
be included. The user shall maintain this written verification
in his/her container records.

Any Additional Information or Instructions
Any additional instructions or requirements of which the
user or a procurement officer should be aware shall be
included.

Certificate of Conformance
A certificate of conformance, similar to that generated by
regulatory agencies, that certifies the packaging's conformance
to requirements is the final document in the data package.
Test requirements that have been met, description of con-
tent, special conditions, communications requirements, etc.,
should be included in the certificate. The certificate shall be
signed by the transportation program manager, or designee,
only after verification that the data package's content is
complete and that all regulatory requirements have been met.
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Limited Quantity Packages
Limited quantity packages do not require testing, however
they must meet the basic packaging requirements of 49 CFR
173.24 and 172.24a. The shipper must be able to demon-
strate that the package will meet the normal conditions of
transportation.

One way in which that may be done is through historical
data. If the shipper maintains comprehensive records regarding
the packaging configuration of each limited quantity package
that has been shipped or transported, these records can support
the shipper's claim. For example, if the shipper can provide
evidence that of 200 shipments of a specific package configu-
ration, there has been no evidence of leakage, then the
assumption can be made that the package has met conditions
of normal transportation. However, if there is no objective
evidence available that clearly describes the configuration of
packages used and their record of usage, then the packaging
should be tested and documented. Test criteria should include
any conditions that might be encountered in transportation.
For example, if it is a package that is being transported within
a limited area, maybe within a facility's boundaries, the testing
should include conditions that simulate the environment, normal
modes of shipment, potential drops from a dock or the bed of
a truck, and normal handling. If the packaging configuration is
to be used for cross-country shipments, then the criteria for
testing should include any conditions that might be encoun-
tered during transport, including weather, climatic conditions,
and any other factors that could reasonably be anticipated. Part
of the data package for a limited quantity package should also
include records from the review performed to determine the
conditions to which the package might be subjected.

In either case, through historical records or through eval-
uation and testing, records shall be maintained on the
integrity of even packagings for limited quantities of
radioactive materials.

Performance test requirements found in 49 CFR Part
178, Subpart M provides some general guidance on testing
that might be performed to evaluate packagings for limited
quantities.

Test requirements for small quantity exceptions for non-
radioactive materials are described in 49CFR Part 173.4.
These might also provide a basis for testing of packagings
for limited quantities of radioactive materials.

Other Quality Requirements for a
Transportation Program
In addition to the controls on packaging, a transportation
quality program must include training. DOT requirements
for training are clear and very basic, however additional
training should be provided regarding specific procedures
and quality assurance program requirements. Workers per-
forming packaging activities must be trained in procedures
developed for each specific packaging configuration.
Training of all kinds must be documented and any recurrent

training requirements must be completed.
Transportation quality programs must also address other

issues that may not be as straightforward as packaging and
training. Process reviews to evaluate and improve proce-
dures/processes are important and provide a methodology to
identify and implement corrective actions where needed.
Using personnel who have no real understanding of the
process gives the opportunity to view it through fresh eyes.
The DOE's Integrated Safety Management (ISM) process
requires evaluation of the results of performing processes, as
required by quality criteria.

Maintenance of records provides the objective evidence
needed to demonstrate compliance with requirements.
Indexing and verifying/validating records completes the
records maintenance program and enables the user to track
and substantiate important data. Records must be controlled
to ensure their completeness and credibility.

The use of a controlled document system to prepare,
review, distribute, and modify documents ensures that each
document is prepared in a consistent manner and that each
user is in possession of the most recent version of the docu-
ment. Reviewers have the opportunity to provide input to
improve the quality of the document and the process.

Work procedures that affect safety should be prepared to
identify hazards, hazard mitigation processes, and condi-
tions for operations. A walk-down of each procedure should
be performed to verify the process and find opportunities for
improvement or to identify deficiencies.

In the design and development of any packaging system,
whether Type B or less than Type B, designs must be devel-
oped, verified, reviewed, and controlled. Design changes
should also be verified and reviewed and the design docu-
mentation for packaging systems in use must be clearly
modified and validated.

Procurement actions for packaging systems and compo-
nents should only include vendors who have been qualified
for the item(s) being procured and whose qualification
status is current. The provision of accurate and complete
specifications, including any quality, documentation, testing,
or certification requirements, is absolutely essential. Vendor
qualification procedures should be developed to allow flexi-
bility in qualifying vendors based on the rigor required for
the items being procured.

Upon receipt, packaging systems and components must
be inspected to a rigor commensurate with the system's
intended use, welds verified, and an inventory taken to
ensure that all required components have been received.
Fasteners or other parts that are subject to counterfeiting
must be inspected. Qualified workers must perform inspec-
tions and documentation must be maintained to provide
objective evidence that inspection and acceptance has been
accomplished. Instrumentation used to inspect packaging
systems, either upon receipt, prior to use, or prior to ship-
ment must be calibrated and documented.
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Finally, transportation and/or line managers must main-
tain an active internal assessment program to ensure that all
requirements continue to be met.

Conclusion
While packaging is the key component to the management of
quality within a transportation program, it is not the only
factor. An effective transportation program must include all

the necessary controls and records to ensure that work is per-
formed by qualified workers, designs are clear, complete, and
controlled, and that items are procured from qualified vendors
according to established specifications and inspected and
documented upon receipt in order to track vendor perform-
ance. With these components in place, the quality of a trans-
portation program can be objectively evaluated with an end
result of transportation excellence.
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Analytical, Numerical, and Experimental
Investigations on the Impact Behavior of

Packagings for the Transport of
Radioactive Material Under

Slap Down Conditions

T. Quercetti, V. Ballheimer, and G. Wieser
Bundesanstalt fur Materialforschung und -priifung (BAM)

Berlin, Germany

Abstract
This paper decribes a methodical way to find critical drop
angles or better a range of drop angles for oblique drops of
packages used for the transport of radioactive materials.

Introduction
Concerning approval design tests, the IAEA regulations for
the safe transport of radioactive materials specify 9m drop
tests onto an unyielding target to evaluate the packaging
response to mechanical tests demonstrating the safety under
accident conditions. The orientation of the packaging, i.e.
point and angle of impact in the drop test, must be chosen in
a manner so that maximum damage occurs with regard to
the safety criteria. The safety criteria are in particular the
leak tightness of the lid closure system, the integrity of the
containment components (body, lids, lid screws), and the
subcriticality of the fissile contents. For most packages, the
worst case is not a single event, represented by one drop test.
The worst case for the safety criteria integrity of the con-
tainer body must not be automatically the worst case for the
criteria of leak tightness, etc. For this reason most package
drop tests may consist of a series of tests at various orienta-
tions so that every safety relevant component suffers maxi-
mum damage. Possible orientations are the horizontal, the
vertical, the corner, and the oblique drop.

The oblique drop, subject of this paper, does not impact
the target with the container center of gravity directly above
the point of impact like in a corner drop, so that after a pri-
mary impact of one container head, the container is set into
rotation. This causes a second impact onto the other end of
the container with an impact velocity possibly much higher
than the velocity reached from the free drop of 9 meters.

In order to evaluate the different safety criteria, one of
the difficulties is to evaluate the effects of slap down impacts
depending on the chosen angle. To solve this problem, BAM
had undertaken an analytical analysis of the slap down kine-
matics. We assumed that the package behaves like a rigid
body, and looked at four borderline cases of impact condi-
tions, an ideal elastic or plastic impact, with friction (per-
fectly rough impact) or without friction (perfectly smooth
impact) between container and target during primary impact.
In two cases we didn't find closed analytical formulas but got
numerical solutions using the software program MATHE-
MATICA. The derivation of our solutions for the different
borderline cases were discussed in detail in the next chapter.
After that we will present our finite element calculations and
some experimental results with the aim to check our analytical
solutions. Based on these analyses we are able now to define
much more precisely the worst-case drop angle that should
be used to get high-structure loading in a real drop test or in
a numerical three-dimensional drop simulation.

Analytical Model
The analytical model describes the impact of an uniform
rigid rod of length /, mass m, and moment of inertia about
the mass center S of 6S = (ml2)/72 on a rigid, horizontal
plane, as shown in Figure 1. The x-axis is chosen tangential,
the z-axis normal to the contact surface in the contact point
L. It is presupposed, that the model copies in a good estima-
tion the rigid body characteristic of a real container (See
Experimental Results).

The rod impacts at first the rigid target with its left end L
under the impact angle 90 with the velocity vs-{xs, z, }•
After this impact the mass center S has the final linear velocity
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vs ={is, z s } and the final angular velocity u>2. Further the rod
executes a plane motion in the gravity field, described with the
velocity of mass center S vs(f)={xs, zs} and the angular velocity
(o(t) about S since it impacts a second time with its right end
R. This second impact is the so-called slap-down impact.

During the primary impact, at the time t=t0 the principle
of linear and angular momentum provides the relations

(1)

(2)

(3)-<o0) =/ x, -/ zs =/,

where Ix is the normal and /the tangential impulse, produced
by the collision ([1], [2]). The initial conditions for an IAEA
9 m drop at time t=t0 are

where v0 is the initial impact velocity and oo0 the initial angu-
lar velocity.

The velocity VL = {XL, zL}of the rod's left end L is given
in general form, with 10 - <p by the equations

L = XS- u>zs=xs- ; 4=4+

(4)

Using the coefficient of restitution k as defined in [3], as
ratio of final to initial normal velocity in point L, this com-
ponent of the velocity after the first impact can be expressed
by the formula

' ZV (5)

where 40 is the z-component of the velocity of point L before
the first impact and 42 after the first impact, at time t = t2.
The coefficient of restitution k describes the degree of plas-
ticity of the collision. The impact is perfectly plastic for k = 0,
partially elastic for 0 < k < 1 and perfectly elastic for k = 1.

The normal velocity of mass center z^ at time t = tv

using equation (4) and (5) is now given by

If the impact is frictionless — perfectly smooth1 — the
impulse has only a z - component /, , the horizontal compo-
nent is zero

so that no change in the horizontal velocity of the center
mass occurs

x =x = 0

which means that it moves only in vertical direction, as
shown in Figure 2.

If the impact is perfectly rough1 (Figure 3), the impulse
consists of a z - component / and a horizontal Ix , no motion
in horizontal direction can occur for point L during and after
impact:

x^ =0=> (4) => ̂  = o>2 Y sin<p0.

The final angular velocity co2 and linear velocity vs of
mass center S solving the equations (1) to (5) are summa-
rized in Table 1.

After the first impact the motion of the rod can be
described by a translatory motion of the mass center while
rotating about its center of mass in the field of gravity. The
gravity force is the only working outer force during executing
a plane motion. In the case of rebounding of the rod end L
(restitution coefficient k > 0), the time at which second
impact (slap down) occurs is defined by the condition for the
z - coordinate of the right end R with

=0 (6)

where rt= tt-t2 is the time period between first and second
impact and ZR is the z-coordinate of the right end R.
Equation 6 was solved numerically using the meathod in ref-
erence 3. The final linear slap down velocity of the right rod
end R VR (?H,)=(iR , ZR }, the mass center S vs (tt~)={xs , zs },
and the final angular velocity o>t are summarized in Table 2.

In the case of no rebound (k = 0) the angular velocity can
be calculated directly with the law of conservation of energy
after e.g. reference 2.

Results from Analytical Calculation
The equations governing the linear and angular velocity of
the slap-down impact end R, were evaluated for the border-
lines perfectly smooth impact and perfectly rough impact
each with k = 0 and k = 1 (see Table 1). The numerical cal-
culation was carried out with an initial velocity v0 of 13.3
m/s resulting from a 9m drop and a rod length 1 of 4,750

Table 1. Final Angular and Linear Velocities
After First Impact

*
•\

Zs

Perfectly Rough Impact

3HfW%

3(1 +k)
4 "

[£ 3(l+k) COS2 ~\
4 " » v «

Perfectly Smooth Impact

6(l+fc) vco/Ocos2<p0+rr^S*Po

0

(3cos2<p0+ l)
^0
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mm varying the impact angle.
The length is related to a cask for transport of fresh fuels,

ANF-10, with that BAM had carried out a 9m drop test with
an impact angle of 15 degrees5. The variation of lengths
between 2m and 6m didn't show significant differences in
kinematic results, so that the presented results for 1 = 4750
mm are representative for the mentioned range.

Figures 4 and 5 show the magnitude I vR*(X) I (in the fol-
lowing text vRt) the horizontal component xRf and vertical
component zRt of the slap-down velocity of end R for smooth
and rough impact depending on impact angle. From reason
of presentation, the velocity components in the figures 4 and
5 are shown as absolute values. But the direction can easily
be seen in figures 2 and 3.

The case of a smooth and perfectly elastic impact causes
naturally a much higher VR, than a perfectly plastic impact
(Figure 4) and for both cases a significantly higher velocity
than the initial velocity 13.3 m/s resulting from the 9m drop
height. In a wide range between 5° and 45° VR, for k = 0 and
k = 1 isn't much changing.

The rough impact (Figure 5) shows a relatively sharp
decline of VR« for k = 1 and an increasing impact angle. For
k = 0 VR, has up to 25° only a slight decrease in magnitude
and then for angles greater 25° the decrease becomes gets
significant.

Regarding the results of the four borderlines, the com-
parison between the velocities (Figure 7) shows that the
perfectly elastic, smooth impact yields the highest impact
velocity. The maximum velocity isn't much changing in
a wide band of impact angle except for the rough impact
with k=l.

Figure 8 shows the ratio of final to initial kinetic energy

depending from impact angle. In the case of impacts with k
= I and impact angles up to nearly 40 degrees, the ratio is in
a range between 1 and 1.05. The reason is, that the second
impact has additional energy from the rotation of mass cen-
ter S from its elevated position. Also we see that as well in a
perfectly plastic impact (k = 0) and impact angles up to 30
degrees the kinetic energy remained for slap down is 70 per-
cent to 80 percent of the initial kinetic energy.

Finite Element Calculation
The finite element (FE) calculation was used to check
our analytical models and for further investigations in the
structure dynamics of slap-down impacts.5 The calculations
by varying the impact angle were carried out with
ABAQUS/EXPLICIT6.

Corresponding to the analytical model the rod in the FE
calculation was defined as RIGID BODY6 (modelled by
HEX8 elements) with a length of 4,750 mm. The target was
modelled as rigid. Due to the rigid body definition only the
perfect elastic smooth and rough impacts could be simulated
directly. The results show a very good conformity with those
obtained from the analytical model. Figure 9 shows for
example the slap down velocities for the smooth impact in
comparison between FE calculation and analytical calcula-
tion. The small difference between the curves is caused by
the cross-section of 10 mm x 10 mm used for the rod in the
FE calculation. A cross-section going to zero would match
the thin rod in the analytical model and would cause two
identical curves.

Other cross-sections used in the FE calculation such as
500 mm x 600 mm, according to the outer dimensions of the
container ANF-107 showed little differences in results up to

Table 2: Equations Governing the Linear and Angular Velocity at Time t* of the Slap-Down Impact.

Rough/Smooth Impact Rough Impact Smooth Impact

0 0

-to, -co,

*
0

-CU./

20 • JNMM Spring 2002



Table 3. Cask drop from a height of 9m. Impact angle 15 degrees. Comparison between experimental and analytical results.

Name

ESBB

ANF-10

ANF-18

CASTOR
VHLW

Cask

Geometry

/ = 4538 mm; 0 150 mm

/ = 4725 mm; 0 667 mm x 565mm

/ = 5512 mm; Q 960 mm x 792 mm

/ = 4486 mm; 0 1156mm

Experimental Results

Mass m

315kg

1429 kg

4466 kg

20950 kg

Slap-down
velocity

( =25 m/s

( =23 m/s

( =21-24 m/s

( =20 m/s

Analytical Results

Qualitative
specification

of first impact

rebound; k > 0

rebound; k > 0

rebound; k > 0

k->0

Slap-down
velocity

rough, k = 1 : 25 m/s

rough, k = 1 : 25 m/s

rough, k = 1 : 25 m/s

rough, k - 0: 20 m/s

a 40 degree impact angle. Beyond 40 degrees the decrease
is higher.

Comparison Between Experimental and
Analytical Results
The experimental data to compare with calculations is
obtained from drop tests with various casks onto a rigid tar-
get from a height of 9m. The impact angle in each drop was
15°. The casks considered have lengths between 4,500 mm
and 5,500 mm and masses between 315 kg and 20,950 kg.
The cross-section dimensions are small in relation to their
length.

Figure 10, for example, shows a CASTOR VHLW
equipped with shock absorbers after the 9m declined
drop test. The shock absorber on the end that hits first is
less damaged then the opposite end slapped down on the
impact target.

The other drop tests we compared were performed
with different types of new package designs for the trans-
port of fresh fuel called ESBB, ANF-10 and ANF-18. The
design of the packages and the drop tests are described in
Figures 7, 8, and 9.

The sequence of a typical slap down impact is shown
in Figure 11 at the example ANF-18. The package was
dropped from a height of 9m in a 15° declined position. In
Figure 12 we see the corresponding and, in principle for the
most slap-down impacts, typical accelerometer signals of
the package first end and slap-down end. The according
velocity-time curves, obtained by integration are shown in
Figure 13. The container end that hits first the target was
decelerated during a few milliseconds from the initial veloc-
ity 13 m/s to zero and remains in contact with the target,
while the opposite end accelerates from initially 13 m/s to
21 m/s in a time period of 10 milliseconds. After 60 ms at
time t = 70 ms the cask's opposite end hits with nearly 24
m/s in a slap-down impact the target.

The drop tests showed that sliding between the end of the
cask hitting first does not occur during the impact (see also
Figure 10). The impacts are rough. If the impact were
frictionless (smooth impact) the first end would slip out

under the falling cask and the cask would rotate about its
center of mass (see Figure 2). Therefore the analytical
results for the smooth impact have a more theoretical value.
However the equations for the rough impact with 0 < k < 1
are a suitable tool to describe in a good estimation the kine-
matic of the package in a real drop test situation.

The slap-down velocities of various packages taken from
deceleration measurements in 9m and 15° inclined drop tests
are compared with the analytical results in Table 3.

The first impact caused a clear rebound of the first three
packagings so that, for the comparison, k is set to 1 in the
analytic calculation. For the CASTOR VHLW cask with its
impact limiter k is set to 0. The theoretical and measured
slap-down velocities are close together.

Summary
This paper describes a methodical way to find critical drop
angles or better a range of drop angles for oblique drops of
a packaging used for the transport of radioactive materials.
In a first step the packaging is idealised as a rigid body
which can have four different borderline cases of impact
contact conditions (ideal elastic or ideal plastic impact, with
or without friction between container and target during pri-
mary impact). This analytical model has the benefit that
parameter studies can be done easily, i.e. by changing the
degree of plasticity of the collision using the coefficient of
restitution k. Knowledge about the size of the contact force
or the impact time is not necessary. Secondly, it is important
to know the total amount of kinetic energy remained in the
packaging shortly before the second impact happened. Both
information, the range of useful drop angles and the remain-
ing kinetic energy for the second impact, are important for a
well-founded choice of a test drop angle or for doing a large-
scaled three-dimensional numerical analysis of the structure
loading in case of a slap-down event.
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Figure 1. Impact of a rigid bar onto a
rigid horizontal plane
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Figure 4. Perfectly smooth impact. Calculated velocity
components and magnitude of the slap-down impact

for a rod with length 4,750 mm
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Figure 5. Perfectly rough impact. Calculated velocity
components and magnitude of the slap-down impact

for a rod with length 4,750 mm
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impact. Magnitudes of the slap-down velocities
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Figure 10. A CASTOR VHLW cask after the 15°
declined, 9m drop test onto a rigid target. In the
foreground the higher damaged shock absorber

caused by slap-down impact.

a) Free Fall b) First Impact c) Slap-Down Impact

Figure 11. ANF-18. 9m and 15° declined drop test
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Abstract
High-activity Cobalt 60 sealed sources are used by the
gamma processing industry for the sterilization of medical
disposables. Typical shipments to industrial irradiators
include PBq quantities of Cobalt 60. The implementation of
the Type C requirements for air shipment has made ship-
ments of typical quantities impractical. A case study is
presented showing costs of compliance with these new
requirements to be millions of dollars. Examples are also
provided showing the importance of the air shipment. It is
concluded that the benefits associated with this change in
regulations have not been demonstrated and are outweighed
by costs and other practical considerations.

Introduction
The gamma processing industry requires a reliable supply of
high-activity Cobalt 60 sealed sources. Large industrial irra-
diators often contain PBq quantities of Cobalt 60. Medical
disposables are the main products sterilized using gamma
radiation. These are used in operating suites, hospitals, clinics,
and other such applications.

The introduction of the International Atomic Energy
Agency (IAEA) Safety Standards Series Regulations No.
TS-R-1 (ST-1 Revised), Regulations for the Safe Transport
of Radioactive Material 1996 Edition (Revised)1 in January
2001 introduced the new Type C package category for the
transport of large quantities of radioactive material by air.
This new package category was incorporated into the
International Civil Aviation Organization (ICAO) Technical
Instructions for the Safe Transport of Dangerous Goods by
Air2 and the International Air Transport Association (IATA)
Dangerous Goods Regulations.3 IATA implemented the pro-
visions and requirements set in the IAEA's TS-R-1 regula-
tions on July 1, 2001. The implementation of these regula-
tions has made the air transport of these sources impractical.

This paper explores the Type C requirements and their

applicability to the shipment of high-activity sealed sources.
It discusses the evolution of the requirements, addresses
how one might design a Type C package for Cobalt 60, and
assesses the issues and alternatives associated with the
change in regulations. It also describes some practical prob-
lems associated with marine and road transport for these
types of packages.

The Type C Requirements
Paragraph 416 of the IAEA TS-R-1 states, "Type B(U) and
Type B(M) packages, if transported by air, shall meet the
requirements of paragraph 415 and shall not contain activi-
ties greater than the following:

a) for low dispersible radioactive material — as author-
ized for the package design as specified in the certifi-
cate of approval,

b) for special form radioactive material — 3000 Al or
100 000 A2, whichever is the lower; or

c) for all other radioactive material — 3000 A2."
Table I of the regulations1 indicates that, for Cobalt 60,

the Al and A2 values are 400 GBq. Therefore the maximum
activity for a Type B(U) package transported by air is 1,200
TBq.

Typical shipments of high-activity Cobalt 60 sources
include packages loaded to 7.4 PBq. Typical irradiator
sources have an activity of 370 TBq. Therefore, Type B(U)
packages shipped by air are now limited to about three
radioactive sources per package with a total package activity
of about one-sixth of current package capacity.

Evolution of the Type C Package
During the revision cycle for the IAEA Regulations ST-1 for
the Safe Transport of Radioactive Material it was suggested
that additional performance criteria be added to the packages
for shipment of plutonium by air. These additional require-
ments were initially based on the U.S. Nuclear Regulatory
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39 88 in [1013 mm

Figure 1. F-168 transport package

Commission (USNRC) 10 CFR 71.64 and 10 CFR 71.74
requirements for shipment of plutonium. Through discus-
sions based on the hazards of various radionuclides, it was
then determined that these additional requirements for air
transport of plutonium should be extended to all other
radionuclides. Subsequent meetings developed the Type C
performance criteria.

At the final technical committee meeting for the ST-1
Regulations held in Vienna, it was felt by most member
states that the new Type C package requirements would
only affect a handful of shipments and mostly plutonium
shipments.

Following the creation of the Type C package category
the fuel cycle industry indicated that the material that they
were shipping was so nondispersible that it would not
require the additional safety requirements prescribed for
Type C packages. The proposed regulations were modified
to allow higher activities to be shipped in the current package
design if the contents met the requirements for low-
dispersable radioactive material (LDRM).

Cobalt 60 Transport Packages
Figure 1 shows a typical transport package. The MDS
Nordion F-168 package design is commonly used for ship-
ments of up to 7.4 PBq of Cobalt 60. The contents are nor-
mally special form radioactive material sealed sources, with
activities of approximately 370 TBq. The sources meet the
ISO 2919 performance classification, E65646, and are
secured in a cavity. The cavity is approximately 160 mm in
diameter and 500 mm in height. Shielding consists of approx-
imately 270 mm of lead.

The main shield is surrounded by fins that dissipate heat
during the normal conditions of transport and also provide
impact protection during the Type B(U) mechanical tests.
The fins are surrounded by a fireshield that protects the
shielding and contents during the Type B(U) thermal test.

This package design has been in use for many years.
MDS Nordion has shipped approximately 70,000 sealed
sources and over 500 million curies (20,000 PBq) of Cobalt
60 have been shipped safely throughout the world. There
have been no incidents resulting in the loss of shielding or
containment in over forty years.

Building a Type C Package
The useful life of a Cobalt 60 source can exceed twenty
years and the large installed base of Cobalt 60 sources
makes it necessary to maintain existing or greater package
cavity dimensions. Lead is the preferred material for shielding
because of its relatively low cost, ease of installation, and
other operational properties. The gamma processing industry
operations are best suited to package capacities of 200 kCi
or greater. These constraints fix the external dimensions of
the shield. The design of the impact and thermal protection
is the remaining challenge.

The most significant challenges related to the design of a
Type C package are the requirements to survive the impact
and enhanced thermal tests. Many approaches to the design
of impact limiters have been successfully applied to Type
B(U) packages. For this case study, the concept of extending
the fins was explored. However, the arguments presented are
equally applicable to other impact limiter designs.

The Type C impact test requires the dissipation of about

Figure 2. Typical fin deformation
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fifty times more energy than the Type B(U) mechanical test.
Normally, the plastic deformation of the metal impact lim-
iters is calculated to establish the amount of impact protection
required. For this example, a highly simplified approach is
used. An average compressive strength of the cushion is
assumed and the size of the cushion required to absorb the
Type C impact energy is calculated.

Typically, metal fins are used as impact protection in
these kinds of package designs. Fins are about 100 mm in
length. Under drop test conditions, the fins deform as shown
in Figure 2. Let us assume that the deformation is half the
fin height, or 50 mm.

The energy absorbed in the cushion is equal to the product
of its average compressive strength and the crushed volume.
For a typical 5500 kg package, the 9m drop test requires the
absorption about 500,000 Nm of energy. In an upright drop
orientation, the area of a typical crush front is about 0.75 m2.
Thus, if the observed crush is 50 mm, the average compres-
sive strength of the impact protection must be about 13 MPa.

Since fifty times more impact energy must be absorbed,
modifications to the fins are required. Let us assume that
improved materials, thicker fins, and other improvements in
geometry enable the average compressive strength to be
increased by a factor of seven to 90 MPa. Unfortunately, this
also increases the inertial load to the package by a factor of
seven, resulting in higher inertial loads during the accident
conditions of transport.

Since we have increased the required energy absorption
by a factor of fifty, and increased the crush strength by a
factor of seven, the new crush depth will be 50 mm*50/7 =
350 mm. Allowing 50 mm for bottom out, yields a fin height
of 400 mm.

Applying similar calculations to the remaining drop ori-
entations would likely increase the required height of the fin.
However, for this example, let us assume 400 mm of impact
protection is required in all orientations.

Given a cavity 166 mm in diameter and 500 mm high,
270 mm of shielding and 400 mm of fin, the resulting
external package dimensions would be 1,500 mm diameter
x 1,840 mm. These dimensions are incompatible with
many existing irradiator facilities and handling techniques.
They also add 1,000 kg, or about 20 percent, to the weight
of the package.

In addition to these structural modifications, changes
must also be made to the thermal protection as the enhanced
fire test is twice as long as the Type B(U) fire test. Insulation
cannot be installed between the impact protection and the
radiation shield because of the heat generated by the con-
tents. 7.4 PBq of Cobalt 60 generates in excess of 3,000 W.
Too much insulation would cause the shielding around the
cavity to melt due to the heat of the contents. This limits
placement of insulation to the outside of the impact protection.
There is a delicate balance to be maintained. The high heat
output of the sources combined with the enhanced fire test

duration makes the design of the thermal protection a sig-
nificant challenge. It is not clear if this could be achieved, or
if a successful design could be licensed.

In order to resolve this problem, alternative materials
could be used for shielding. Tungsten and depleted uranium
are obvious candidates. Unfortunately their costs and char-
acteristics make them impractical for this package design.
These materials would decrease the external dimensions of
the package and therefore decrease the amount of energy
that needs to be absorbed during the impact test. However,
the corresponding decrease in weight would be far less than
the fifty-fold increase in impact energy.

It is estimated that the cost of designing a new Type C
package for 7.4 PBq of Cobalt 60, the manufacture of pro-
totypes, full scale testing, licensing and the manufacture of
a fleet of packages would be approximately $2 million. As a
relatively small number of packages are transported by air,
the return associated with this investment would not merit
the cost.

Other Options
MDS Nordion is committed to servicing the gamma pro-
cessing industry. Since designing a Type C package for
Cobalt 60 is not practical, other means must be considered
to service the sterilization industry. These include qualifying
the Cobalt 60 as LDRM, shipping Type C quantities by air
using multiple Type B(U) packages and obtaining special
arrangements for transport.

LDRM for Cobalt 60
Although it is possible to manufacture a source that would
meet the test requirements for low dispersible radioactive
material, section 605 (a) of the IAEA TS-R-1 regulations1

limits the radiation level at 3m from the unshielded radioac-
tive material, to 10 mSv/h. Assuming a typical activity of
370 TBq, the radiation level at 3 meters would be 15 Sv/h,
which greatly exceeds the 10 mSv/h limit. Therefore, the
high radiation level from the sealed source makes it impos-
sible to certify it as low dispersible radioactive material.
Hence, this option is not applicable.

Multiple Type B(U)-85 Packages
Shipment by air of Cobalt 60 in quantities not exceeding
1,200 TBq (32400 Ci), can be performed using a Type B(U)-
85 package transporting three to four sealed irradiator
sources. For the typical 7.4 PBq shipment, six Type B(U)-85
packages would be required. Although six F-168 packages
can be transported in a Boeing 747, a typical plane would
load less than six and would necessitate separating the ship-
ment into two or more planes.

Neglecting the cost of purchasing five additional packages
the average cost of shipping a single F-168 by air is $30,000.
Hence, shipping six F-168 containers by air would represent
an additional $150,000 per single shipment. For the average
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of ten shipments per year, the annual increase in cost is
almost $1.5 million.

From a practical perspective, this option would not
affect the risk associated with the shipment. The risk of an
activity is determined by multiplying the consequence by
the probability of the event happening. Assuming that all
six Type B(U) packages are transported on the same plane
the probability of an accident has not changed. Since the
total activity has been divided into six smaller quantities
per package, the potential consequence of an accident has
changed marginally. Therefore, the increased shipment cost
has not decreased the risk associated with the air transport
of 7.4 PBq of Cobalt 60.

Special Arrangements under the IAEA
and IATA Regulations
For shipments that do not satisfy all the applicable
requirements of the IAEA regulations a special arrange-
ment certificate can be obtained. A similar provision for
exemption from the regulations is found in the Section
1.2.5 of the IATA regulations.3 An exemption to the regu-
lations is only granted in cases of extreme urgency or
when other forms of transport are inappropriate or full
compliance with the prescribed requirements is contrary
to the public interest. The exemption must be granted by
the states concerned including points of origin, transit,
overflight, and destination.

Special arrangement certificates typically have been
issued by competent authorities for the return of spent
sources or other radioactive materials, which, if left in the
current environment, would present a greater hazard to the
environment and public health. Although the return of spent
sources would qualify, it is unlikely that a special arrange-
ment certificate would be issued to allow for a commercial
shipment of new sources. In addition, a special arrangement
certificate requires approval from all competent authorities
affected by the transport.

It is foreseeable for a competent authority without an
interest in the shipment to disallow transit or overflight.
Furthermore, significant delays can be expected if multiple
special arrangement certificates are required in multiple
jurisdictions.

Logistics Issues with Marine and Road Transport
In recent years, MDS Nordion has made approximately ten
shipments annually by air. By removing the air transport
route, shipments outside Canada and the United States must
now be done by marine transport. This becomes challenging
as very few shipping lines accept radioactive material. The
transport of large Type B(U) packages represent less than 1
percent of a shipping line business and incurs a large regu-
latory and insurance burden. Some shipping lines do not
accept Class 7 goods.

Many airlines routinely transport radioactive material.

The short half lives of many medical isotopes require them
to be shipped by air. Volumes are also high. As a result, air
carriers are familiar with the transport of Class 7 goods and
have developed the infrastructure to support them.

In addition to the shipping line restrictions, regulatory
approval may be required for Type B(U)-85 packages that
transit through various ports and countries enroute to the
final destination. This regulatory burden further hinders the
efficient transport of packages.

Very few shipping lines will transport radioactive
material, consequently there are countries that are there-
fore not serviced by any shipping lines. Consider the fol-
lowing examples:

1. There are currently no shipping lines that will allow
the transport of radioactive material into a Mexican
port. In addition, Mexico will not allow U.S. road
carriers into Mexico and the United States will not
allow Mexican carriers into the United States. As a
result, the transport packages have to be transferred
from a U.S. trailer to a Mexican trailer at the border
or the trailer has to be hitched to a Mexican tractor at
the border. Air transport easily resolves this issue.

2. There are no shipping lines that will transport Class 7
goods into the Mediterranean Sea. Therefore trans-
port of Cobalt 60 to countries such as Italy is through
other European ports and by road across Europe.

3. Today there is only one shipping line and one vessel
that will transport radioactive material between
South America and North America. This vessel tran-
sits from South America to North America every
month. Typically the vessel is in port for less than
forty-eight hours. Therefore the logistic issues
involved with the delivery to the port are critical.
Often, in addition to the regular shipment notifica-
tion required by the regulations,1 some countries also
require the Canadian B(U) Certificate to be endorsed
by a national competent authority, or require special
permission to transit through a port. Air shipments
would allow these countries to be bypassed.

4. Marine shipments may also be at risk due to com-
mercial changes. In a similar example, a shipping line
that accepted radioactive materials for direct trans-
port between South America and North America was
purchased by another shipping line that did not
accept radioactive material. As a result of the acqui-
sition, it became impossible to directly ship between
South America and North America. The only means
of transporting Class 7 goods was by first shipping
the Cobalt 60 to Europe and then back to Canada.
This has not only added to the cost of the shipment
but has also increased the transit time considerably.
In addition, since the transport package is now tran-
siting through Europe, an ADR5 approval of the 1985
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type B(U) package certificate was required.
5. In certain countries where marine transport is possible

the road infrastructure is not adequate to allow the
transport by road of Cobalt 60 from the port to the
irradiator facility. Shipment weights often exceed the
capacity of the roads. This makes delivery and
retrieval of Cobalt 60 from certain locations
extremely challenging.

Conclusion
Since the implementation of the Type C requirement in the
IATA and ICAO regulations on July 1, 2001, MDS Nordion
has not been required to ship to areas where air transport is the
only shipping route available. MDS Nordion has received
requests for shipment to certain areas where marine transport
is not possible because shipping lines do transport radioac-
tive material to this area. MDS Nordion has been investigating
with freight forwarders other possible shipping routes using a
creative approach of marine and road transport. The logis-
tic difficulties involved and the increased in handling, storage,
and transit time will result in increase cost, shipment duration,
and radiation exposure to workers. The longer routes also
increase the probability of an accident.

The cost of changing any regulations should be out-
weighed by the benefit gained from this change. The costs
associated with the design and manufacture of a Type C
package are prohibitive. The alternatives of multiple Type
B(U) packages or special arrangements are also costly or

impractical.
Operational experience has shown that shipment of

Cobalt 60 by air is safe. The reduction in risk associated
with the change in the air transport regulations has not been
clearly shown. Consequently, costs and other practical con-
siderations outweigh any benefits associated with this
change in regulations.
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Introduction
Over the repository lifetime, the waste package containment
barriers will perform various functions that will change with
time. During the operational period, the barriers will func-
tion as vessels for handling, emplacement, and waste
retrieval (if necessary). During the years following reposi-
tory closure, the containment barriers will be relied upon to
provide substantially complete containment, through 10,000
years and beyond. Following the substantially complete con-
tainment phase, the barriers and the waste package internal
structures help minimize release of radionuclides by aqueous-
and gaseous-phase transport. These requirements have led to
a defense-in-depth design philosophy. A multi-barrier design
will result in a lower breach rate distributed over a longer
period of time, thereby ensuring the regulatory requirements
are met.

The design of the engineered barrier system (BBS) has
evolved. The initial waste package design was a thin walled
package, 3/8 inch of stainless steel 304, that had very limited
capacity (3 PWR and 4 BWR assemblies) and performance
characteristics, (300 to 1,000 years). This design required
over 35,000 waste packages compared to today's design of
just over 10,000 waste packages. The waste package designs
are now based on a defense-in-depth/multi-barrier philoso-
phy and have a capacity similar to the standard storage and
rail transported spent nuclear fuel casks.

Concurrent with the development of the design of the
waste packages, a comprehensive waste package materials
testing program has been undertaken to support the selection
of containment barrier materials and to develop predictive
models for the long-term behavior of these materials under
expected repository conditions. The testing program
includes both long-term and short-term tests and the results

from these tests combined with the data published in the
open literature are being used to develop models for predicting
performance of the waste packages.

Waste Package Design
The design of a waste package is based on the waste forms
that it will contain. Allocation of a waste form to a waste
package of a particular design is based on the characteristics
of the waste, not on its origin or current state of ownership.
Additionally, the waste package has been developed to ful-
fill the following design requirements:

• Restrict the transport of radionuclides
• Provide criticality protection during and after the

waste package is loaded with waste
• Manage the decay heat for the potential repository
• Provide unique identification of the waste package

and its contents
• Enhance safety of personnel, equipment, and the

environment
• Prevent adverse reactions involving the waste form
• Withstand loading, transportation, emplacement,

and retrieval
• Withstand the emplacement drift environment
• Provide physical and chemical stability for the

waste form
• Promote heat transfer between the waste form and

the outside environment
• Facilitate decontamination of its outer surface
Due to the list of performance needs the design of the

waste package has evolved into a multi-barrier component
with specialty materials and with each component, in gen-
eral, performing more than one function. As can be seen in
Figures 1 and 2, the spent nuclear fuel (SNF) basket provides
structural support for the fuel assemblies. This support is
maintained during the preclosure time period as well as the
postclosure, (10,000 years and beyond), performance time
period. The SNF basket must also provide thermal heat
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Table 1. Waste Package Design Options

Commericial Waste Thermal
Package Types Capacity

(Min) watts

21 PWR-
absorber plates

21 PWR-
control rod

12 PWR absorber
plates base-South

Texas long WP

44 BWR-
absorber plates

24 BWR-
thick absorber plates

Defense high level
waste short and long

Navy short
and long

2-MCO/2-
DHLW Long

0

0

0

0-

0

0

TBD

0

Thermal
Capacity

(Max) watts

850

850

1,500

400

520

1,200

TBD

> 1,200

Criticality
Range
(Min)
o**

0

0

0**

0

0

TBD

0

Criticality -Percentage of
Range Waste Packages
(Max)

1.13 -55%

1.45 -1%

1.13 -2%

1.37 -3.2%

1.54 <1%

1.0 -7%

TBD <2%

1.0 <1%

-Percentage of
MTHM by

Waste Package

-38%

-1%

-2%

-25%

-1%

29%

3%

-1%

** k (infinity) is used as an indicator that additional neutron absorber is needed in addition to bumup credit, k (infinity) values bound k(effec-
tive). k(effective) is unique to the geometry of the storage, transportation, and disposal device and takes into consideration the specific geome-
try, burnup credit, and additional neutron absorber. The specific "k(effective)" for each waste package design will be sufficiently below 1.0
that no criticality is probable.

removal in a thermally stressing environment. The thermal
characteristics of the repository rock act similar to a thermos
bottle holding in the heat, and this has focused the designs
to be thermally efficient in a wide range of thermal environ-
ments. In addition, the waste package, along with the sur-
rounding BBS, must ensure postclosure nuclear criticality
control over the regulatory time period.

In addition to the numerous performance based require-
ments, the fact that there is a large variability in the charac-
teristics of SNF, several waste package (WP) designs have
been developed to accommodate all of the SNF earmarked
for disposal in the proposed repository. There are logical
common design features that have been implemented in the
family of basic WP designs. There are four basic families of
WP designs, which are listed in Table 1. These are designs
for commercial SNF, defense HLW, Navy waste, and DOE
SNF/waste glass co-disposed waste.

As is shown in Table 1 and the figures, the designs are all
similar in that the outer and structural shell are made of the
same material, the internal basket configuration uses a basket
design style that accommodates the different waste forms,
i.e., the BWR basket accommodates BWR size assemblies
as does the PWR basket design.

A review of the projected waste streams provides a basis
for the different waste package design concepts. The major

determinants that were used to decide the number and size
of waste package designs are: BWR assemblies; PWR
assemblies; DOE waste forms; need for additional neutron
absorbing material for criticality control; and the thermal
output of the SNF assembly. Included in the determination
of the size of the waste package was the proposed repository
thermal loading.

Engineering Evaluations
The waste package design philosophy is rooted in engineering
evaluations of thermal performance, structural performance,
criticality, and radiation shielding issues. To create an
acceptable WP design, it is essential to identify the major
parameters that influence the performance and to quantify
the important design parameters. A number of significant
engineering evaluations and methods that are important for
defining the behavior of the waste packages in the repository
environment have been developed. These include:

• Disposal criticality: includes probabilistic analyses,
burnup credit for principal isotopes, material per-
formance, and repository environments.

• Thermal: Includes waste package, near field, and
far field temperature evaluations to evaluate the
thermal pulse that is caused by decay heat SNF.
The design requirements are to accommodate a
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wide range of repository thermal designs.
Therefore, a number of additional thermal enhance-
ments have been considered over the past few
years, these include convective cooling of the
emplaced waste package and storing the fuel on the
surface until the waste will meet the required lower
thermal output.

• Structural: To investigate the loading conditions from
the initial WP handling in the surface facility, loading
of the WP, transportation of WP to the emplacement
drift, and then emplacement and WP performance
through time. Drift stability and rock fall have poten-
tial for adversely affecting the performance of the
waste package during emplacement. Since Alloy 22 is
on the outside of the waste package, damage from
rock-fall drift collapse may result in a reduction in per-
formance of the barrier. However, with the addition of
a drip shield, to preclude accumulation of water and
minerals on the surface of the waste package and at the
same time precluding rocks from damaging the barrier,
the probability of loss of performance can be mini-
mized. Figure 4 depicts a proposed drift emplacement
configuration with the drip shield.

Table 1 shows that the basic commercial SNF waste
package designs and the basic defense high-level waste
(DHLW) WP designs will accommodate all of the existing
and projected SNF and DHLW. Table 1 also shows the thermal
output that each WP design will accommodate, as well as
when additional neutron absorber is needed, and an estimate
of the percentage of waste package types.

Basic Waste Container Designs
Figures 1 and 2 show the uncanistered fuel (UCF) disposal
container. The UCF container design is a right cylinder with
two barriers and an internal basket to support the spent fuel.
The waste package internals include a basket grid, structural
supports, and thermal shunts. As is shown in Figure 3, the
center region, inside the defense high-level waste package, is
allocated to the canister that will hold the DOE waste forms.

Waste Package Materials Testing
The waste package materials and waste-form testing pro-
grams are intended to provide information in support of the
materials selection process, engineered barrier system
development, and total system performance assessment
activities. In general the testing program consists of the fol-
lowing:

Container materials testing:
• Long-term corrosion
• Humid air corrosion
• Crack growth
• Electrochemical potential
• Microbiologically-influenced corrosion
Of these the long-term corrosion test program is the cor-
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nerstone of the overall material-testing program being con-
ducted in support of the Yucca Mountain Project.
Comprehensive Corrosion Tests on
Waste Package Materials
Long-term corrosion tests are being conducted on WP mate-
rial specimens exposed to relevant repository environments.
When completed, corrosion tests will have run for at least a
period of five years, and some tests may continue for much
longer periods of time beyond the license application period
and into the repository construction period. The tests are com-
prehensive in the sense that many forms of corrosion can be
tested. A planned interval test approach is being used, in
which large numbers of specimens are initially exposed to the
test environment and then periodic withdrawals of specimens
are made and the specimens characterized. Thus, the time-
dependence of the corrosion phenomena can be determined.

The strategy used for the waste package materials test
program is shown on page 34.
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Test Environments
The test environments are construed to be of the bounding
type and were selected so that there would be a large difference
in behavior for the different materials. Formulas have been
developed for formulating the test environments. The for-
mulas were based on previous experience on making up
simulated J-13 well water (near the Yucca Mountain reposi-
tory location) from various ionic salts. The characteristics of
the four bounding water environments have been estimated
as follows:

1. The base case water with the low concentration of ions
will have a pH of 8.5 and contain 1,700 ppm total dis-
solved solids. For the purpose of comparison, this
water is estimated to contain 67 nig/liter chloride ion.

2. The base case water concentrated 100-fold. This
water will have a high concentration of ions, a pH of
10, and contain 146,000 ppm total dissolved solids.
This water is estimated to contain 6,700 ppm chloride
ion. This bounding environment represents what
would happen with infiltrating ground water
descending toward the repository, encountering the
thermal zone, evaporating and concentrating dis-
solved salts.

3. The concentrated water acidified with sulfuric acid to
a target pH of around 2.7. This water is estimated to
have a total dissolved solids content of 146,000 ppm
and contain 24,250 mg/liter of chloride ion. This
bounding case represents the condition where micro-
bial activity from certain species have produced
acidic metabolic products. It also represents a bulk
test condition simulating the case of a localized,
sequestered water chemistry, such as that produced in
a creviced geometry.

4. The concentrated water alkalized with calcium
hydroxide to a target pH of 12. This water is esti-
mated to have a total dissolved solids content of
132,000 ppm and contain 20,900 mg/liter of chloride
ion. This bounding case represents water conditioned
by prolonged contact with cementitous materials
used to line the drift wall or used in the invert mate-
rial underneath the waste package emplacement.

The four proposed bounding environments provide a
range of pH (acid, neutral, and alkaline) and a range of ionic
strength (dilute and concentrated).

Two test temperatures were selected for the long-term
tests, 60°C and 90°C. These temperatures are representative
of the environmental conditions and cover the range where
high corrosion rates and the effects of localized corrosion
and stress corrosion cracking for the corrosion resistant
alloys may occur.

Test Specimens
Some 13,000 specimens were procured in FY96 in the three
configurations. The materials are being tested in three categories:

Corrosion Allowance Materials:
Wrought carbon steel (AISI 1018) UNS K01800
Centrifugally cast carbon steel UNS J02501
2.25 Cr - 1 Mo alloy steel UNS K21590

Intermediate Corrosion Resistant Alloys:
Alloy 400 (Monel 400) UNS N04400
70-30Cu-Ni(CDA715) UNS C71500

Corrosion Resistant Alloys
Alloy C-22 (Hastelloy C-22,
Inconel 622) UNS N06022
Alloy 825 (Incoloy 825) UNS N08825
Alloy G-3 (Hastelloy G-3) UNS N06985
Alloy 625 (Inconel 625) UNS N06625
Alloy C-4 (Hastelloy C-4) UNS N06455
Titanium Grade 12 UNS R53400
Titanium Grade 16 (Ti-0.05 Pd) None to date

Other Testing Programs
The long-term comprehensive corrosion-testing program is
a cornerstone for much of the testing effort for waste pack-
age materials. Several other short-term activities interface
with the long-term test. For example, the electrochemical
tests predict the relative susceptibilities of the candidate
materials to localized corrosion; the long-term corrosion test
validates whether these predictions are true for the longer
term. These tests are important for modeling efforts. Parts of
the long-term comprehensive corrosion test have counter-
parts in the shorter-term stress corrosion-tests and galvanic
corrosion tests. The saturated steam condition existing in the
top half of the test vessels represents a condition approach-
ing 100 percent relative humidity, and thus is an extension of
data points obtained at lower humidities.

Summary
Through the application of scientific and engineering meth-
ods, the engineered barrier system continues to adapt to
meet the performance requirements established by govern-
ment regulatory agencies, and the Yucca Mountain Project.
Continuing research and development of the waste package
design will help reduce the environmental impact of the pro-
posed geologic nuclear waste repository at Yucca Mountain,
and ensure the success of the project for thousands of years.
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Nuclear power will continue to contribute in a significant
manner to the supply of energy in the United States for a
number of decades to come. Whether the level of that con-
tribution remains at or near the current level of about 100
GWe or increases to a greater percentage of the national
electrical energy supply remains to be seen. The nature of
the future nuclear enterprise is difficult to foresee, depending
as it does on externalities such as consumer demand, envi-
ronmental issues, public acceptance, economics, and
national policy. In anticipation of the continuation of nuclear
electric power generation, and particularly in the continued
generation of spent nuclear fuel at a rate at least equal to the
current rate of more than 2,000 metric tons per year, the U.S.
Department of Energy in 1999 launched a program aimed at
developing the technologies for partitioning and transmuta-
tion of the transuranic elements and long-lived fission prod-
ucts present in spent light water reactor fuel.

The incentives for partitioning and transmutation are
numerous, including utilizing the energy potential of the
fissionable materials present in spent LWR fuel, eliminating
a future source of plutonium for weapons uses by proliferant
groups, and easing the problems of future high-level waste
disposal by reducing waste volume and radiotoxicity. The
transuranic content of spent LWR fuel at present generation
rates is sufficient to fuel 20 percent of the current commer-
cial reactor complement in the United States and the waste
remaining after extraction of the actinides and long-lived
technetium and iodine fission products would have a level
of radiotoxicity 1,000 times less than that of the untreated
spent fuel.

Studies done in support of the proposed Yucca Mountain

geologic repository performance analysis have shown that
"Tc and I29I dominate the radiation dose to nearby resi-
dents at time periods up to 50,000 years after repository
closure. Thereafter, the dose is largely from the transuranic
elements plutonium and neptunium. These analytical
results, together with a general notion that a reduction in
the radiotoxicity of wastes to be emplaced in the repository
should be of benefit, led to an initial goal of eliminating
99.5 percent of the transuranics and at least 95 percent of
the technetium and iodine from wastes intended for reposi-
tory disposal.

The efficient elimination of the selected nuclides at these
levels of transmutation was the subject of an intense study in
1999, leading to a report to the Congress describing a
roadmap for development of the necessary technologies. The
system envisioned at that time consisted of a single tier
arrangement directed toward the treatment of the inventory
of commercial spent nuclear fuel projected to exist in the
United States in 2010, assuming no new orders and no plant
life extension (about 87,000 metric tons). The commercial
fuel was to be processed to separate the transuranic elements
and the long-lived fission products for subsequent transmu-
tation in an accelerator-driven subcritical reactor device. The
duration of the period for partitioning and transmutation of
the commercial spent fuel was chosen to be ninety years,
with approximately 1,450 metric tons of commercial LWR
fuel to be processed each year for sixty years. This process-
ing was to separate the transuranics from the LWR spent fuel
and send them without further separation to accelerator-
driven reactors for transmutation. The system involved the
construction of eight plants having some thirty gigawatts
(thermal) of reactor capacity, including sixty-four 840 MWt
reactors driven by a total of sixteen linear accelerators deliv-
ering 45 mA proton current at 1 .OGeV to spallation targets
that produce about thirty neutrons per incident proton. Each
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Figure 1. Hybrid processing system chosen for the U.S. single-tier transmutation system

plant was intended to generate electricity for delivery to the
commercial grid, for the purpose of offsetting in part the
costs of construction of the system. This required the devel-
opment of a highly reliable LINAC accelerator that could
meet the continuous operation requirements of a commer-
cial generating plant.

The chemical separations scheme chosen for this single-
tier system was a hybrid hydrometallurgical and pyrometal-
lurgical process as shown in Figure 1. An aqueous solvent
extraction system was selected for the processing of LWR
spent fuel because such processes are used commercially in
Europe and Asia for the purpose of LWR spent fuel treatment
and are capable of dealing with the high throughput require-
ments of the U.S. system. The commonly used PUREX
process was modified for U.S. use to avoid the separation of
plutonium; the modified process, named UREX, extracts pure
uranium, in addition to product streams of iodine and tech-
netium. The uranium, with a 235U enrichment level near that of
natural uranium, is sent to disposal or long-term storage. The
transuranic elements and other fission products are including
in the UREX liquid raffinate, which is calcined to dryness.
The resulting oxide powder is sent to a pyrochemical process
known as PYRO-A, where the transuranics are separated
from the fission products. The fission products go to high-

level waste form production, in which the active metal fission
products are incorporated in a composite ceramic waste form
and the noble metal fission products, together with LWR fuel
cladding hulls, are immobilized in a zirconium-based metal-
lic waste form. The transuranics are fabricated into non-
fertile (i.e., non-uranium bearing) fuel elements for the accel-
erator-driven transmuter reactor. After reaching goal burnup,
these fuel elements are discharged and processed by another
pyrochemical process that has been designated PYRO-B. The
PYRO-B process recovers unburned transuranics and newly
generated iodine and technetium for recycle to the transmuter.
Other fission products are incorporated in the same types of
waste forms produced in the course of LWR fuel processing!

Partitioning and transmutation obviously raises a major
policy issue: that of reprocessing. Although the process pro-
posed for the single-tier system does not require the separa-
tion of plutonium, it is clearly only a matter of a minor
change to the process to accomplish pure plutonium extrac-
tion. Current policy on reprocessing remains that as stated in
previous administrations: that the United States will not sep-
arate plutonium for recycle in civil power reactors. Clearly,
if the benefits of partitioning and transmutation are to be
realized, it will be necessary to reformulate the policy.
Because no process that involved the chemical separation of
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any constituents of spent nuclear fuel can be made immune
to modifications that would permit the separation of pluto-
nium, a new national policy should deal with the realities of
proliferation resistance. The recovery of plutonium, for
example, requires access to actual weapons, stored pluto-
nium, or spent fuel. The weapons states presently restrict
access to nuclear weapons to the best of their abilities, and
stored plutonium also receives careful protection. No such
controls are applied to spent fuel, with reliance placed
instead upon self-protection from fission product decay radi-
ation. After several half-lives of the most active fission prod-
ucts have passed, this protection is substantially degraded
and a potential proliferator can gain access to the plutonium
in the spent fuel by means of well-known chemical
processes. This argues for more rigid controls to be placed
on spent fuel, and could be an incentive for removal and
destruction of the spent fuel plutonium content. A new and
more timely national policy might be that spent fuel would
be treated as an asset under rigorous inventory control and
sent to a processing plant for transuranic separation following
a limited cooling period. The recovered fissile materials
must then be immediately incorporated into recycle fuel,
without offsite transport of the separated materials and with-
out an increase in the national inventory of separated pluto-
nium. Chemical processing and fuel fabrication would be of
necessity carried out under a full IAEA safeguards regime.

Such a new national policy would address the real issues
of nuclear proliferation through the diversion of plutonium
from spent fuel. It would also permit the harmonization of
U.S. policy with that of other countries engaged in nuclear
electric power generation. Under such a policy, a multi-tier
system would be practical, with the current fleet of com-
mercial LWRs comprising the zeroth tier. Plutonium and
neptunium recovered from spent fuel discharged from these

reactors could be recycled into plutonium-burning Tier 1
reactors that could be MOX-burning LWRs, gas-cooled
reactors such as the PBMR or GT-MHR, or dedicated fast
reactors. The minor actinides (Am and Cm) recovered from
the LWR spent fuel, together with minor actinides and
higher isotopes of plutonium recovered from the processing
of spent Tier 1 reactor fuel, would be directed to a Tier 2 fast
spectrum reactor that could be a critical reactor or an accel-
erator-driven reactor. These multi-tier concepts would
require a separations technology featuring the separation of
plutonium from the LWR component. Tier 1 and Tier 2 fuels
are assumed to be non-fertile, with significant fissile content
upon reaching limiting burnup levels prior to recycle. Under
these conditions, the processing system most likely to be
used would be an aqueous system similar to UREX for the
LWR spent fuel, with an additional step for Pu/Np extrac-
tion. Pyrochemical processes for the Tier 1 and Tier 2 fuels
would be most practical, because the higher fissile content
and the higher alpha activity of these fuels would preclude
the use of contemporary aqueous processes due to criticality
concerns and solvent degradation. As the deployment of fast
reactors proceeds, it may become advantageous at some
point to convert a fertile fuel, utilizing stored uranium recov-
ered from LWR spent fuel. These reactors could then per-
haps evolve to a new sustainable system involving breeding.

Development of the technologies for a U.S. partitioning
and transmutation system is underway and excellent
progress is being made. Such a system points the way to a
sustainable nuclear power enterprise that will supply the
nation's electricity needs for centuries to come. Under the
current schedule, far-reaching decisions as to the nature and
scope of a deployable system will be made within the next
decade. A pilot-scale demonstration of the system could fol-
low thereafter.
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Proliferation Resistance:
New Visibility and Myths

William D, Stanbro and Chad T. Olinger
Los Alamos National Laboratory
Los Alamos, New Mexico U.S.A.

Abstract
The recent rebirth of interest in nuclear power has ignited
discussions of the role of intrinsic proliferation resistance in
increasing acceptance of nuclear power options. This paper
reviews some of the proposed measures and argues that they
need to be evaluated in an environment that considers the
role of safeguards in preventing proliferation. Approaches
that do not consider both technical and institutional meas-
ures have the potential to damage the credibility of the
nuclear community.

Introduction
On April 20, 1977, President Jimmy Carter announced that
the United States would forego reprocessing of civilian
nuclear spent fuel because this practice constituted an unac-
ceptable proliferation threat. Further, he called upon the
other nations of the world to follow the U.S. example.1 In
effect, a once-through fuel cycle using uranium-based fuels
was judged to be more proliferation resistant than one based
on plutonium (Pu) recycle. Over the last twenty-four years,
this determination together with concerns about safety have
had a chilling effect on nuclear power throughout much of
the world. Proliferation concerns of course are not new.
Indeed, finding a way to enjoy the benefits of nuclear power
while avoiding increasing the number of states armed with
nuclear weapons challenged some of the best minds of the
20th century.

The key to nonproliferation that has been consistently
identified is restriction on the availability and use of nuclear
material. Historically, two approaches have been pursued.
The first, which has been called intrinsic proliferation resist-
ance,2 is to design into a fuel cycle technical features that
complicate the task of producing and separating nuclear
material. The second, extrinsic proliferation resistance, is the
use of active, institutional measures such as domestic materials
control and accounting and international safeguards and
export control to prevent diversion of material from a civil
fuel cycle to a weapons program. The balance of this paper
further explores these two forms of proliferation resistance

and points out that they are both necessary but that neither is
sufficient unto itself. Further, it discusses the need for care in
the design of new intrinsic measures to avoid needlessly
complicating extrinsic measures.

The Search for Intrinsic Proliferation Resistance
The goal of intrinsic proliferation resistance is to place hur-
dles in the path of those wishing to produce nuclear materials
for weapons use by making fuel-cycle materials less attractive
to proliferators. Historically, this has meant a state diverting
nuclear material from a civil nuclear power program to a
clandestine military program.2 However, similar measures
would complicate the problems faced by a terrorist organi-
zation. The following hurdles may be considered: fissile
materials in the fuel cycle are kept as dilute as possible,
opportunities for further transmutation are limited, the
processes of concentration are made difficult through the use
of highly refractory matrices, and plutonium stockpiles that
have accumulated in the current fuel cycle are reduced
through transmutation. The intention is for these complica-
tions to help to deter would-be proliferators.

The DOE Energy database for 1977 to 2001 has 231 articles
on proliferation resistance, and among these no broad con-
sensus has developed on what proliferation resistance
means. Even with these uncertainties, a large number of
these papers propose new technologies to enhance the pro-
liferation resistance of the nuclear fuel cycle. Creative
approaches to increase intrinsic proliferation resistance are
not in short supply. These concepts of proliferation resistance
fall into three broad categories: (1) reducing (or slowing the
expansion of) total fissile inventories, (2) increasing the
work required to access or separate fissile material, and (3)
minimizing the weapons value of available Pu by achieving
higher burnup, which results in less favorable isotopic com-
positions. Examples of the suggested approaches include the
following:

• The Integral Fast Reactor (IFR) concept is based on
the use of a liquid-metal-cooled fast neutron reactor
using metallic fuel (probably U-Pu-Zr). Pu would be
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recycled within the process using pyrochemical
(molten salt) technology. Once started, proliferation
resistance would be conferred by never producing a
separated Pu stream, never discharging waste with
significant levels of Pu, having very efficient destruc-
tion of actinides due to the fast neutron spectrum, and
having the recycled Pu still contain some fission
products.34

• Alternative reprocessing strategies for production of
fuels for thermal reactors, such as using a variety of
technologies that produce a product material mixed
with uranium and some fission products. As with the
IFR, no pure Pu stream is produced, and the fission
products, as well as the minor actinides, complicate
recovery of Pu for weapons purposes. Examples
include Coprocessing,5* AIROX,7 and DUPIC.8

• Replacement of U in mixed oxide (MOX) fuels with
a nonfertile matrix (one that will not capture neutrons
to produce fissionable products such as 239Pu and
233U). Candidates include A12O3, MgO, CaO,
MgAl,O4, CeO2, and ZrO2.

9

• Reactor fuels designed to achieve very high burnups
that will produce Pu that is thought to be less attrac-
tive because of its high "Tu concentration.10

While each of these address one or more of the prolifer-
ation resistance categories described above, they all have the
potential to complicate the materials accountancy aspect of
nuclear safeguards and/or result in a product stream that is
arguably more attractive to a potential proliferator than con-
ventional spent pressurized water reactor (PWR) fuel. For
example, it will be more difficult to accurately account for
the quantity of material consumed in IFR and other separa-
tions approaches that do not yield a pure Pu stream. Also in
the case of DUPIC, nonfertile MOX reactors and high-burn-
up fuels result in elemental Pu concentrations that are higher
than those of spent PWR fuel, making the material more
attractive for at least part of the fuel cycle. Objectively
weighing these trade-offs and evaluating whether they
increase or decrease proliferation resistance would be
required before any option were implemented. Moreover,
the proliferation resistance of these approaches may depend
on other nuclear capabilities (isotope production processing,
etc.) within a given country.

The Proliferation Resistance Threshold
At this juncture it is useful to ask the question, "What degree
of intrinsic proliferation is necessary to deter a proliferator?"
This question cannot be answered with any precision, but it
is possible to examine at least two benchmarks against
which intrinsic barriers might be compared: enrichment of
natural U to highly enriched U (>20 percent 235U) and pro-
duction of Pu from natural U.

Because of a number of inherent intrinsic barriers, sepa-
ration of significant amounts of fissile nuclear material is not

an easy process. It is complicated by the low concentrations
of fissile materials in nature. 235U constitutes only 0.7 percent
of natural U, and U ores contain generally at most only a few
percent U of all isotopes. Production of highly enriched ura-
nium (HEU) then requires the isotopic enrichment of 235U.
Enrichment to weapons-grade material is an expensive and
tedious process, which must select for the desired isotope
against other isotopes using physical properties, particularly
mass, that at best differ by only 1.25 percent.

Pu, of course, is essentially nonexistent in nature. It is
produced by the transmutation of 238U in an intense neutron
field. For practical purposes, this process requires a nuclear
reactor, which relies on the fissioning of 235U to produce suf-
ficient neutrons to be captured by the more common isotope,
238U. Even then, the concentration of the product is only on
the order of 0.012 percent Pu for production reactors and 1-
2 percent in commercial spent fuel. The Pu must then be
concentrated from an intensely radioactive (45 Curies/kg
fuel), chemically toxic mixture that generates significant
quantities of heat."

Despite these challenges, seven nations have tested
nuclear weapons. The originators of nuclear weapons, the
United States, along with its British and Canadian allies, did
so in an attempt to influence the course of the most destruc-
tive war in human history. At the end of World War II,
Canada decided that its future national security no longer
required that it have a military nuclear program. The United
Kingdom, on the other hand, moved forward to obtain its
own nuclear stockpile in order to secure its international
position. The Union of Soviet Socialist Republics and the
People's Republic of China developed nuclear weapons pro-
grams to counter the power of the Western Alliance. France
felt that it needed weapons to enhance its position within the
Alliance and as a final guarantee of national security in the
event of a Warsaw Pact-NATO confrontation. India and
Pakistan made similar judgments in light of severe regional
rivalries. Although it did not test, South Africa developed
nuclear weapons in an effort to prop up a regime that was
considered anathema to most of the world but later
destroyed its stockpile when it was clear that the days of that
regime were numbered. Based on post-Gulf War inspec-
tions, it is clear that Iraq pursued a large, complex, and
expensive weapons program in an effort to become a
regional hegemon.

If the reports in the popular and scholarly literature12 a14

are to be given credence, each of these programs required
the expenditure of considerable amounts of national wealth
and in some cases heroic levels of activity. While one can
argue about the correctness of their perceptions of the
advantages of possessing nuclear weapons, it is abundantly
clear that these states believed that they needed nuclear
weapons and were prepared to take the steps necessary to
obtain them.

While many of the proposed intrinsic proliferation resist-
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ance measures would seriously complicate and possibly
delay a weapons development program based on the diver-
sion of fuel from a civil fuel cycle, it is hard to argue that
they would provide an insurmountable barrier given the levels
of motivation that these states felt. Intrinsic proliferation
resistance measures could, however, increase the probability
that a state's activities would come to the notice of the inter-
national community, if the state used the commercial fuel
cycle as a proliferation pathway.

Extrinsic Approaches to Nonproliferation
Faced with the obvious examples of states going to great
lengths to overcome the naturally occurring intrinsic barriers
to produce nuclear materials, the world community turned to
institutional approaches to limit the use of nuclear materials
for weapons by verifying the state's compliance with their
treaty obligations. This resulted in the current multi-faceted
international nonproliferation regime that includes a net-
work of treaties, agreements, national laws, export controls,
and multilateral inspections. This section focuses on two
measures at the heart of the current international safeguards
regime: materials accountancy and containment/surveillance.
These measures, when applied in the context of international
safeguards, are aimed at assuring that nations that have
pledged not to develop nuclear weapons will not try to sub-
vert their guarantee through the diversion of nuclear mate-
rial from civil programs. The potential for additional formal
openness and possibly wide-area environmental monitoring
under the IAEA's strengthened safeguards protocol may fur-
ther improve safeguards15 but are not discussed in this paper.

It is well known that the quality of nuclear materials
safeguards depends fundamentally on the nature of the facil-
ities and materials being monitored. Care in selecting the
time and place for these measures can significantly improve
the level of confidence in their results. Examples of these
lessons include the following:

• Nuclear materials in the form of items (well-charac-
terized material sealed in containers) require less
effort to control than material in bulk processes
(reprocessing, MOX fuel fabrication, etc.)

• Nuclear material should be in a chemical and physical
form that facilitates measurement. This puts an
emphasis on the homogeneity of the material, the
nature of the matrix, the location in the process
stream, etc.

• Surveillance works best when it is applied to areas
where there is limited extraneous activity.

• Determining bulk quantities of SNM by weighing
usually has higher precision and accuracy than vol-
ume measurements. However, both approaches will
require either destructive or nondestructive assay to
determine what weight-percent of SNM is in the
compound or solution.

• Experience shows that lower-intrusive measures will

enhance the host state's acceptance of the safeguards
regime. Examples of this include the use of
remote/unattended monitoring and the substitution of
quicker, cheaper nondestructive assay techniques for
destructive assay approaches.

Comparison of these points with the current once-
through fuel cycle reveals its favorable qualities. All bulk
handling is limited to less attractive low-enriched or natural
U, and all Pu is generated in items (fuel rods). Fuel rods are
generally stored in low-activity areas that make surveillance
more effective. Problems do arise with the difficulty of
directly measuring the fissile material content of spent fuel.
This makes direct determination of a materials balance at
reactors impossible. However, the item nature of the mate-
rial and the ease of surveillance compensate. The greatest
weakness of the approach is that spent-fuel Pu may require
some form of monitoring for tens of thousands of years,
whether spent fuel is stored or disposed of. In addition, over
long time scales, the attractiveness of Pu in spent fuel
increases with time because of the decay of short-lived,
highly radioactive fission products; uncertainty in the safe-
guards regime also increases because it depends on the sta-
bility of nations and agreements (which arguably have "half
lives" on the order of hundreds of years and dozens of years,
respectively).

In contrast, a fuel cycle based on Pu recycle, for example,
has a greater short-term risk because of the bulk-handling
nature of reprocessing and MOX fuel fabrication; the pres-
ence of difficult-to-measure materials, including solutions
whose volumes must be determined; the need in the current
processes to separate Pu; and the relative ease of separating
Pu from unirradiated MOX by chemical means. The
intended proliferation benefit of Pu recycle is long-term
reduction in total separated and spent-fuel Pu inventories.16

A proper comparison of these two cycles obviously must
find a way to handle the matter of long-term, lower risk
verses short-term, higher risk of proliferation. This tradeoff
requires at least two conditions: (1) nuclear power using fertile
fuels is terminated, and (2) the Pu recycle continues through
many recycling "generations." If the first assumption is not
correct, then a secular equilibrium of spent fuel will persist
for as long as civilization uses nuclear power.17 If the second
assumption is not correct, then there will only be an order of
magnitude reduction in total Pu, at best.9 This still would
leave a substantial quantity of Pu in spent fuel, in similar
concentrations to that of the original spent fuel.

Discussion
Well-intentioned efforts to promote intrinsic proliferation
resistance of advanced fuel cycles can result in misleading
or overly optimistic statements of the benefits of intrinsic
measures. The long-term credibility of the nuclear community
depends on avoiding these overstatements.

Several discussions on proliferation compare the growing
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quantities of spent fuel with current stockpiles of weapons-
grade Pu. Associated statements or implications are that
proliferation concern grows linearly with this growing
stockpile of civil Pu. Arguably proliferation concern does
grow with the amount of available Pu, but there is clearly not
a linear relationship. For example, IAEA and most state
accounting verification requirements provide for statistical
sampling verification measures. Using DOE orders as a
model, statistical sampling may result in an upper limit of
ninety-one items sampled during a physical inventory
(assuming no anomalies are detected). This value is
approached asymptotically as the number of spent fuel
items grows.18

Similarly pragmatic considerations apply to analyses on
a country-by-country basis on what constitutes proliferation
concern. A stable government with a mature and effective
state system of accountancy arguably presents a smaller pro-
liferation concern than a state with nuclear power that either
has an unstable government or an ineffective state system of
accountancy and control. This may hold even if the former
has orders of magnitude more Pu in more attractive forms
than the latter. (This comment does not apply to the IAEA's
consideration of proliferation risk but may be a pragmatic
analysis done by individual states in assessing their national
security interest and commerce in nuclear technologies.)

Recycle is argued to be an effective means to reduce
long-term proliferation risk of spent fuel.9 For reasons stated
above, a single-step recycle only improves proliferation risk
of that material if a country has very small throughput of
spent fuel. In these cases it is more cost-effective and more
proliferation resistant for another country with more
advanced nuclear capabilities to take custody of the spent
fuel and either dispose of or reprocess it.17' '9 Reprocessing
may have merit from other considerations, but it is difficult
to envision how reprocessing alone addresses proliferation
resistance on a long-term, global scale.

Another argument made is that higher burn-up fuels are
fundamentally more proliferation resistant that other fuels.'
While it is assumed that all or most weapons in the world's
stockpile are made of "weapons grade" Pu (~2*Pu/™Pu < 10
percent), high burnup Pu can be used to create fission
devices.20 IAEA (and U.S. domestic) safeguards criteria,
which treat all Pu as the same (except for >80 percent 238Pu),
reflects this international consensus.

Summary
The historical record of states being willing to take extreme
measures to develop nuclear weapons when they judge them
to be necessary to achieve their national security goals cre-
ates a high bar that any form of proliferation resistance must
surmount. It further argues that approaches like those cur-
rently employed that are based on both intrinsic and extrin-
sic measures are more likely to be successful than
approaches that overemphasize one at the expense of the

other. As new intrinsic measures based on new reactor
designs and novel processing systems are proposed, it is
important that these systems be compatible with appropriate
extrinsic measures. It also implies that the safeguards com-
munity must become involved in the development of these
new intrinsic measures at the earliest possible time to either
properly tailor existing complementary extrinsic measures
or to develop new ones.

The reverse is also true. Increases in the intrinsic prolif-
eration resistance of the fuel cycle may permit increases in
the efficacy and efficiency of safeguards. Whether the
inverse (improvements in safeguards relaxing the need for
intrinsically proliferation-resistant fuel cycles) is true would
be an interesting topic for further analysis. To quote from a
recent DOE-sponsored study of research and development
opportunities in proliferation resistance:

It would appear that the intrinsic barriers in some sys-
tems could be strengthened by successful completion of
R&D, but the ongoing need to preserve the strength of
extrinsic barriers has been strongly reinforced in the analy-
sis of the Task Force to date. In addition, as an important
matter, the application of extrinsic barriers to specific reac-
tor and fuel cycle systems can be made more effective if pro-
liferation resistance assessments, including trade-off studies
between intrinsic and extrinsic measures, become an inte-
gral part of the overall design and engineering process.

None of the intrinsic proliferation resistance strategies
proposed to date have been developed in sufficient detail to
allow the kinds of analyses that have been applied to the cur-
rent fuel cycles. However, when such studies are done, it is
hoped that both intrinsic and extrinsic proliferation resist-
ance will be given equal weight in the total system.

It is likely that global environmental considerations and
increasing energy requirements will eventually result in the
growth of nuclear energy. Anticipating this growth in the use
of nuclear energy, discussions on proliferation resistance
and proliferation resistant fuel cycles have become increas-
ingly visible. However, the role of proliferation resistance
should be defined, kept in perspective, and evaluated care-
fully. Proliferation resistance does not justify the use of
nuclear energy. Rather, proliferation resistance is a factor
that should be considered in evaluating a long-term, stable
energy strategy. Moreover, overzealous use of the term "pro-
liferation resistance" runs the risk of damaging the credibil-
ity of the nuclear community, particularly when there is no
common or accepted definition of the phrase.

William D. Stanbro is the deputy group leader of the
Safeguards Systems Group at Los Alamos National
Laboratory. He received a bachelor's degree and a doctor-
ate in physical chemistry from the George Washington
University and a master's degree in computer science from
the Johns Hopkins University. His background includes
work in environmental science, medical research, nuclear
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The Need for Nuclear Energy—
Four Years After the Harvard Speech

America's Energy Challenge—
The Nuclear Answer

U.S. Senator Pete V. Domenici
New Mexico U.S.A.

George Bush Presidential Conference Center
Texas A&M University

November 19, 2001

Earlier this year, blackouts in California were front-page
news. There was serious discussion about our energy crisis.
The situation eased in the last few months thanks to mild
weather and increased conservation. The economic slow-
down after the terrorist actions will also depress energy
needs for awhile. But while the urgency of an energy crisis
has abated somewhat, the basic facts haven't changed. Our
nation and the world are facing immense shortfalls in
energy, both in the short term and even more so in the long
term.

In October 1997,1 gave a speech at Harvard that antici-
pated the severity of the energy problems for both this nation
and the world. In that speech, I called for a national dialogue
on nuclear power. I'd like to contrast that with another
speech given that same month by President Clinton as he
laid out his strategy for negotiations at Kyoto.

He talked about renewables, conservation, and his deep
concerns about emission of greenhouse gases—but he never
said one word in that speech about nuclear. By ignoring
nuclear energy, he dismissed the largest source of clean elec-
tricity we have today, or will have for a long time.

Today we have a different administration. Thanks to the
leadership of President Bush, we also now have a realistic
energy policy that recognizes the need to increase all sources
of energy. I am very pleased that nuclear energy figures
prominently in his plan. (In passing, I should note that I
won't take time here to discuss the unfortunate choices made
by the Senate majority party to avoid committee debate on a
legislative version of the president's energy plan.)

The Vice President's National Energy Policy stated that:

The Policy Development Group recommends that the
President support the expansion of nuclear energy in
the United States as a major component of our
national energy policy.

President Bush accepted that recommendation without
hesitation. In his speech releasing and endorsing the
National Energy Policy, he noted that:

"America should expand a clean and unlimited
source of energy—nuclear power"

and added:

"By renewing and expanding existing nuclear facili-
ties, we can generate tens of thousands of megawatts
of electricity, at a reasonable cost, without pumping a
gram of greenhouse gas into the atmosphere."

In contrast to President Clinton's speech, my Harvard
speech certainly mentioned the "nuclear" word—consider-
ably more than once. I discussed several concerns and chal-
lenges, with perhaps the most critical issue being the focus
of anti-nuclear groups only on the risks involved with
nuclear. They simply don't discuss its benefits, or discuss the
solid technical solutions for the risks. Unfortunately, their
actions do not help the public toward a balanced view of this
complex issue.

This issue is hardly unique to nuclear energy. Energy pro-
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duction, by any technology, represents a trade-off between
risks and benefits. The public must have information to fairly
judge both sides of this equation for each energy source. With
that kind of comparison, which you and your colleagues can
help to frame, nuclear energy fares very well. From this
debate, and from continued progress on many fronts, I believe
that nuclear energy will play an increasing role in future
domestic and global electrical supplies.

As you know, there's a long list of real benefits from
nuclear energy, fundamental to its superb record in supply-
ing clean, reliable, low cost electricity. In fact, its operating
costs are among the lowest of any source, even 10 percent
below coal.

The output of nuclear plants has risen dramatically since
the 1980s. In 2000, our plants generated over 91 percent of
their maximum output. Since the 1980s, our average unit out-
put has increased by over 20 percent. That's equivalent to
gaining over twenty new nuclear plants without building any.

Safety has been a vital focus, as evidenced by a constant
decrease in the number of emergency shutdowns, or "scrams,"
in our domestic plants. In 2000, for the fourth year in a row,
the number of unscheduled reactor shutdowns was zero.

Another example of the exemplary safety of well-run
nuclear reactors is our nuclear navy. They now operate about
ninety nuclear powered ships. Over the years, they've oper-
ated about 250 reactors. They've accumulated over twice the
number of reactor-years as our civilian sector without any
significant incidents. They are welcomed into over 150
major foreign ports in over fifty countries, only excluding
New Zealand.

Some question the safety of nuclear plants in light of the
recent terrorist attacks. I concur that it is appropriate that we
carefully evaluate the safety of all major nodes of our critical
infrastructures—chemical plants, electrical transmission sys-
tems, pipelines, oil tank farms, and nuclear plants, to name a
few. But we need to remember that nuclear plants are proba-
bly the most hardened commercial structures in the world.

In addition, critics of nuclear energy need to remember
that we and our allies control the fuel supplies for nuclear
energy. That's in stark contrast to petroleum-based fuels
where the fuels are largely controlled by sources outside the
United States who will consider their own best interests
ahead of ours.

In my view, it just doesn't make sense to conclude that
any potential target that cannot be hardened against any and
all acts of war should be abandoned, as some of the anti-
nuclear groups might suggest for nuclear plants. With that
line of reasoning, we should be abandoning airplanes and
high buildings.

Instead, I think the president's leadership is taking us on
precisely the correct course—to work diligently to root out
the causes and sources of terrorism around the world. Only
then can we return to enjoying the lifestyle that we value and
that we want to preserve for our future generations.

Some have sought to limit nuclear energy by arguing that
transportation of spent fuel is too dangerous. These argu-
ments are being raised again in light of the terrorists'
actions. Indeed, such transportation must be done with great
care, but it's also something that we already do very well.
There has never been a breach in a spent nuclear fuel con-
tainer during almost 3,000 American shipments covering 1.6
million miles.

The environmental benefits of nuclear energy are
immense. It is essentially emission free. We've avoided the
emission of more than two billion tons since the 1970s. A
recent Japanese study showed that nuclear was the lowest
electricity source in overall carbon dioxide emissions except
hydropower. The inescapable fact is that nuclear energy is
making a vital contribution to our environmental health and
security.

In fact, we could be doing much more with nuclear energy
to promote the health of our environment. For example,
France generates 76 percent of its electricity from nuclear.
That helps France achieve spectacular results for minimal
emissions of carbon dioxide. Their emission of CO2 per dol-
lar of GDP is almost three times lower than ours.

Since that speech at Harvard, many of you in this room
participated in the national dialogue that followed. From that
dialogue and many concrete actions, the nuclear industry of
2001 bears little resemblance to that of 1997.

In 1997, it was a real challenge to find a headline talking
about the future of nuclear energy. There was little optimism
for re-licensing, and any talk about a new plant would have
been dismissed as lunacy.

Many factors contributed to this dramatic shift. I think
that Harvard speech helped. Congressional initiatives helped
and support in Congress is now much stronger. The presi-
dent's strong support for nuclear energy is a key develop-
ment. And initiatives, including some that I helped to
encourage, to streamline the Nuclear Regulatory
Commission also helped. Today there's real enthusiasm for
expanded use of nuclear energy.

Today, six nuclear plants have been re-licensed to add up
to twenty years to their service. These six studies took
between seventeen and twenty-three months. That's in con-
trast to the old NRC that took eight years studying one
application for an enrichment plant.

There are fourteen re-licensing applications pending at
the NRC now. And there are twenty-six renewal applications
expected in the next few years.

I've also been approached by several utilities who tell me
to expect three applications for operating licenses of new
plants by the end of 2002. Around the world, there are
ninety-three new reactors planned by 2016, thirty-seven are
under construction today. Eight are scheduled for operation
in 2002.

Earlier this year, when I have introduced extensive legis-
lation to support and encourage future nuclear energy devel-
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opment, I found many senators eager to help. Eighteen
senators joined me in cosponsoring this bipartisan legisla-
tion—a most impressive number. Nuclear energy is included
in several other energy bills as well.

For the current fiscal year, nuclear energy is well sup-
ported, including:

• $17.5 million for university support to ensure educa-
tional resources needed for nuclear power,

• $7 million for nuclear energy plant optimization to
improve reliability and productivity of our 103 exist-
ing nuclear power plants,

• $32 million for nuclear energy research,
• $7 million to continue work on advanced reactors

including Generation IV,
• $5 million for cost-shared programs with industry to

support new licensing applications at the Nuclear
Regulatory Commission,

• $18 million to continue the research on improved
understanding of the health impacts of low doses of
radiation,

• $5 million for continued joint work with Russia on
high temperature, gas-cooled reactors,

• $10 million for our Nuclear Regulatory Commission
to prepare to license new plants, and

• $50 million for research on reprocessing and trans-
mutation to reduce quantities and toxicity of final
waste forms.

In closing, I'd like to discuss two specific areas. One
involves the largest remaining roadblock to rebirth of a new
era for nuclear energy. The second involves my vision for
the role of nuclear energy around the world.

Perhaps the most frustrating area of challenge for future
use of nuclear energy involves our lack of credible strategies
to deal with spent fuel. The barriers to progress in this area
are entirely political, and not technical. This is one area that
I fear could doom our nation's prospects for future use of
nuclear energy if we don't make faster progress.

We continue to focus on Yucca Mountain as a permanent
repository, despite the fact that it is not obvious that perma-
nent disposal of spent fuel is in the best interests of all our
citizens. (See Waste Package and Material Testing for the
Proposed Yucca Mountain High-Level Waste Repository on
page 31.) It's even less obvious to me that we should equate
the terms "spent fuel" and "waste."

Depending on our future demands and options for elec-
tricity, we may need to recover the tremendous energy that
remains in spent fuel. Furthermore, strong public opposition
to disposal of spent fuel, with its long-term radiotoxicity,
may preclude use of repositories that simply accept and per-
manently store spent fuel rods.

For these reasons, I favor centralized storage for a period
of time in a carefully monitored, highly secure, fully retriev-
able, configuration. At a minimum, this type of storage
could allow concentration of the spent fuel from its seventy-

plus locations around the country into one or more central-
ized, tightly controlled storage areas.

Such a monitored storage facility can allow future gen-
erations to evaluate its own needs for energy and decide on
appropriate reuse of spent fuel or final disposition. In a very
real sense, this facility would represent a national nuclear
fuel reserve for future generations.

Congress has worked very hard to make progress on the
spent fuel issues. Last year, a bill passed both houses of
Congress by large margins that created an "early receipt
facility" in Nevada; it also created an office within the
department to seriously evaluate strategies for spent fuel.
The vote for passage was 253-167 in the House and 64-34 in
the Senate—those are both impressive margins.
Unfortunately, President Clinton vetoed this bill, and the
veto override vote failed in the Senate by a single vote.

That office would have studied alternative management
strategies for spent fuel, including both reprocessing and
transmutation. We need to do the research today that can
allow tomorrow's leaders to decide whether some forms of
reprocessing and transmutation can lead to reduced risks
and enhanced benefits from nuclear energy.

Transmutation, as part of an integrated national or inter-
national strategy for spent fuel, could dramatically alter the
radiotoxicity of final waste products destined for a reposi-
tory and allow recovery of much of the residual energy in
spent fuel. This option might involve systems utilizing both
existing or new reactors, plus accelerators, to develop a new
fuel cycle. I've successfully championed a major research
program for this effort, Advanced Accelerator Applications
or AAA, which is funded at $50 million this year.

If this program is successful, we can recover the residual
energy in spent fuel. We would also produce a final waste
form that is no more toxic, after a few hundred years, than
the original uranium ore. If we reach that goal, I think pub-
lic concerns about waste will be dramatically reduced.

I was very pleased that the president endorsed these stud-
ies in the National Energy Policy which:

"recommends that, in the context of developing
advanced nuclear fuel cycles and next generation
technologies for nuclear energy, the United States
should reexamine its policies to allow for research,
development and deployment of fuel conditioning
methods (such as pyroprocessing) that reduce waste
streams and enhance proliferation resistance. In
doing so, the United States will continue to discour-
age the accumulation of separated plutonium world-
wide."

In addition, the new policy also stated:

"The United States should also consider technolo-
gies, in collaboration with international partners
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with highly developed fuel cycles and a record of
close cooperation, to develop reprocessing and fuel
treatment technologies that are cleaner, more effi-
cient, less waste-intensive, and more proliferation
resistant."

Before closing, I'd like to mention my vision for a major
future role for nuclear energy. It involves the increasing
globalization of the world's economies. I don't believe that
the world can develop in the peace and harmony that we all
want unless the large differences between the "have" and
"have-not" nations are addressed.

The standards of living for billions of people lag the
Western world by extremely large factors. Reliable sources
of electricity underpin the economies of the developed
world. They are one of the factors determining each nation's
standard of living and are certainly one of the prerequisites
for modernization in all developing nations. As you are well
aware, there is now a vast gulf in energy usage per capita
between Western nations, especially the United States, and
the developing world.

I firmly believe that globalization offers immense bene-
fits to the American people. We benefit from a network of
global trading partners. These partners help create markets
for our high technology products. But this will happen only
if the rest of the world increases its standards of living to lev-
els that closely match our own. And that won't happen
unless they have access to clean, reliable, low cost sources
of electrical power.

Nuclear energy, appropriately designed to avoid prolifera-
tion concerns and operate in absolute safety, can play a major
role in energizing the rest of the world. It can be one of the
solutions to providing global energy needs and helping to
bring many of the poorer economies into the 21st century.

In closing, I want to commend Texas A&M University on
a tremendous record of achievements in your first 125 years
of existence. Your strong program in nuclear engineering is
most impressive. Programs like yours are essential for train-
ing the next generation of young scientists and engineers who
will be the ones evaluating, building, and operating the new
nuclear plants that can continue to provide us with the bene-
fits of nuclear technologies in the next millennium.
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Abstract
The appalling events of September 11, 2001, require a major
international initiative to strengthen security for nuclear
materials and facilities worldwide, and to put stringent secu-
rity standards in place. This paper recommends a range of
specific steps to upgrade security at individual facilities and
strengthen national and international standards, with the goal
of building a world in which all weapons-usable nuclear
material is secure and accounted for, and all nuclear facilities
are secured from sabotage, with sufficient transparency that
the international community can have confidence that this is
the case.

Introduction
The attacks of September 11, 2001, make clear that the
threat of large, well-organized global terrorist groups bent on
causing mass destruction is not hypothetical but real.
Attackers armed with box-cutters achieved horrifying
destruction. There can be little doubt that if they had had
access to nuclear weapons, they would have used them.
Osama bin Laden has called the acquisition of weapons of
mass destruction a "religious duty." Indeed, there is evidence
that bin Laden's Al Qaeda organization has been seeking
nuclear weapons and weapons-usable nuclear material—and
that they had procured diagrams of U.S. nuclear power
plants, possibly in preparation for an attack on such a facility.'

On September 11, the threat revealed itself to be bigger,
smarter, better organized, and more deadly than the threats
most of the world's security systems were designed to

defend against. We must ensure that our defensive response
is every bit as intelligent and capable as the attackers of
September 11. Fragile modern industrial societies present a
wide range of targets for attacks that could cause mass
destruction or mass disruption, many of which would be far
easier to attack than nuclear weapons, materials, or facilities.
Nevertheless, given the horrifying consequences if a terrorist
group did manage to acquire a nuclear explosive or destroy
a nuclear power plant—or if nuclear weapons or fissile
material to make them were to fall into the hands of a hos-
tile state —every reasonable effort must be made to ensure
that these materials and facilities are effectively secured.2

International Arms Control:
Now More Than Ever
This paper focuses on steps to strengthen security for nuclear
material and facilities. But for that effort to be fully effective,
it will have to be built on a solid structure of arms control
and nonproliferation measures binding states to norms and
rules of behavior, and to cooperative approaches to security
problems. Arms control and nonproliferation agreements
bind bureaucracies into implementing good practices, add
strength to the arguments of domestic advocates of improved
controls, and give governments more authority in regulating
facility operators and private enterprises. In the case of
nuclear materials, the necessary regime would include a
strengthened and adequately funded IAEA safeguards sys-
tem, international requirements to protect nuclear material
from theft and sabotage, a verified cutoff in the production
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of fissile material for weapons, international verification of
the removal of large quantities of fissile material from mili-
tary stockpiles, and other measures.3 Politically, these efforts
cannot be a one-way street: if the United States wishes to
build international political support for new security meas-
ures that will involve constraints and inconveniences for
non-nuclear-weapon states, it will have to re-engage on mul-
tilateral arms control, including supporting measures that
impose some constraints and inconveniences on its own
forces and facilities. As George Bush Sr. remarked on
September 13, the terrorist attacks should "erase the concept
that America can somehow go it alone in the fight against
terrorism, or in anything else for that matter."4

The Threat of Nuclear Theft
Limited access to fissile materials—the essential ingredients
of nuclear weapons—is the principal technical barrier to
nuclear proliferation in the world today. As the U.S.
Department of Energy has officially warned:

"Several kilograms of plutonium, or several times that
amount of HEU [highly enriched uranium], is enough
to make a bomb. With access to sufficient quantities of
these materials, most nations and even some sub-
national groups would be technically capable of pro-
ducing a nuclear weapon... "5

Acquisition of such material could shorten a prolifera-
tor's bomb program from years to months. The international
community could be faced with a new threat with little
warning. Reactor-grade plutonium poses nearly as great a
proliferation threat as weapons-grade plutonium.6

Those seeking to acquire nuclear material will go wher-
ever it is easiest to steal, and buy it from anyone willing to
sell. Hence, vulnerable weapons-usable nuclear material
anywhere is a threat to everyone everywhere. While security
for nuclear material has traditionally been seen as solely a
national responsibility, the international community has an
overwhelming interest in seeing that all such material is
secure and accounted for.

Global stockpiles of such material are large and wide-
spread. A decade after the end of the Cold War, there are still
some 30,000 nuclear weapons in the world (more than 95
percent of them in the U.S. and Russian arsenals). The
world's stockpiles of separated plutonium and HEU, the
essential ingredients of nuclear weapons, are estimated to
include some 450 metric tons of military and civilian sepa-
rated plutonium, and over 1,700 metric tons of HEU.7 These
stockpiles, both military and civilian, are overwhelmingly
concentrated in the five nuclear weapon states acknowl-
edged by the nuclear Non-Proliferation Treaty, but enough
plutonium for many nuclear weapons also exists in India,
Israel, Belgium, Germany, Japan, and Switzerland.8 In addi-
tion, some twenty metric tons of civilian HEU exist in civil-

ian nuclear research facilities in at least forty-three coun-
tries, sometimes in quantities large enough to make a bomb.9

As we will see, levels of security and accounting for both the
military and civilian material vary widely, with no binding
universal standards in place. Some weapons-usable material
is so poorly secured and accounted for that, even if it were
stolen, no one might ever know.

This problem is most acute today in the former Soviet
Union, where the collapse of the Soviet state left a security
system designed for a closed society with closed borders,
well-paid nuclear workers, and everyone under close sur-
veillance by the KGB, facing a new world it was never
designed to address.10 Nuclear weapons, which are large and
readily accountable objects, remain under high levels of
security—though even there, scarce resources for maintaining
security systems and paying nuclear guards raise grounds
for concern. For nuclear material, the problem is more
urgent. Many nuclear facilities in Russia have no detector at
the door that would set off an alarm if someone were car-
rying out plutonium in a briefcase, and no security cameras
where the plutonium is stored. Nuclear workers and guards
protecting material worth millions of dollars are paid less
than $200 a month. As a result, there have been a number of
confirmed cases of theft of kilogram quantities of weapons-
usable material in the former Soviet Union. Russian officials
have confirmed that as recently as 1998 there was an insider
conspiracy at one of Russia's largest nuclear weapons
facilities to steal 18.5 kilograms of HEU—a theft that was
stopped before the material actually left the gates." These
are the conditions that led a distinguished U.S. bipartisan
panel to warn, as the Bush Administration took office in
early 2001, that "the most urgent unmet national security
threat to the United States today is the danger that weapons of
mass destruction or weapons-usable material in Russia
could be stolen and sold to terrorists or hostile nation
states."12

The problem of insecure nuclear material, however, is by
no means limited to the former Soviet Union. Indeed, in the
United States itself, which probably has some of the toughest
physical protection regulations in the world, there have been
repeated scandals going back decades over inadequate secu-
rity for weapons-usable nuclear material.13 In some countries
around the world, there are research facilities with fresh or
lightly irradiated fuel that simply do not have the resources
to sustain effective security for this material over the long
haul. The problem was highlighted by the 19.9 percent
enriched uranium seized in 1998 from criminals trying to
sell it in Italy, which appears to have been stolen from a
research reactor in the Congo.14 Theft of insecure HEU and
plutonium, in short, is not a hypothetical worry: it is an
ongoing reality, not only from the former Soviet Union but
from other states as well.

At the same time, thousands of people worldwide have
critical knowledge related to the manufacture of nuclear
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weapons and their essential ingredients. In October 2000, an
official of Russia's Security Council confirmed that the
Taliban had unsuccessfully attempted to recruit a Russian
nuclear expert—and that three of his colleagues had left his
institute for countries unknown.15

The Threat of Nuclear Sabotage or
Radiological Dispersal
A range of means is available by which terrorists might seek
to disperse radioactive contamination—with the goal either
of causing mass fatalities or simply provoking fear and eco-
nomic disruption.

By far the most potentially devastating radiological
attack (but also the most difficult to accomplish) would be to
sabotage a nuclear power plant or spent fuel pool—both of
which have huge concentrations of intensely radioactive
material, and both for which scenarios exist for generating the
nuclear or chemical energy needed for dispersing it widely.16

Studies sponsored by the U.S. Nuclear Regulatory
Commission have projected, in a worst case, over a 100,000
deaths from a beyond design-basis accident, as might be
caused by successful sabotage.17 Unlike many other haz-
ardous industrial facilities, nuclear power plants in some
countries are protected by containment vessels several feet
thick, are equipped with redundant safety systems, and are
protected by armed guards and other security systems. To
cause a core meltdown and disperse a substantial fraction of
the radioactive material into the atmosphere would require
defeating a well-protected plant's security systems and
destroying or disabling multiple safety systems simultane-
ously. Nevertheless, nuclear power plants have been the sub-
ject of some terrorist interest: threats or attempts to blow up
or penetrate nuclear reactors have been reported in
Argentina, Russia, Lithuania, Western Europe, South Africa,
and South Korea.18

In the United States, the NRC requires that nuclear
power plants have armed guard forces and a variety of bar-
riers capable of protecting the plants from a small group of
well-armed terrorists, possibly working with one insider at
the plant; since 1994, the plants have also been required to
be protected against truck bombs (though there is ongoing
debate as to whether currently required protections are suf-
ficient, as a 1984 Sandia National Laboratories study con-
cluded that large truck bombs could potentially cause unac-
ceptable damage to critical safety systems even if detonated
outside the protected area of some plants).19 Roughly half
the U.S. commercial nuclear power plants have failed tests
involving a threat of the kind specified in the regulations
(typically involving only a few attackers, and an insider
involved only in providing information)—where failure
means that the test attackers would have been able to destroy
critical safety systems.20 After such tests, security upgrades
are undertaken to correct identified deficiencies.

There appear to be wide variations in national practices

with respect to security for nuclear material and facilities. A
study of the physical protection practices that were
described by experts to two 1997 conferences at Stanford
and the IAEA showed great variation in practices from
country to country: many countries did not even explicitly
identify terrorism or sabotage among the threats their sys-
tems were designed to defend against.21 In a small but more
recent Stanford survey of country physical protection prac-
tices, six of seven respondents did not indicate having any
special plans to deal with sabotage, such as a truck-bomb
attack, that was intended to spread radioactive material
beyond the protected area of a nuclear facility.22 Significant
variations from country to country in security practices for
similar facilities were identified by nuclear experts asked by
the IAEA to review facilities in ten countries. The experts
reported: "Differences in culture, perceived threat, financial
resources and technical resources, and national laws are
some of the reasons for variations."23 Overall, internationally
required standards, accompanied by an effective and well-
financed effort to assist countries in meeting them, could do
much to reduce these differences in practices and improve
national standards.

In addition to power plants, spent fuel storage and pro-
cessing facilities are another target whose destruction could
conceivably lead to catastrophic releases.24 In the case of dry
cask stores, while it is certainly possible to imagine scenar-
ios in which one or more casks might be destroyed, the
prospects for mobilizing large quantities of radionuclides
into the atmosphere seem much more limited. Spent fuel
transports are another potential target for sabotage. Anti-
tank weapons could be used in attempts to penetrate the
spent fuel casks and disperse some of the radioactivity.25

Other forms of nuclear terrorism have the potential to
cause enormous fear and disruption, given the public fear of
anything "radioactive," and could result in large economic
and cleanup costs, but would not be likely to result in large
numbers of fatalities. In particular, although there are many
lurid press accounts of the possibility of radiological "dirty
bombs," it would be difficult for terrorists to cause large
numbers of fatalities by this means.26

Current International Cooperative Efforts to
Improve Security, Strengthen Standards
In recent years, there have been substantial international
cooperative efforts both to upgrade the security of specific
facilities around the world and to put more effective security
recommendations and standards in place—and a number of
new steps have already been taken or proposed since the
September 11 attacks.

The United States has spent hundreds of millions of dollars
on cooperative efforts with the states of the former Soviet
Union to modernize MPC&A systems at dozens of nuclear
sites. Other nations have contributed to this effort as well.
Substantial international cooperation has also focused on
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improving capabilities to monitor, analyze, and interdict
illicit trafficking in nuclear materials. The IAEA has estab-
lished an International Physical Protection Advisory
Service, which offers international expert peer reviews and
coordinates donor state assistance for upgrading physical
protection at the request of member states. Through that
mechanism and others, significant physical protection
upgrades have been accomplished in several countries out-
side the former Soviet Union as well. However, because of
inadequate funds, IPPAS has been able to conduct peer
reviews in only twelve such countries since it began in 1995.

Standards and recommendations have also been
upgraded. A substantial revision of the IAEA's recommen-
dations on physical protection was completed in 1999 (INF-
CIRC 225/Rev. 4). New initiatives have been undertaken to
provide assistance to states in developing design-basis
threats for their physical protection systems, and to expand
international physical protection training. However, the only
treaty in this area is the Convention on the Physical
Protection of Nuclear Material, which calls for physical pro-
tection measures only for material in international transport
(or storage incidental to such transport). Furthermore, its
protection requirements are against theft of nuclear material,
not against sabotage—and are extremely general.27 The
Convention includes no mechanisms for verification—not
even voluntary reports on, or peer review of, physical pro-
tection practices.

In 1998, the United States proposed that the Convention
be amended to (a) extend its coverage to civilian nuclear
material in domestic storage, use, and transport; (b) require
that at a minimum, states provide levels of protection com-
parable to those recommended in INFCIRC 225; and (c)
require that states provide reports on their physical protec-
tion arrangements every five years, to be discussed at inter-
national conferences that would also take place every five
years.28 The IAEA Director General convened an experts'
meeting, which recommended drafting an amendment to the
Convention. Their pre-September 11 consensus report rec-
ommended extending the Convention's coverage to civilian
nuclear material in domestic use, storage, and transport;
adding a requirement to protect against sabotage of nuclear
facilities as well as theft of nuclear material; and stating
twelve general principles for physical protection in the
Convention. These principles included, for example, a call
for each party to the treaty to adopt a national regulatory
framework to govern its physical protection practices. The
report was welcomed by the September 2001 IAEA Board
of Governors and General Conference meetings, and the
twelve principles were approved.29

The experts' consensus recommendations did not include
any specific standards for domestic physical protection.
They did not include any requirement that states prepare a
report to the IAEA or to other states on their physical pro-
tection arrangements and regulations; any mechanism for

international peer review of such arrangements; or any ref-
erence to the much more detailed IAEA physical protection
recommendations (INFCIRC 225/Rev.4), even that these be
"taken into account." The experts' "principle" calling for a
national regulatory framework also called for an independent
national regulatory agency and national inspections to verify
compliance with national requirements.30 This is useful in
itself, but some experts have relied on it to oppose interna-
tional verification and international standards for physical
security. In our view, in the aftermath of September 11, the
experts' pre-September 11 consensus in these areas should
be fundamentally reconsidered: while national sovereignty
in the area of nuclear security is important, so is every state's
interest in making sure that every other state is carrying out
its responsibilities in these areas appropriately.

Several post-September 11 developments are worth noting.
First, most major states heightened security for their own
nuclear facilities and undertook reviews of their national
requirements for protection of nuclear material and facilities
from terrorist theft or attack.

For example, the U.S. NRC immediately recommended
that all nuclear reactors go to their highest state of alert;
national guard forces were called out to protect reactors in
some areas; and the NRC has since been conducting a "top
to bottom review" of its nuclear security requirements, a
review that is leading to new orders to heighten security.31

France has installed anti-aircraft missiles to protect its La
Hague reprocessing facility; Japan has put armed guards in
place at its nuclear facilities for the first time.32

Second, substantial steps have been taken to expand and
accelerate U.S.-Russian cooperative efforts to upgrade secu-
rity and accounting for nuclear materials. In December
2001, Congress allocated an additional $226 million to DOE
nonproliferation programs in the emergency supplementary
legislation (including $120 million for MPC&A and nuclear
smuggling interdiction bringing that total to $293 million),
along with related funds for the Department of State;
President Bush, in an important December 11 speech at the
Citadel, emphasized the crucial importance of keeping
weapons of mass destruction out of terrorist hands, along
with the vital role of cooperation with Russia in achieving
that objective, and pledged to ask Congress for "an overall
increase in funding to support this vital mission,"33 and the
Bush administration completed its review of threat reduction
programs with Russia, endorsing most of the efforts and tar-
geting some for expansion.34 While the budget President
Bush sent to Congress on February 4, 2002, represented a
reduction in some categories from the substantial sums
Congress had voted after September 11, it nonetheless
offered substantially more for these efforts than any of the
Clinton budgets. And with the new spirit of U.S.-Russian
anti-terror partnership following the September 11 attacks,
the chances have improved for accelerating implementation
of these security upgrades.
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Third, international security upgrade cooperation coordi-
nated by the IAEA has also been expanded and accelerated
since September 11, and a much larger expansion proposed.
In late October, the private Nuclear Threat Initiative
announced a $1.2 million three-year grant—which was soon
matched by a new U.S. government contribution—to
expand and accelerate the IAEA's physical protection
review and upgrade program.35 At the November 2001 IAEA
Board of Governors meeting, the IAEA secretariat proposed
a broad program of IAEA activities intended to help prevent
nuclear terrorism—including efforts to upgrade security for
nuclear material and facilities around the world—with an
estimated price tag of $30-$50 million per year.36 The mem-
ber states are expected to indicate soon how much they are
willing to pay for such a program.

At the same time, efforts to negotiate actual amendments
to the Convention on Physical Protection have made little
progress. Even if these talks succeed, any draft amendment
produced by a working group must be formally reviewed by
the Convention's parties, a majority of whom must agree to
convene an amendment conference; then, two-thirds of the
parties must ratify the amendment before it can enter into
force.37 Years are likely to elapse before that can happen.

The Vision: A World of Secure Materials
and Facilities
In the aftermath of September 11, our goal must be of a
world in which:

• Every nuclear weapon and all weapons-usable
nuclear material worldwide is secure and accounted
for, to stringent standards;

• All high-consequence nuclear facilities (and high-
consequence material transports) are secure from
both insider and outsider sabotage and attack;

• Effective measures are put in place to interdict
nuclear smuggling;

• There is sufficient transparency to give the interna-
tional community confidence these steps have been
undertaken.

Of course, it is not possible to defend every facility
against every imaginable threat. Society has other things to
secure besides nuclear material and facilities, and other
things to expend its resources on besides security. The debate
over "how much security is enough?" is crucial, and has only
just begun. While some security facts must be kept secret,
this debate must be as transparent as possible, allowing a well-
informed public to make judgments as to how much it
believes should be spent to reduce the risks, and what
remaining risks are acceptable. In the United States, for
example, while some have complained that the NRC's phys-
ical protection regulations are not strong enough, at least the
broad outlines of the requirements are openly published,
making them available for public discussion and debate38—

which is not the case in many other countries.
The stakes justify a significant investment in improving

security worldwide. Given that states have been willing to
spend billions of dollars on their efforts to produce fissile
material—and given that a single bomb could threaten tens of
thousands of lives—the level of effort devoted to securing and
accounting for stocks of even a few kilograms of fissile mate-
rial should be higher than that devoted to protecting large
amounts of money. This is manifestly not the case at many
facilities in many countries today. Indeed, a strong case can be
made that the essential ingredients of nuclear weapons should
be protected roughly as rigorously as nuclear weapons them-
selves are, as a committee of the U.S. National Academy of
Sciences recommended in 1994.39As the DOE regulations on
physical protection put it, "use of weapons of mass destruc-
tion by a terrorist(s) could have consequences so grave as to
demand the highest reasonably attainable standard of secu-
rity."40 Safeguards and security today are a small contribution
to nuclear costs: To take one example, even at the THORP
reprocessing plant, one of the most sensitive civilian nuclear
facilities in the world, capital cost was over $5 billion in cur-
rent dollars, annual operating costs are nearly $500 million—
but security costs for all the plutonium operations for THORP
and other facilities at the Sellafield site are estimated by
BNFL at $15 million per year.41 Thus substantial security
increases could be implemented for costs that are low by
comparison to what states are accustomed to spending for
military security, or when judged as a proportion of the costs
of nuclear-generated electricity.

Priority One: Implementing Security Upgrades
Below, we provide a range of specific suggestions for action
in the wake of the September 11 attacks, grouped into two
main categories—first, direct steps to implement security
upgrades at specific facilities and to interdict nuclear smug-
gling, and, second, steps to strengthen national and interna-
tional security standards.

• Every nation state with weapons-usable nuclear
materials or high-consequence nuclear facilities
should urgently assess its security arrangements and
regulations in light of the magnitude of the threat
demonstrated on September 11, and upgrade them
where necessary. If technical assistance is needed to
perform security reviews, the state should request
that the IAEA IPPAS program organize a peer review
—and if the state does not have adequate resources to
carry out needed upgrades, it should request that the
IAEA organize assistance.

• Working with Russia, the United States should
launch a new initiative to control and secure weapons
of mass destruction in both their countries and world-
wide. The September 11 attacks have created a secu-
rity moment as unique as the collapse of the Soviet
Union, justifying a new initiative on the scale of the
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Nunn-Lugar initiative launched at that time—a new
"Alliance Against Catastrophic Terrorism," which
could be led jointly by the United States and Russia.42

As recommended in the Baker-Cutler report of
January 2001, the United States should (a) work with
Russia to develop a strategic plan "to secure and/or
neutralize in the next eight to ten years all nuclear
weapons-usable material located in Russia, and to
prevent the outflow from Russia of scientific expert-
ise that could be used for nuclear or other weapons of
mass destruction"; (b) appoint a senior official to
manage the many programs involved; and (c) appro-
priate the funds needed to implement this effort as
rapidly as possible—significantly more than even the
expanded Bush requests since September 11.
In particular, as part of such an initiative, the United
States and Russia should drastically accelerate their
joint cooperation to improve MPC&A. Other states
should substantially increase their contributions to
this effort as well. This would include: (a) substan-
tially increased funding (to a U.S. budget in the range
of $300 million for fiscal year 2003, for example); (b)
joint U.S.-Russian development of a strategic plan to
complete the needed upgrades as rapidly as the job
can be accomplished, and to put the initial "rapid
upgrades" in place within, for example, two to three
years; (c) high-level Russian commitment to sustain
effective security and accounting after U.S. and inter-
national assistance phases out in the future, with a
working group established to work out specific
measures and commitments for sustainability; (d)
agreement on a drastically expanded and accelerated
effort to consolidate nuclear material in fewer buildings
and facilities, including providing comprehensive
incentives to facility managers to give up their mate-
rial; (e) agreement on a "rapid accounting" initiative,
in which all nuclear weapons and weapons-usable
materials would be identified, tagged, and sealed very
rapidly, with the more laborious process of actual
measurement of the nuclear material following
behind;43 (f) rapid agreement on measures to sweep
aside the disputes over access and assurances to
ensure that U.S.-funded upgrades at sensitive facili-
ties are implemented appropriately; and (g) a greatly
increased focus on achieving security that can be and
will be sustained after initial upgrades are complete,
including strengthened MPC&A regulation and a
wide range of other measures related to resources,
organizations, and incentives to sustain MPC&A.44

The scope of these efforts should be expanded to
include physical protection assistance needed to pre-
vent catastrophic sabotage.
As additional elements of such an initiative, the
United States and Russia should also accelerate their

other cooperative programs designed to secure,
monitor, and reduce stockpiles of nuclear weapons,
plutonium, and HEU; downsize nuclear complexes
and re-employ nuclear weapons and materials
experts; interdict nuclear smuggling; and control sen-
sitive nuclear exports. Here, too, other states should
substantially expand their contributions. This would
include, for example, measures to accelerate the
blend-down of highly enriched uranium, and to place
excess weapons plutonium under international verifi-
cation and transform it into forms no more usable in
nuclear weapons than commercial spent fuel.45

The United States and other major nuclear states
should provide substantial funding—at least several
tens of millions of dollars for the coming year—to
finance MPC&A upgrades and assistance for sus-
taining high levels of security in other countries
around the world—focused both on securing nuclear
material and on preventing sabotage. The package the
IAEA proposed to the Board of Governors is an
excellent start.
States that in the past have had no armed guards at
their nuclear facilities should reconsider, and develop
appropriate approaches to deploying armed security
personnel at each nuclear facility with weapons-
usable nuclear material or whose sabotage could
cause a major catastrophe.
The United States and other major nuclear states
should finance a drastic increase in physical protec-
tion training around the world, as recommended in
the final report of the IAEA-convened experts group.
This training should include not only technical training,
but discussion of the crucial role of such security in
preventing the spread of nuclear weapons and stop-
ping nuclear terrorism. Effective training is crucial to
improving security and assuring that improvements
are sustained over time.46

The budget and personnel available to the IAEA's
physical protection program should be drastically
increased—going well beyond the U.S. private and
government grants to the IAEA mentioned above—
making it possible, for example, to carry out a much
larger number of missions to help member states
improve security measures, and to provide more
effective follow-up to such missions.
International cooperative efforts to reduce the number
of sites around the world where HEU and separated
plutonium are stored should be drastically expanded.
Small, potentially insecure facilities using HEU or
plutonium should be provided with targeted incentives
to give up this material, which could include assistance
with other research that did not require it, offers to pur-
chase the material, help in decommissioning research
reactors and critical assemblies, help in managing
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spent fuel and other wastes, and funding for conver-
sion to low-enriched uranium. In particular, the
budgets available for converting HEU-fueled research
reactors to LEU, taking back fresh and spent research
reactor fuel to the country of origin, and developing
new higher-density fuels should be substantially
increased, so that these efforts can be accelerated—
including particularly Russian take-back of Soviet-
supplied HEU from vulnerable sites around the world.
Every state with weapons-usable nuclear materials
should review, and strengthen as necessary, the accu-
racy and effectiveness of its state system of accounting
and control—as control and accounting systems are
an important part of preventing and detecting insider
theft. Non-nuclear-weapon states party to the NPT
already have state control and accounting systems
reviewed by the IAEA, as it implements safeguards.
The nuclear weapon states should each undertake a
self-audit, identifying the quantities and locations of
all of its weapons-usable nuclear material, and
matching these to historical production and use (com-
parable to the audit the United States undertook as
part of its Openness Initiative).47

Firms in the nuclear industry should drop their oppo-
sition to more stringent security standards; this oppo-
sition is "penny wise and pound foolish." While
increased security measures will cost money, suc-
cessful theft of nuclear material for a nuclear
weapons program, or successful catastrophic sabotage
of a nuclear power plant, would be a gigantic disaster
for the nuclear industry in all countries, wherever it
occurred.48

The nuclear industry should establish a cooperative
industry organization focused on improving security
standards worldwide through peer review and assis-
tance, comparable to the role the World Association
of Nuclear Operators (WANO) has played in improving
nuclear safety.
All relevant states and the IAEA should undertake dra-
matically increased efforts to interdict nuclear smug-
gling and control sensitive nuclear exports, including:
(a) far-reaching sharing of intelligence and law-
enforcement information; (b) ensuring that every rele-
vant state has at least a small unit of the national police
trained and equipped to deal with nuclear smuggling,
and other law-enforcement and border-control units are
trained to contact them as appropriate; (c) ensuring that
every relevant country has a unit of its national intelli-
gence service focused on, trained to deal with, and
cooperating with other states on, the nuclear smuggling
and illicit export threats; (d) providing equipment and
training for detection at key border crossings, airports,
ports, and at potential key nodes within countries as
well (e.g., major highways near nuclear facilities, train

stations in Moscow); and (e) substantially improving
international nuclear forensics capabilities to examine
seized samples and determine their origin.

• The United States, the countries of the European
Union, Japan, and other states should increase their
assistance for measures to assist the states of the former
Soviet Union in re-employing weapons of mass
destruction experts in non-weapons jobs, downsizing
the WMD complexes, and strengthening controls on
exports and transfers of sensitive technologies.

Priority Two: Strengthening National and
International Standards
In addition to immediate upgrades, strengthened standards
are needed if security is to be improved consistently world-
wide and sustained over the long haul.

National Standards and Regulations
• Every state with weapons-usable nuclear material or

high-consequence nuclear facilities should move
urgently to put in place effective national security
standards (including clear regulations, strong and
independent regulators, appropriate inspection pro-
grams, and effective enforcement) reflecting the
threat as perceived after September 11.

• Every state with weapons-usable nuclear material or
high-consequence nuclear facilities should incorpo-
rate design basis threats into its regulations. These
threats should take into account the global reach of
terrorist organizations such as that which struck on
September 11. At a minimum, it is difficult to argue
that there is any country with major nuclear facilities
where an attack by a small group of well-armed,
well-trained terrorists, using at least a truck bomb and
having the assistance of one insider, is not a plausible
threat against which security systems should be pre-
pared to defend.

• National standards and regulations should include
regular, realistic, independent testing of the perform-
ance of security systems in defeating intelligent,
well-trained insider and outsider efforts to overcome
them. The IAEA's physical protection advisory service
should be expanded to include helping countries to
carry out such tests and establish such domestic testing
programs.49

• Every relevant country should put in place strong
legal and regulatory frameworks to deal with the
problem of theft and illicit trafficking in nuclear
material.

International Recommendations and Agreements
• Every state with weapons-usable nuclear material or

high-consequence nuclear facilities that has not
already done so should sign and ratify the Convention
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on the Physical Protection of Nuclear Material.
Every state with weapons-usable nuclear material or
high-consequence nuclear facilities should voluntarily
commit to provide security for its facilities comparable
to or better than that recommended in INFCIRC
225/Rev. 4. Major wealthy nuclear states such as the
United States, France, the United Kingdom, Japan,
and Germany should join in making a politically bind-
ing commitment that they will provide the levels of
security recommended in INFCIRC 225/Rev. 4 (or
some other stringent standard on which they can all
agree—perhaps a performance-based one) for all their
nuclear material and facilities, military and civilian;
that they will report to the IAEA on their regulations
and procedures; that they will allow managed peer
review of physical protection at selected facilities; and
that they will encourage other states to make compara-
ble commitments (including requiring that foreign
facilities that they supply or contract with demonstrate
that they are meeting the agreed standard). The United
States, in particular, should extract itself from the
embarrassing position of opposing its own previous
proposal to create an obligation to meet INFCIRC 225
standards by investing the resources necessary to bring
its own facilities up to these standards and working to
convince other states to do likewise.50

A new review of INFCIRC 225 should be initiated, to
make whatever modifications are necessary given the
new understanding of the threat in the aftermath of
September 11."
The Convention on Physical Protection of Nuclear
Material should be amended as rapidly as practicable,
to expand its coverage to domestic material and make
the other improvements recommended by the
experts' group.
At the same time, in the aftermath of September 11,
some of the experts' group's conclusions should be
reversed. Parties to the convention should work to
build support for an amendment that would include
obligations to: (a) provide levels of security against
both theft and sabotage at least comparable to those
now recommended in INFCIRC 225/Rev.4 (with
some provision for raising standards in the future
without going through the time-consuming treaty
amendment process); (b) provide some carefully
managed and appropriately confidential form of
international peer review; and (c) report to the IAEA
on national legislation and regulations adopted pur-
suant to the Convention.
Every nuclear supplier state should undertake steps to
examine whether security in its recipient states is
adequate, and if not, work with the recipient states to
ensure that effective and sustainable security meas-
ures and regulations are put in place, including pro-

viding assistance where needed. The Nuclear
Suppliers' Group should adopt more stringent
requirements prohibiting exports to countries that do
not provide levels of security comparable to those
called for in INFCIRC 225/Rev. 4. Either peer
reviews by the supplier state or international peer
reviews organized by the IAEA could be used to con-
firm that such requirements were being met.

• Major nuclear states should adopt a policy that their
governments and firms will not enter into contracts
with nuclear facilities that fail to provide effective
security and accounting for their nuclear material—
making this part of the "price of admission" for doing
business in the major nuclear markets.

Transparency
• Every state with weapons-usable nuclear material or

high-consequence nuclear facilities should take care
to keep confidential details of its physical protection
arrangements that would be useful to terrorists seeking
to overcome them.

• At the same time, sufficient information should be
made available to enable informed public debate and
build public and international confidence that suffi-
cient steps are being taken.

• In particular, the IAEA's member states should sup-
port the IAEA's efforts to seek information on each
country's physical protection practices. No interna-
tional agreement requires submitting such informa-
tion to the IAEA (even on a confidential basis), and
countries have been very reluctant to provide the
information unless they needed advice and asked for
IPPAS peer review or financial help. As a result, no
one knows where the worst problems are. As IAEA
Director General Mohamed ElBaradei has said, "the
most immediate task is to achieve a more complete
picture of nuclear security worldwide, to enable a
rapid response to the most urgent needs, and to
develop a coherent plan for longer term action."52 To
help resolve that problem, every state with weapons-
usable nuclear material or high-consequence nuclear
facilities should voluntarily report to the IAEA on the
steps it has taken to strengthen security and put in
place effective national regulations. Major nuclear
states should take the lead in taking particularly strin-
gent measures and being among the first to report
them to the IAEA.

• Voluntary peer reviews of physical protection
arrangements, such as have been organized in recent
years by IAEA assistance programs, should become,
over time, a regular, normal part of doing business in
major nuclear facilities—just as safety peer reviews
have become. Toward that end, major nuclear states
such as the United States, France, Japan, Britain, and
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Germany should not only provide greater funding for
such peer reviews but should invite peer reviews at
selected facilities of their own. A new industry-led
international organization comparable to WANO
could eventually provide effective physical protection
peer reviews.

• New cooperation should be established between the
IAEA's safeguards inspectors and its physical protec-
tion experts. The IAEA's safeguards inspectors
should be instructed to provide relevant information
observed during their inspections to the physical pro-
tection office (while keeping the information safe-
guards-confidential). The IAEA's inspectors should
be provided limited physical protection awareness
training to facilitate this.

• Using information from all available sources, the
IAEA physical protection office should work to
establish a confidential data base on the state of phys-
ical protection for nuclear materials and high-conse-
quence nuclear facilities around the world, with a
view toward identifying the facilities most in need of
security upgrades.

Rethinking the Design Basis Threat
The September 11 attacks require a fundamental rethinking
of the threats that nuclear security systems must be designed
to address. The September 11 threat consisted of nineteen
well-trained attackers operating in four independent but
coordinated teams; who were both suicidal and bent on
causing mass destruction; who came from an organization
with access to heavy weapons, explosives, and extensive
combat training and experience; who attacked without
warning; and who appear to have planned, trained, and col-
lected intelligence for the attack for more than a year. Even
without the addition of the use of large civilian aircraft fully
loaded with jet fuel, this is a threat far larger and more capa-
ble than most nuclear security systems (at least civilian facil-
ities) are designed to cope with. Countries around the world
will have to rethink what threats are plausible and must be
defended against, asking questions such as these:

• What, if anything, should be done to protect nuclear
facilities from attack by aircraft? An IAEA
spokesman has acknowledged that current nuclear
power plants were never designed to withstand attack
by "a large jumbo jet full of fuel," and some national
regulatory authorities have acknowledged that their
security requirements did not foresee such threats.53

Can it now be assumed that large civilian airliners
will become sufficiently difficult to hijack that the
threat of a fully-fueled airliner attack on a power
plant can be safely ignored? Or should we consider
deploying anti-aircraft defenses at such facilities? 54

What about smaller planes, such as middle-sized jets
that operate from unregulated airports and might be

packed with explosives?
• How many people attacking on the ground, with what

training, attack vehicles, and weaponry, should
design basis threats now include? What would be the
cost of providing effective protection against threats
on the scale of September 11?

• Should facilities be protected against attackers arriving
and departing by unconventional means designed to
overcome delays at the perimeter, such as helicopters,
or by boat?

While this reconsideration has only just begun, a few
things do seem clear already. First, high-consequence
nuclear facilities should be designed to survive truck bomb
attacks. Second, it is unsafe to rely on the assumption that
there will be prior warning before an attack. Third, terrorists
are clearly willing to commit suicide attacks by crashing air-
craft or trucks on their targets.

Impact on the Future of Nuclear Energy
After September 11, the possibility of terrorist attack will
inevitably be one factor that utilities, publics, and govern-
ments weigh when considering nuclear energy in comparison
to other energy sources. Beyond that, September 11 has
implications for specific nuclear energy choices:

• The desirability of reactors with "inherent safety"
features, designed so that no plausible set of circum-
stances can lead to a core melt and large-scale dis-
persal of radioactivity, appears even higher than
before.

• However, proposals that such reactors can be built
with no containment vessels—a key part of the pro-
jected favorable economics of the ESKOM pebble
bed system, for example—are likely to be as dead as
the race to build ever-taller office buildings.

• The concept of underground nuclear reactors should
be explored again, to see if such systems can provide
energy at reasonable cost.

• Most controversially, perhaps, we believe that there
should be a phased-in moratorium on current
approaches to reprocessing and recycling plutonium.
Whatever safeguards and security measures are put in
place, a world in which tens of metric tons of pluto-
nium are being separated, processed, fabricated, and
shipped to dozens of locations around the world
every year is a world that poses significant risks
above and beyond those of a world in which that is
not occurring. Nuclear power's future will be best
assured by making it as cheap, as safe, as secure, as
proliferation-resistant, as simple, and as uncontro-
versial as possible—and current reprocessing and
recycling technologies point in the wrong direction
on every count.55
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Conclusions: Preparing for a New World
The events of September 11 created a new world—a world
in which we know for certain that there are highly capable
terrorist groups with global reach bent on mass destruction.
At the same time, the aftermath of September 11 is demon-
strating that we are living in a world where far-reaching
international cooperation toward common objectives could
be a reality.

This new world calls for new approaches for securing
much of the fragile infrastructure of modern industrial soci-
eties—including nuclear materials and facilities. A major
new international initiative is needed to improve security for
nuclear materials and facilities worldwide. The first priority
must be to upgrade security for the least secure nuclear
material and high-consequence nuclear facilities, in the former
Soviet Union, the United States and worldwide; strength-
ened international standards will likely take longer to
achieve (though the momentum from September 11 should
not be lost).

These steps will cost money. Many of them have been
blocked or slowed in recent years because of lack of politi-
cal priority, bureaucratic obstacles, penny-pinching budgets,
reluctance to make commitments that would cost money in
the future, and the like. In the aftermath of September 11,
governments and industry should work together to sweep
these obstacles aside and take the steps needed to ensure that
nuclear materials and facilities do not become the tools of
terrorists. The costs and risks of failing to act are far higher
than the costs of acting now.
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Critique of Physical Protection Standards for Transport
of Irradiated Materials," in Proceedings of the 40th
Annual Meeting of the Institute for Nuclear Materials
Management, available at http://www.nci. org/e/el-
inmm99.htm.

26. Explosive dispersal of either several kilograms of plu-
tonium or several kilograms of spent fuel, even in a
heavily populated area would not be expected to cause
any near-term deaths; hundreds of long-term deaths
could occur if weather conditions were right, though
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these would be difficult to detect against the substantial
background rate of cancer. See Steve Fetter and Frank
von Hippel, "The Hazard from Plutonium Dispersal by
Nuclear-warhead Accidents," Science and Global
Security, Vol. 2, No. 1 (1990), pp. 21-41; and Lyman,
"A Critique of Physical Protection Standards for
Transport of Irradiated Materials," op. cit.

27. See Convention on the Physical Protection of Nuclear
Material of 1980, IAEA Information Circular/
274/Rev.l, Annex 1.

28. For a discussion of the early stages of these discussions,
see George Bunn, "Raising International Standards for
Protecting Nuclear Materials from Theft and Sabotage,"
Nonproliferation Review, Summer 2000; for a review
of more recent discussions, see George Bunn and Fritz
Steinhausler, "Guarding Nuclear Reactors and Material
from Terrorists and Thieves," Arms Control Today,
October 2001, and Patricia A. Cornelia and Burrus
Carnahan, "Revising the Convention on the Physical
Protection of Nuclear Material," in Proceedings of the
42nd Annual Meeting of the Institute for Nuclear
Materials Management.

29. Informal Open-Ended Expert Meeting to Discuss
Whether there is a Need to Revise the Convention on
the Physical Protection of Nuclear Material, Final
Report (May 23, 2001) (to be distinguished from the
February working group final report cited in the next
note which contains more specific recommendations
and the working papers, mostly from the IAEA staff,
used by the experts). Another example: "Responsibility
for the establishment, implementation and maintenance
of a physical protection regime within a State rests
entirely with that State." Principle A, IAEA Secretariat
Paper No. 13, "Physical Protection Objectives and
Fundamental Principles" attached to February 2001
Working Group report. Op cit.

30. Working Group of the Informal Open-Ended Meeting
to Discuss Whether there is a Need to Revise the
Convention on Physical Protection of Nuclear Material,
Final Report of the Working Group (Feb. 2, 2001),
Attachment 4, Principle C.

31. See Richard Meserve, U.S. Nuclear Regulatory
Commission chairman, "Nuclear Security in the Post-
September 11 Environment," remarks to the National
Press Club, January 17, 2002, available at
http://www.nrc.gov/reading-rm/doc-collections/coin-
mission/speeches/2002/s02-001.html. See also "NRC
Will Order All Nuclear Power Plants and Key Facilities
to Enhance Security," Press Release No. 02-018, U.S.
Nuclear Regulatory Commission, February 14, 2002,
available at http://www.nrc.gov/reading-rm/doc-collec-
tions/news/archive/02-018.html.

32. See, for example, Tatsujiro Suzuki, "Implications of
0911 Terrorism for Civilian Nuclear Industry and its

Response Strategy," presentation to the Japan Atomic
Industrial Forum-Harvard University Nonproliferation
Workshop, January 30-31, 2002.

33. Text available at http://www.whitehouse.gov/
news/releases/2001/12/print/2001121 l-7.html.

34. Office of the Press Secretary, "Fact Sheet:
Nonproliferation, Threat Reduction Assistance to
Russia" (Washington DC: The White House, December
27, 2001).

35. IAEA Press Release, "United States Backs IAEA
Efforts," November 30, 2001.

36. L. Wedekind, "Upgrading Nuclear Security Tops Board
Agenda," February 1, 2002, available at
http ://www.iaea.org/worldatom/Press/News/01022002
_news01.shtml; and IAEA Press Release, "Summary of
Report on Protection Against Nuclear Terrorism;"
November 30, 2001, and IAEA Press Release, "IAEA
Outlines Measures to Enhance Protection Against
Nuclear Terrorism," November 30, 2001.

37. Convention on the Physical Protection of Nuclear
Material, Art. 20.

38. The text of these regulations is in 10 Code of Federal
Regulations Part 73. Some U.S. Department of Energy
and Department of Defense rules for protecting their
nuclear materials are public, but key provisions speci-
fying specific protection standards are not.

39. See Management and Disposition of Excess Weapons
Plutonium, op. cit. For a more detailed discussion of
what such a standard might entail, see George Bunn,
"U.S. Standards for Protecting Weapons-Usable Fissile
Material Compared to International Standards,"
Nonproliferation Review (Fall 1998).

40. U.S. Department of Energy, "Protection and Control of
Safeguards and Security Interests," Order 5632.1C
(Washington DC: DOE, July 15, 1994).

41. Capital cost is reported in BNFL, The Economic and
Commercial Justification for THORP (Risley, UK:
BNFL, 1993), p. 22; estimates for operating costs for a
plant identical to THORP were provided by BNFL in
OECD/NEA, The Economics of the Nuclear Fuel
Cycle, 1994, p. 113. The $15 million/yr figure is from
BNFL input to the BNFL National Stakeholder
Dialogue Waste Working Group, Interim Report
(London, UK: The Environmental Council, February
28, 2000), Appendix 3 (available at http://www. the-
e n v i r o n m e n t - c o u n c i l . o r g . u k / D i a l o g u e /
bnfl_national_dialogue.htm). Total security costs at the
Sellafield site since 1985 are estimated at $375 million,
converted at a 2000 average exchange rate of 1.5.

42. See, for example, Graham Allison and Andrei
Kokoshin, "A US-Russian Alliance Against
Megaterrorism," Boston Globe, November 16, 2001.

43. See, for example, the similar Kurchatov-Brookhaven
proposal described in Alexander Rumyantsev,
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"Collaborative MPC&A Improvements in Russia: An
Evaluation," The Monitor (University of Georgia),
Spring 2001.

44. See Bukharin, Bunn, and Luongo, Renewing the
Partnership, op. cit.; and Matthew Bunn, Oleg Bukharin
and Kenneth Luongo, "Renewing the Partnership: One
Year Later," in Proceedings of the 42nd Annual Meeting
of the Institute for Nuclear Materials Management
(Northbrook, IL: INMM, 2001, available at http://ksg-
notes 1 .harvard.edu/ BCSIA/Library.nsf/pubs/oneyear-
later).

45. See the Baker-Cutler Report Card, op. cit.; Bunn, The
Next Wave, op. cit.; and Matthew Bunn, "New Steps to
Secure Nuclear Material in the Bush Administration,"
in Proceedings of Global 2001: The Back End of the
Fuel Cycle from Research to Solutions (Paris, France:
CEA, September 9-13, 2001, available at http://
ksgnotes 1 .harvard.edu/BCSIA/Library.nsf/pubs/
NewSteps4Bush).

46. George Bunn, Fritz Steinhausler, and Lyudmila
Zaitseva, "Strengthening Nuclear Security Against
Terrorists and Thieves Requires Better Training,"
Nonproliferation Review (Fall-Winter 2001), p. 137. A
paper by the IAEA Secretariat for the Working Group
of the "Expert Meeting to Discuss Whether there is a
Need to Revise the Convention on Physical Protection
of Nuclear Material" describes IAEA training programs
for physical protection. Secretariat Paper No. 9, "IAEA
Physical Protection Training Programme," (June 2000).

47. See Albright, Berkhout, and Walker, Plutonium and
Highly Enriched Uranium 1996, op. cit., and Walker
and Berkhout, Fissile Material Stocks, op. cit.

48. See note 42.
49. In the U.S., which already has NRC performance-test-

ing programs in place, the program should not be turned
over to the reactor operators whose performance is
being tested.

50. The U.S. has been opposing its own proposal—both
because the proposal was unpopular with other coun-
tries in the talks, and because the Department of Energy
argued that bringing U.S. facilities up to INFCIRC
225/Rev. 4 standards would be excessively costly and
have little benefit. See, for example, Marshal D. Koehn
and Joseph D. Rivers, "DOE's Involvement in
Negotiations on the Question of Whether to Revise the
Convention on the Physical Protection of Nuclear
Material," Proceedings of the 42nd Annual Meeting of
the Institute for Nuclear Materials Management. U.S.
regulations are generally performance-based (rather
than the rule-based approach that is still emphasized in
INFCIRC 225), and generally offer even higher levels
of security than called for by INFCIRC 225. DOE reg-
ulations, however, have a different categorization
approach that provides for much lower levels of secu-

rity than called for in INFCIRC 225/Rev. 4 for mixed
materials containing less than 10% by weight pluto-
nium or U-235, such as mixed-oxide fuel. As noted ear-
lier, however, there are strong arguments for changing
these regulations. Particularly in the aftermath of
September 11, the United States would be better off tak-
ing the lead in building toward strong global standards
than undermining progress toward that end to save
money in its own complex.

51. It would be useful to shift increasingly to a more per-
formance-based and less rule-based approach. In addi-
tion, among many other modifications that should be
considered, it would be desirable to add a recommen-
dation that barriers be put in place to protect against
truck bombs.

52. Quoted in Wedekind, "Upgrading Nuclear Security
Tops Board Agenda," op. cit.

53. William J. Cole, "Global Atomic Energy Agency
Confesses Little Can Be Done to Safeguard Nuclear
Power Plants," Associated Press, September 19, 2001.

54. Nuclear Control Institute and Committee to Bridge the
Gap, press release, "Nuclear Power Reactors are
Vulnerable to Terrorist Attack, Watchdog Groups
Warn," September 25, 2001, available at
http://www.nci.org/01 nci/09/pr92501 .htm.

55. For a discussion, see, for example, John P. Holdren,
"Improving U.S. Energy Security and Reducing
Greenhouse-Gas Emissions: The Role of Nuclear
Energy," testimony to the Subcommittee on Energy and
Environment, Committee on Science, U.S. House of
Representatives, 106th Cong., 2nd Sess., Washington,
D.C., July 25, 2000.
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New Members

Michael Beaman
UK Dept. Trade & Industry
B119
4 Abbey Orchard St.
London, SW1P 2HT, UK
+44-20-7215-0748
Fax: +44-20-7215-0745
E-mail: michael.beaman@
dti.gsi.gov.uk

Ludovic Bourva
Canberra Industries
800 Research Parkway
Meriden, CT
203/639-2384
E-mail: lbourva@canberra.com

William B. Chambers
Sandia National Laboratories
P.O. Box 5800, MS 1215
Albuquerque, NM 87185-1215
505/844-3849
Fax: 505/844-8814
E-mail: wbchamb@sandia.gov

Seong Whun Cheon
KINU
P.O. Box 22 Tobong
Kangbuk-ku
Seoul, 142-600 Korea
+82-2-901-2571
Fax: +82-2-901-2543
E-mail: swc339@kinu.or.kr

Lisa Chiang
BWXT-Y12
P.O. Box 8189
Knoxville, TN 378931
865/670-6594
Fax: 865/574-9771
E-mail: chianglg@yl2.doe.gov

Robert Dana
Sandia National Laboratories
P.O. Box 5800, MS 1116
Albuquerque, NM 87158
505/844-6978
Fax: 505/844-8950
E-mail: rmdana@sandia.gov

Mark Dinehart
Los Alamos National Laboratory
P.O. Box 1663, MS E550
Los Alamos, NM 87545
505/667-2335
Fax: 505/665-1235
E-mail: mdinehart@lanl.gov

Ersel A. Evans
Park Row #45
701 Kettner Blvd.
San Diego, CA 92101
619/232-6696
Fax: 619/232-6697
E-mail: ersel3@home.com

Chitoshi Fujita
The Japan Atomic Power Co.
1-6-1 Otemachi Chiyoda-ku
Tokyo, 100-0004 Japan
+81-3-3201-6631
Fax: +81-3-3201-4073
E-mail: chitoshi-fujita@japco.co.jp

Michael Henry
DOE MPC&A Technical Survey Team
6100 Cortaderia St. NE #3815
Albuquerque, NM 87111
505/828-2382
Fax: 505/828-2382
E-mail: mahenry@worldnet.att.net

Motohiro Ito
NTT DATA Communications

Systems Corp.
MY Bldg 4F 3-4-1 Nishi Shinbuashi
Minato-ku
Tokyo, 105-0003 Japan
+81-3-5402-3867
Fax: +81-3-3437-9208
E-mail: itournth@nttdata.co.jp

Kih-Soo Joe
KAERI
P.O. Box 105 Yusong
Taejon, 305-353 Korea
+82-42-868-2467
E-mail: ksjoe@kaeri.re.kr

Lawrence Johnson
Dept. of Trade and Industry
UK Safeguards Office
Bay 118
4 Abbey Orchard St.
London, SW1P 2HT, UK
+44-20-7213-0747
Fax: +44-20-7215-0745
E-mail: lawrence.johnson@
dbi.gsi.gov.uk

Patrick Kelly
S. Cohen & Associates
6858 Old Dominion Drive
Suite 301
McLean, VA 22101
Phone: 703/893-6600
Fax: 703/821-8236
E-mail: ptkstl@aol.com

Tom Killeen
P.O. Box 200, RmA1301
Vienna, A-1400 Austria
+43-2600-26364
E-mail: t.killeen@iaea.org

Yuichiro Matsuo
The Kansai Electric Power Corp.
3-22 3-chome Nakanoshima
Kita-ku
Osaka, 530-8270 Japan
81+06-6441-8821
Fax: 81+06-6444-6252

William McCarthy
Dept. of Trade and Industry
Bay 121
4 Abbey Orchard St.
London, SW1P 2HT, UK
+44-207-215-0690
Fax: +44-207-215-0745
E-mail: bill.mccarthy@dti.gsi.gov.uk
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Michael McGough
NAC International
655 Engineering Drive
Suite 200
Norcross, GA 30092
678/328-1300
Fax: 678/328-1500
E-mail: mmcgough@nacintl.com

Yasushi Miura
Japan Nuclear Cycle Development

Institute
4-33 Muramatsu, Tokai-Mura
Naka-gun
Ibaraki-ken, 319-1194 Japan
+81-029-282-1111
Fax: +81-029-282-3732
E-mail: miu@tokai.jnc.go.jp

Susumu Muraoka
Nuclear Material Control Center
Toranomon llth Mori Bldg.
Toranomon 2-6-4 Minato-ku
Tokyo, 105-0001 Japan
+81-3-3539-7704
Fax: +81-3-3593-2550
E-mail: muraoka@jnmcc.or.jp

Tetszo Oda
Japan Atomic Energy Research
Institute
2-4 Shirakata Shirane, Tokai-mura
Naka-gun
Ibaraki, 319-1195 Japan
+81-029-282-6781
Fax: +81-29-282-5545
E-mail: oda@sglsun.tokai.jaeri.go.jp

Adedapo Odulaja
IAEA
Wagramgrstr 5,
P.O. Box 200, Rm. A1232
Vienna, A1400 Austria
+43-1-2600-26304
Fax: +43-1-2600-29140
E-mail: a.odulaja@iaea.org

David Otwoma
IAEA
Wagramgrstr 5
P.O. Box 200, Rm. A1677
Vienna, A1400 Austria
+43-1-2600-22095
E-mail: d.otwoma@iaea.org

Charles Pearsall
IAEA
Wagramgrstr 5
P.O. Box 200, Rm. 1968
Vienna, A-1140 Austria
+43-1-2600-21913
Fax: +43-1-260029783
E-mail: c.pearsall@itea.org

Robert J. Rhoades
Sandia National Laboratories
P.O. Box 5800, MS 1215
Albuquerque, NM 87185-1215
505/284-4319
Fax: 505/844-8814
E-mail: rjrhoad@sandia.gov

Xavier Rincel
COGEMA
BP4
VelizyCedex,F-78141
France
+33-1-3926-3632
Fax: +33-1-3926-2701
E-mail: xrincel@cogema.fr

Eric Sanders
WASTREN Inc.
900 Trail Ridge Rd Ste 2A
Aiken, SC 29802
803/725-9640
Fax: 803/725-8487
E-mail: eric.sanders@wastren.com

Junichi Tanaka
IAEA
Wagramgrstr 5
Box 100, Rm.A2132
Vienna, A-1400 Austria
E-mail: jtanaka@iaea.org

Ian Upshall
UK Nirex Ltd.
Curie Ave.
Harwell International Business Center
Didcot Oxfordshire, OX11 ORA, UK
+44-1-440-70-31
Fax: +44-1-440-70-32
E-mail: ian.upshall@nirex.co.uk

Mary E. White
University of New Mexico
ATR Institute
1001 University Blvd. SE #103
Albuquerque, NM 87106
505/246-6483
Fax: 505/246-6001
E-mail: carino@unm.edu

John Wilson
MacKinzie Wilson International
NeustiftAmWalde53
Vienna, A-l 190 Austria
+43-1-440-70-31
Fax: +43-1-440-70-32
E-mail: johnwilson@compuserve.com

Katsuyuki Yamazaki
Technical Division
Japan Nuclear Cycle Development Inst.
2-2-10 Tonoyama-cho Hitachinaka-shi
Ibaraki-ken, 311-1212 Japan
+81-29-263-2711
E-mail: yamazaki@tokai.jnc.go.jp
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Member News Highlights

As I mentioned in the last issue, INMM
is a completely member-driven organi-
zation. For this reason, we appreciate
the many hours that members put in to
specific areas of this organization in
order to make it both active and effec-
tive. These hours are unpaid and reflect
the dedication of these members to the
cause of promoting the safe and appro-
priate management of nuclear material.

In light of this, it is always difficult
for us to see a member who has been
active decide to step down, but we
understand the need to do so. After
many years as the chair of the Packaging
and Transportation Technical Division,
Billy Cole resigned from that role on
March 15. While we are sorry to see him
leave this post, we envy his reasons for
doing so: retirement and the desire to
spend his time engaged in less stressful
activities, such as riding his Harley. We
wish him all the best and hope to see
him often at future INMM meetings.

Another long-time member of
INMM, John Immele, was recently
named deputy director for national secu-
rity at Los Alamos National Laboratory.
Immele had been the program director
for nuclear materials management in the
threat reduction directorate, and previ-
ously headed Los Alamos' nuclear
weapons program. Immele's back-
ground spans a wide range of scientific
leadership efforts in the area of nuclear
materials management at both Los
Alamos and Lawrence Livermore
National Laboratory, with extensive
experience in nuclear and non-nuclear
national security areas. He has served in
the Washington, D.C. Office of
Nonproliferation and National Security,
and with the newly formed National
Nuclear Security Administration
Planning Office. When you see John,
congratulate him on this outstanding
recognition of his skills in strategic
thinking and analysis.

We continue to welcome new mem-
bers from all over the world and look
forward to the contributions that each of
these individuals will make to the goals
of INMM. Since the last issue of the
JNMM, 32 new members have been
added. We welcome each of them.
When you receive your copy of the 2002
Membership Directory, I am confident
you will again be impressed with the
wealth of experience and knowledge
that is represented by our members. If
you want to be included in our 2003
Membership Directory, be sure to join
or renew before December.

As always, if you have any news about
an INMM member, be sure to keep your
colleagues informed by contacting either
me at scott.vance@shawpittman.com or
our JNMM Managing Editor Patricia
Sullivan at psullivan@inmm.org. Please
include photographs when possible.
Submitted by Scott Vance
INMM Membership Committee Chair

Author Submission Guidelines
The Journal of Nuclear Materials Management is the offi-

cial journal of the Institute of Nuclear Materials Management.
It is a peer-reviewed, multidisciplinary journal that publishes
articles on new developments, innovations, and trends in safe-
guards and management of nuclear materials. Specific areas of
interest include physical protection, material control and
accounting, waste management, transportation, nuclear nonpro-
Meration/totemational safeguards, and mm control and verifica-
tion. JNMM also publishes book reviews, letters to the editor,
and editorials.

Submission of Manuscripts: JNMM reviews papers for
publication with the understanding that the work was not
previously published and is not being reviewed for publication
elsewhere. Papers may be of any length,

Papers should be submitted in triplicate, including a copy
on computer diskette. Files should be sent as Word or ASCII
text files only. Graphic elements auist be sent in TIFF format in
separate electronic files, Submissions should be directed to:

Dennis Mangan
Technical Editor
Journal of Nuclear Materials Management
GO Revere Drive, Suite 500
Norfthrook, E, 60062 USA

Papers ace acknowledged upon receipt and are submitted
promptly for review and evaluation. Generally, the authors) is
notified within 60 days of submission of the original paper
whether the paper is accepted, rejected, or subject to revision.

Format: All papers must include:
* Author(s)' complete name, telephone and fax numbers,

and E-mail address
* Name and address of the organization where the work

was perfonned
* Abstract
* Camera-ready tables, figures, and photographs in TIFF

format only
* Numbered references in the following format:

1, Jones, F.T, and L.K. Chang. 1980. Article Title.
Journal 47(No> 2>: 112-418.
2, Jones, F.T. 1976. Hffe of Book, New York:
McMillan Publishing.

* Authors) biography

Peer Review: Each paper Is reviewed by two or more asso-
ciate editors. Papers arc evaluated according to their relevance
and significance to nuclear materials safeguards, degree to
which they advance knowledge, quality of presentation, sound-
ness of methodology, and appropriateness of conclusions.

Author Review: Accepted manuscripts become the perma-
nent property of INMM and may not be published elsewhere
without permission from the managing editor. Authors are
responsible far all statements made in their work.

Reprints: Reprints may be ordered at the request and
expense of the author.' Contact Patricia Sullivan at
psttDivan@innttn.org or 847/480-9573 to request a reprint.
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Nuclear Industry Experts Join Management and Board of ATI Nuklear AC

Advanced Technology Industries, Inc.
announced that it has completed the for-
mation of ATI Nuklear AG (AG), a
wholly owned subsidiary of Advanced
Technology Industries, Inc. AG has been
formed to consolidate all of ATI's
nuclear waste remediation technologies
and services. The focus of the company
is on nuclear waste remediation
throughout Europe, Russia, and the
countries of the former Soviet Union.
AG is actively engaged in numerous
projects and nuclear waste remediation
applications.

Several noted nuclear industry
experts have recently been appointed to
the management team and board of
directors of the AG.

Dr. Juergen P. Lempert has joined
AG as its chief executive officer.
Professor Alexander Kaul and Dr.
Norbert Eickelpasch have joined the AG
board. Kaul will serve as chairman.
Joining them on the board will be Hans-
Joachim Skrobanek, president of ATI.
Additionally, James G. Burritt has
joined as senior vice president of AG.

Lempert, a noted nuclear industry
expert with more than twenty-nine years
of industry experience in the nuclear
remediation field, will be responsible
for overseeing all of the AG's daily
operations, strategic planning, and
product development programs. He has
previously held positions with Deutsche
Gesellschaft zum Bau und Betrieb von
Endlagern fur Abfallstoffe mbh and
Brown Boveri Reaktor GmbH.

For more information, contact
avdiinfo@look.ca.

24 Years, $4 Billion and Secretary
of Energy Recommends Yucca
Mountain Site to Bush
As required by the Nuclear Waste Policy
Act, on January 10, 2002, Secretary of
Energy Spencer Abraham notified
Nevada Governor Kenny Guinn and the

Nevada state legislature of his intention
to recommend to President Bush that the
Yucca Mountain site is scientifically
sound and suitable for development as
the nation's long-term geological repos-
itory for nuclear waste.

DOE statements characterized the
Yucca Mountain site as one that will
help ensure America's national security
and secure disposal of nuclear waste,
provide for a cleaner environment, and
support energy security.

Also in January, the Department of
Energy issued a statement welcoming a
report of the Nuclear Waste Technical
Review Board (NWTRB) about the
ongoing scientific study of Yucca
Mountain that provided valuable inde-
pendent confirmation of a critical con-
clusion reached after twenty-four years
and $4 billion of research. The Board
stated, and DOE agrees, that "no indi-
vidual technical or scientific factor has
been identified that would automatically
eliminate Yucca Mountain from consid-
eration as the site of a permanent repos-
itory" for the country's nuclear waste.

In addition, the Department also
agrees with the Board's recommenda-
tion that the Department "continue a
vigorous, well-integrated scientific
investigation to increase its fundamental
understanding of the potential behavior
of the repository system."

The Department said Secretary
Abraham welcomed the Board's report.
"The Department welcomes the Board's
statement that 'no individual technical
or scientific factor has been identified
that would automatically eliminate
Yucca Mountain from consideration.'
Moreover, the Department fully agrees,
and believes that such a course of
research, as contemplated by both the
Board and the Secretary, will increase
confidence in long-term projections of
repository performance," Under Sec-
retary of Energy Robert Card said.

"The Secretary is committed to
ensuring the safety of citizens of Nevada
and of the nation, a timely recommenda-
tion on a repository, and an ongoing
course of research that would last so
long as the repository is in its operating
and monitoring period — as much as
100-300 years after its opening," Card
said. "The Secretary looks forward to
working with the Board in developing
and conducting a course of research for
the future."

The Department also agrees with
another of the Board's findings that,
"[e]liminating all uncertainty associated
with estimates of repository perform-
ance would never be possible at any
repository site." The Department is
committed to reducing uncertainties
with estimates of performance thou-
sands of years in the future, and will
continue to prove its commitment
through aggressively seeking and utilizing
resources for important research, Card
explained.

In addition, the DOE notes that the
Board did not disagree with the
Department that a repository at the site
would be safe throughout its operating
and monitoring period, hundreds of
years into the future. In fact, Card said,
no legitimate scientific organization dis-
agrees on this issue.

The Board also recognized in its
report that it is a matter of policy on
whether to proceed. If the president
decides to recommend the site, the state
of Nevada will have the opportunity to
disapprove the recommendation,
meaning that Congress would ulti-
mately have the responsibility for desig-
nating a site for development. Proper
exercise of this responsibility, along
with the power of the Congress to fund
the important research recommended by
the Board, NRC, and the Department,
will ensure that this project is conducted
in the safest manner possible.
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"The Board's review of the twenty-
four years of scientific study at Yucca
Mountain is important, as is the decision
on whether or not to address the coun-
try's nuclear waste problem at this time,
given the impacts to national security,
environmental protection, and continued
clean-up of nuclear waste," Card said.
He noted also that spent nuclear fuel and
high level radioactive waste is currently
scattered across 131 sites in thirty-nine
states.

New Canberra Inc. Formed
The formation of the new Canberra Inc.,
headquartered in Meriden, Connecticut
U.S.A., was announced in January.
Canberra Inc., is a wholly owned sub-
sidiary of COGEMA, Inc., which in
turn is a part of the recently formed
AREVA Group.

The new Canberra is composed of
two main groups — Canberra Industries
Inc., based in Meriden, and Canberra-
Eurisys S.A., based in Montigny,
France. Both organizations are responsi-
ble for manufacturing and engineering
specific product lines as well as sales
and service for all product lines in spe-
cific geographical areas.

Canberra Industries Inc. includes
elements of the former Aptec-NRC,
which was merged into Canberra in
June 2001. In total, Canberra Industries
operates five production facilities in the
United States, two in the United
Kingdom, one in Canada, and one in
Belgium.

Canberra Eurisys, S.A., consists
principally of the former Eurisys-
Mesures. It operates four production
facilities in France and wholly owned
sales, service, and application facilities
in France, Belgium, and Germany.

The AREVA Group was formed last
year by the combination of CEA-
Industrie, COGEMA, Framatome ANP,
and FCI. The AREVA Group is a world
leader in nuclear power, present in every
aspect of the nuclear power cycle, from
mining to facility decommissioning,
including both reactor and fuel fabrica-
tion. In 2001, AREVA Group revenues
exceeded $9 billion.

"Combining the strongest compa-
nies in the nuclear measurements field
under the well established Canberra
name demonstrates our commitment to
the nuclear measurements business,"
said Christian Petit, Canberra Inc., chief
executive officer. "Now backed by
AREVA, Canberra is the only company
in nuclear measurements with a 100 per-
cent focus on the nuclear industry. We
are well positioned to continue to
expand our position in all facets of the
radiation measurement field."

For more information on Canberra
Inc., access http://www.canberra.com.

ORTEC Gets Patent for Improved
Dead-Time Correction Technique
Advanced Measurement Technology
Inc. announced in January that ORTEC
received a patent for an improved dead-
time correction technique enhancement

that provides valuable improvements to
accuracy in gamma-ray spectrometry.

ORTEC Spectroscopy products have
been granted a patent for the implemen-
tation of Zero Dead Time (ZDT) loss-
free counting correction.

ORTEC DSPECplus is the first
instrument to use a completely digital
zero dead-time method for loss-free
counting that is fully automatic and also
gives the uncertainty for each channel in
the corrected spectrum. The innovative
technology in this method allows ZDT
to be used in any spectroscopy system
by operators of any experience level.

All gamma-ray spectroscopy sys-
tems suffer from dead-time related data
losses at high-data rates. The traditional
methods, which extend the acquisition
time to allow for lost data, are inaccurate
when the sample has varying data rates.
The more recent dynamic methods,
which correct the data in real time, and
thus solve the problem of varying count
rates, are unable to calculate the uncer-
tainty on the corrected spectral data.

The patented ZDT method for the
first time enables the spectroscopy sys-
tem to dynamically correct the spectral
data for losses while maintaining a vari-
ance spectrum from which the uncer-
tainty in the corrected spectrum is easily
and accurately obtained.

For more information, access
http://www.ortec-online.com.
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Meet the Member: Yvonne Ferris

Name: Yvonne Ferris
INMM Member Since: 1972
Technical Division Affiliation:
International Safeguards, Materials
Control and Accountability, Nonpro-
liferation and Arms Control, and Waste
Management

In 1956, a woman in the nuclear materi-
als management industry was an
uncommon sight. But Yvonne Ferris
began her career that year at Rocky
Flats in materials control and accounta-
bility and quality control. She remained
there for the next twenty-one years,
until a two-year stint at the
International Atomic Energy Agency in
Vienna. After her work at the IAEA,
Ferris returned to Rocky Flats. In 1991,
she was detailed to Washington D.C.,
and in 1992, she retired from Rocky
Flats. She then joined the Science
Application International Corp. (SAIC)
as a senior technical analyst where she
stayed until she joined GEM
Technology in 1995.

"When I first started at Rocky Flats,
women were fired if they became preg-
nant. Women were not permitted to go
in the hot areas. Women were not per-
mitted to travel because they could not
share a room with anyone else in the
party. Men never shared a room, you
understand, but that was beside the
point," she said. But Ferris had supervi-
sors who challenged these rules and her
career flourished. "I was permitted to go
into the hot areas. (How can one cali-
brate a tank filled with plutonium nitrate
from one's desk?) And I traveled as
much as anyone else. As in any disci-
pline, if one is professional, fair, dedi-
cated, and courteous, one is welcomed
on the team," she said.

Today, Ferris is a senior safeguards
scientist at U.S. Department of Energy
headquarters in Germantown, Maryland.
She assists, oversees, and audits all

phases of domestic and international
safeguards. Her work includes measure-
ment methodology, measurement equip-
ment, statistics, accounting, chemistry,
physics, electronics, and materials con-
trol, she said.

Ferris joined the Institute of Nuclear
Materials Management in 1972, and
since that time has held a variety of
leadership positions. She is an INMM
past president, serving in that role in
1985-86. She also has served as a
member of the Executive Committee;
program chair; vice chair of the
Institute; nominations committee chair;
and as vice chair of the N-15
Committee. Currently, Ferris serves as
the Awards Committee chair.

Recognizing the best and brightest in
the nuclear materials management pro-
fession is something that Ferris enjoys
tremendously. She and the Awards
Committee work diligently to honor
professionals who give so much to the
industry and to the INMM. "I enjoy the
Awards Committee because it allows me
and my fellow committee members to
give something back to the members
and the global contributors who have
given so much to the safeguards com-
munity," she said.

The awards "provide a means of
recognition for outstanding service in
the safeguards disciplines or to the
Institute of Nuclear Materials
Management," Ferris said. Nominating
someone for an award is very simple:

How are we doing? •

Meet the Member is a new feature the JNMM has introduced in jteoeat festafep
and we'd Hke your feedback. Do you enjoy reading about oter JNfldM nKaEnttSi^i
Do you know someone INMM menders should know better? '\' .r!

Send your suggestions, feedback, and ideas to JNMM Managing Editor
Sullivan at ps«Hivan@innim,org,

"One writes a nomination letter to the
Awards Committee and describes the
individual's accomplishments and con-
tributions to the industry or the Institute,
depending on the award. This needs to
be fairly detailed as we get many nomi-
nations and must be able to judge which
is the more deserving candidate," she
said. The committee also asks for letters
from several of the individual's peers
supporting the nomination for the
award. (For more information on the
INMM Awards programs, access the
INMM Web site at www.inmm.org.)

Ferris today lives in Bethesda,
Maryland. She was born in East St.
Louis, Illinois — in the same hospital as
tennis champion Jimmy Connors, she
noted.

Outside of nuclear materials man-
agement and her INMM work, Ferris
travels extensively. "I like the paths less
traveled," she said. "My most memo-
rable trips are Kenya, Antarctica, and
the Panama Canal. I look forward to
taking the train across the Australian
outback, traveling on the Trans-Siberia
railway, and hiking through Banff and
Lake Louise. I have so many places I'd
like to visit, I'll have to live to be 110 to
get them all in."
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Book Review

Editor's Note: This book review is the
first in what we hope will again become
a regular feature of JNMM. Thanks to
Book Review Editor Walter Kane and
Reviewer Joseph Indusi for their efforts
here. Please forward your recommenda-
tions for books for this section to
Managing Editor Patricia Sullivan at
psullivan @ inmm. org.

The Design and Evaluation of Physical
Protection Systems
By Mary Lynn Garcia
Butterworth and Heinemann, 2001
ISBN 0-7506-7367-2
Reviewed by Joseph P. Indusi
The Design and Evaluation of Physical
Protection Systems, by Mary Lynn
Garcia, is a significant contribution to
the field of physical protection systems.
It fills the need for a systematic exposi-
tion of physical protection systems
design and evaluation. It provides a text-
book for teaching an introductory
course or can be used for self study to
gain an understanding of the elements of
physical protection systems. The book
also provides sufficient background and
detail to serve as a reference manual for
many physical protection components.

The material is divided into three
main parts: Determining System
Objectives, Designing the Physical
Protection System, and Analysis and
Evaluation. The bulk of the material is
in the second section on physical pro-
tection system design. It covers the ele-
ments of detection, delay and response,
and the implementation of these ele-
ments through chapters on exterior and
interior intrusion detection, alarm
assessment, alarm communication and
display, entry control, access delay, and
response.

The first area discusses a number of
important issues including the facility
operations, regulatory requirements,
legal issues, and safety considerations.
This is followed by a discussion of the

threat definition and includes tables for
qualitatively ranking the potential
threats from potential adversaries. There
is also a discussion of design basis
threats for a given type of facility. The
last section covers target identification
and those areas of the facility to be pro-
tected. It introduces the use of logic dia-
grams for large facilities where there are
multiple targets and complex relation-
ships among the subsystems of the targets
or vital areas of the facility. This material
is relevant to a single facility and provides
the proper background for proceeding to
the design stage.

As stated earlier, the majority of the
book is devoted to the second part on
physical protection system design. The
chapters are very well written and
provide sufficient detail to serve as a
reference manual and beginning point
for more in-depth study of a particular
subject. This material is based in large
part on many years of development and
testing of physical security systems and
components carried out at Sandia
National Laboratories. Many of the topics
covered here involve computer systems
and other electronic components and

over time there will be significant
advances in these technologies. How-
ever, this book will continue to provide
useful information in these areas.

The third part of the book covers
analysis and evaluation and is based on
the analysis of adversary paths. Key to
the analysis is evaluating the probability
that the adversary sequence of actions or
path will be interrupted by the elements
of the physical protection systems. The
next section discusses quantitative ana-
lytical computer models and focuses on
the EASI (Estimate of Adversary
Sequence Interruption) model that
traces its beginnings back to the 1970s.
An appendix provides an example of
EASI using a Microsoft Excel applica-
tion. The last section deals with the con-
cept of risk assessment, which is a func-
tion of the probability of an adversary
attack, the probability of adversary
interruption, and the consequences of a
successful attack. These are related by
the equation:

R = Risk = PA * [1-PJ * C

where PA is the probability of attack, P,
is the probability of interruption, and C
is the consequence value which ranges
from 0 to 1. While the probability of
attack, PA, can only be estimated, it is
instructive to understand the concept of
risk and to evaluate the risk, R, under
different assumptions on the probability
of attack.

In summary, this book represents a
significant contribution to the field of
physical protection systems and pro-
vides a useful reference for those
involved in physical security system
design and operation.

Joseph P. Indusi is chair of the
Nonproliferation and National
Security Department of Brookhaven
National Laboratory in Upton, New
York, U.S.A.
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Calendar

April 18-20, 2002
12th Annual International Arms
Control Confernece, Albuquerque,
New Mexico, U.S.A. Sponsored by
Sandia National Laboratories. Contact:
Evangeline Clemena, conference coor-
dinator, Sandia National Laboratories,
P.O. Box 5800, MS 1203, Albuquerque,
NM 87185-1203; E-mail, edcleme@
sandia.gov.

April 30-May 1, 2002
North America Young Generation in
Nuclear, The Ritz-Carlton at Tiburon,
Naples, FL. U.S.A. Sponsored by the
Nuclear Energy Institute. Contact: Sonja
Simmons, Nuclear Energy Institute,
1776 I St. NW, Suite 400, Washington,
DC 20002; phone, 202/739-8042; fax,
202/785-4019; E-mail, sss@nei.org.

May 1-3, 2002
Nuclear Energy Assembly, The Ritz-
Carlton at Tiburon, Naples, FL, U.S.A.
Sponsored by the Nuclear Energy
Institute. Contact: Lisa Steward, Nuclear
Energy Institute, 1776 I St. NW, Suite
400, Washington, DC 20002; phone,
202/739-8006; fax, 202/293-3056; E-
mail, lis@nei.org.

June 23-27, 2002
43rd INMM Annual Meeting,
Renaissance Orlando Resort, Orlando,
Florida, U.S.A. Sponsor: Institute of
Nuclear Materials Management.
Contact: INMM, 60 Revere Drive, Suite
500, Northbrook, IL 60062; phone,
847/480-9573; fax, 847/480-9282; E-
mail, inmm@inmm.org; Web site,
http://www.inmm.org.

October 14-18, 2002
Safe Decommissioning for Nuclear
Activities: Assuring the Safe Term-
ination of Practices Involving Radio-
active Materials, Pro Arte Hotel Berlin,
Berlin, Germany. Sponsor: International
Atomic Energy Agency. Contact:
IAEA, IAEA-CN-93, Vienna Inter-
national Centre, Wagramer Strassse 5,
P.O. Box 100, A-1400 Vienna, Austria;
E-mail, official.mail@iaea.org; Web
site, http://www.iaea.org.

October 16-18, 2002
Americas Nuclear Energy Sym-
posium (ANES 2002), The Biltmore
Hotel, Miami, Florida, U.S.A. Sponsors:
The U.S. Department of Energy and the
American Nuclear Society. Contact:
Caroline Raffington; phone, 305/348-
5016; E-mail, anes2002@hcet.fiu.edu;
Web site, http://www.anes2002.org.

November 4-8, 2002
International Symposium on Nuclear
Power Plant Life Management,
Budapest, Hungary. Sponsors: Inter-
national Atomic Energy Agency. Hosts:
the government of Hungary through the
Hungarian Nuclear Society. Contact: K.
Morrison, Conference Service Section,
Division of Conference and Document
Services, IAEA, Vienna International
Centre, Wagramer Strassse 5, P.O. Box
100, A-1400 Vienna, Austria; E-mail,
K.Morrison@iaea.org; Web site, http://
www.iaea.org.

December 2-6, 2002
International Conference on Safety
Culture in Nuclear Installations, Rio
de Janeiro, Brazil. Sponsor: Inter-
national Atomic Energy Agency. Host:
the government of Brazil in cooperation
with Eletrobras Termonuclear S.A. -
Eletronuclear and Industrias Nucleares
Brasileiras. Contact: Hildegard Schmid,
Conference Service Section, MTCD,
International Atomic Energy Agency,
IAEA-CN-97, P.O. Box 100, Wagramer
Strasse 5, A-1400 Vienna, Austria;
phone, (+43) 1-2600-21316; fax, (+43)
1-26007; E-mail, Hildegard.Schmid®
iaea.org; Web site, http://www.iaea.org.

January 15-17, 2003
INMM Spent Fuel Management
Seminar XX, the Loews L'Enfant Plaza
Hotel, Washington, D.C. U.S.A.
Sponsor: Institute of Nuclear Materials
Management. Contact: INMM, 60
Revere Drive, Suite 500, Northbrook, IL
60062; phone, 847/480-9573; fax,
847/480-9282; E-mail, inmm@inmm.org.
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