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INMM PRESIDENTS MESSAGE

Good Things Are Happening in INMM

In earlier mes-
sages, I expressed
my optimism
about the future
of INMM and
especially 2001.
Many good things
are already hap-
pening;

I am pleased to see more information
exchanged about technical division and
chapter activities and among members.
Much of this is due to e-mail and your
willingness to share information. As a
result, we are going to have a stronger
organization.

We have already sponsored one very
successful division workshop—the Spent
Fuel Management Seminar—and have
others in the planning stages. Plans for
PATRAM (Packaging and Transportation
of Radioactive Materials) are moving
along very well. The U.S. Department of
Energy sponsors this meeting which will
be held at the Chicago Hilton and
Towers, September 3-7, in cooperation
with the International Atomic Energy
Agency. This year INMM is hosting
PATRAM. Attendance is expected to
equal the INMM Annual Meeting atten-
dance. Billy Cole, chair of the INMM
Packaging and Transportation Division,
deserves credit for INMM being asked to
host this meeting. Billy, with the assis-
tance of the INMM headquarters staff, is
doing most of the work in planning this
meeting. For more information, see the
PATRAM Web site at www.patram.org.

Planning for the 42nd INMM Annual
Meeting, at the Renaissance Esmeralda
Resort, Indian Wells, California, July 15-
19, is also moving along well. A wide
variety of papers have been chosen for
presentation. These, coupled with our
strong opening and closing plenary ses-
sions, should make this annual meeting
even better than past meetings.

The International Safeguards

Division is planning to have a special
summer 2001 issue of JNMM. They
anticipate several papers on integrated
safeguards and an associated session at
the annual meeting.

I mentioned in my last column that I
attended the INMM/ES ARDA Workshop
on Science and Modern Technology for
Safeguards, November 12-16, in Tokyo.
The purpose of this workshop was to
discuss nuclear safeguards and nonpro-
liferation issues facing the world today.
It brought technologists from numerous
fields together with safeguards experts
for technical communications and tech-
nological integration. For more informa-
tion, see Cecil Sonnier and Steve
Dupree's summary on page 4.

A major revelation for me was learn-
ing that the need for electrical energy
that is acute and rising among East
Asian countries. This need will mostly
be filled with nuclear-power generated
electricity. Large-scale power reactors
in Japan and South Korea deliver 30 per-
cent and 43 percent of their nations'
electricity respectively. Japan has fifty-
two nuclear power reactors and Korea
has sixteen in operation and these num-
bers are increasing.

I also attended the INMM Spent Fuel
Management Seminar XVIII, January
10-12, in Washington, D.C. This seminar
affords attendees the opportunity to
informally and actively participate in the
discussions and interface with experts in
the research and development, design,
engineering, siting, licensing, construc-
tion, and operation of spent fuel manage-
ment equipment and facilities—as well
as with program managers and policy-
makers. It was rewarding to learn more
about this important aspect of nuclear
materials management. Major objections
to the use of nuclear energy in the United
States (in addition to safety and the gen-
eral fear of radiation) were the cost of
nuclear-generated electricity and what to

do with the nuclear waste. Steve Kraft of
the Nuclear Energy Institute reported that
the generation of electrical power with
nuclear energy was $0.0183 per kilowatt-
hour and was now cheaper than coal-,;
oil-, and gas-generated electrical power.
He also pointed out that although we do
not have the issue of very long-term stor-
age of nuclear waste material solved, we
certainly do know how to transport it and
to store it safely in interim-storage sites.
The expectation of most of the attendees
seemed to be that the long-dormant inter-
est in building new nuclear power plants
is about to end. It may even be acceler-
ated in the United States with the current
electrical energy crisis in California. This
renewed interest in nuclear power will
allow INMM safeguards experts to con-
tinue to contribute to our nation's well
being. The technical papers in this issue
of JNMM were all presented at the Spent
Fuel Management Seminar.

I encourage you to start making plans
now to attend the 42nd INMM Annual
Meeting. Division meetings and a golf
tournament are set for Sunday, July 15.
The technical division meetings promise
to be more useful than ever. You'll
receive more information on the techni-
cal division meetings in advance. The
hotel registration deadline is June 15 and
the reduced preregistration rate for the
meeting is available through June 25.
Registration and other information about
INMM are available on the INMM Web
site at http://www.inmm.org.

James D. Williams
INMM President
Sandia National Laboratories
Albuquerque, New Mexico, U.S.A.
202/586-3755
Fax: 202/586-3617
E-mail: jdwilli@sandia.gov or
jim. Williams @ hq. doe. gov

JNMM Spring 2001



TECHNICAL EDITOR'S MESSAGE

Perspectives on Spent-Fuel Management

This edition
of the Journal
has interesting
articles address-
ing waste man-
agement issues.
They are fun
reading. These
papers were pre-

sented at the INMM Spent Fuel
Management Seminar XVIII held in
Washington, D.C. in January.

Ed Johnson, chair of the INMM
Waste Management Technical Division,
suggested these papers for publication
in the Journal.

The first paper, R&D Program for
Interim Storage of Spent Fuel in
CRIEPI, by A. Okumura, K. Shirai, and
T. Saegusa of the Japan's Central
Research Institute of Electric Power
Industry, describes some of the efforts
underway in Japan. In the second paper,
International Atomic Energy Agency
Safeguards Impacts on Geological
Repositories, Bruce Moran of the U.S.
Nuclear Regulatory Commission pro-
vides a nice summary of the approaches
being considered by the International
Atomic Energy Agency to safeguard
geological repositories. (This brought
back memories to me personally as I
was on the first U.S. delegation to par-
ticipate in discussions at the IAEA on
geological repository safeguards.)

The third paper, authored by D.
Methling, R. Diersch, and H. Spilker of

GNB Gesellschaft fur Nulear-Behalter,
and titled, CASTOR® X/32S Design and
Licensing Status, provides good infor-
mation on their spent-fuel storage and
transportation cask. Finally, the paper
by the IAEA's Peter Dyck, Spent Fuel
Storage Overviews on a World Wide
Basis, summarizes almost every thought
one might have regarding the present
and future of spent-fuel storage and
needs. I feel confident that this article
will be referenced quite frequently in
future articles.

I am looking forward to the summer
issue of the Journal. Jim Larrimore, chair
of our International Safeguards Division,
has gathered numerous papers from dif-
ferent countries addressing integrated
safeguards (also know as integrating
INFCIRC's 153 and 540). These types of
issues somehow serve as benchmarks for
the specific topics they address.

I note with interest the new members
listed in this issue. If you are a member
and know any of the new members,
please give them a call and welcome
them into the Institute.

We continue to include reports from
the chapters, the technical divisions, and
some of our standing committees. I
hope you find these articles interesting.
We are attempting to provide this infor-
mation to generate interest in these parts
of the Institute. Should you have an
interest, please do not hesitate to contact
the representative of the chapter, divi-
sion, or committee.

I note that the Awards Program for
the 42nd Annual Meeting just arrived in
the mail. I would like to remind mem-
bers that now is the time to nominate a
deserving person for the awards that the
INMM provides.

Finally, I believe our peer review
process continues to run smoothly con-
sidering that it is still in its infancy.
Assistant Technical Editor Steve Dupree
is doing an outstanding job implement-
ing this process. Likewise, those who
actually do the reviews are making
excellent efforts.

At the INMM Annual Meeting each
year, I convene a meeting of those who
directly support the JNMM (INMM
headquarter staff, the assistant technical
editor, and the associate editors) to dis-
cuss the JNMM and its future. Should
you have any comments regarding the
Journal, or have some visionary thoughts
about it, please contact one of us. We are
listed on the top left on page 1.

As always, should you have any
questions or comments, please feel free
to contact me.

Dennis L. Mangan
Technical Editor
Sandia National Laboratories
Albuquerque, New Mexico U.S.A.
Phone 505/845-8710
Fax: 505/844-8814
E-mail: dlmanga@sandia.gov
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INMM NEWS

Ten Nations Participate in Third ESARDA/INMM Workshop

The Third Workshop on Science and
Modern Technology for Safeguards
examined social and political issues as
well as science and engineering research
that could have applications to interna-
tional safeguards, according to Stephen
A. Dupree, a member of the INMM
International Safeguards Technical
Division.

The event, sponsored by the INMM
and the European Safeguards Research
and Development Association
(ESARDA), was hosted jointly by the
INMM Japan and Korea chapters and
held at the International House of Japan.
Ninety-three participants from ten
nations and the IAEA, EURATOM, and
ABACC attended the four-day event
last November in Tokyo.

After an opening plenary session,
participants were divided into four
working groups. The members of each
group concentrated on specific ongoing

research and current topics of interest in
one of four topical areas:

• Regional Systems and State
Systems of Accounting and
Control,

• Social and Political Aspects of
Safeguards,

• New Safeguards Challenges, and
• Safeguards Technologies.
Invited presentations were made in

each working group on research that is
underway. These presentations provided
a starting point for discussions concern-
ing the possible future relevance or
application of the presentation subject to
international safeguards. The working
groups provided an opportunity for in-
depth discussion of the issues raised in
the papers, and the potential applicabil-
ity to the effectiveness and efficiency of
international safeguards.

The workshop was very fortunate to
have representatives of both ABACC

and EURATOM, as well as the IAEA,
present. These people have practical
experience in the regional and local fac-
tors that influence international safe-
guards.

The discussions, which tended more
toward the practical rather than theoreti-
cal, were wide ranging and included many
issues of current importance to the inter-
national safeguards community. Summary
presentations by the working group chairs
in the closing plenary session provided an
opportunity for all participants to learn
about the topics and discussions con-
ducted in all working groups and to raise
questions regarding each area addressed
in the workshop.

Co-chairs for the workshop were
Gotthard Stein, Hiroyoshi Kurihara, B.K.
Kim, and Cecil Sonnier. Much to our
regret, Mr. Kurihara could not participate
in the workshop due to illness. His con-
tributions and insights were missed.

Author Submission Guidelines
Ine 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, sad trends in safe-
guards and management of nuclear materials, Specific areas of
interest include physical protection, material eonteol and
accounting, waste management, transportation, nuclear nonpro-
liferation/international safeguards, and arms control and verifica-
tion. JNMM aha publishes book reviews, letters to the editor,
and editorials.

Submission of Manuscripts: JNMM reviews papers for
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previously published and is not being reviewed fat publication
elsewhere. Papers may be of any length.
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on computer diskette. Files should be sent as Word or ASCII
test files only. Graphic elements must be sent in TIFF format in
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Dennis Mangan
Technical Editor
Journal of Nuclear Materials Management
GO Revere Drive, Suite 500
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Papers are acknowledged upon receipt and are submitted
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notified within 60 days of submission of die original paper
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INMM NEWS

IAEA Plans International Safeguards Symposium

The International Atomic Energy
Agency, in cooperation with ESARDA
and INMM, will conduct a symposium
titled "International Safeguards:
Verification and Nuclear Material
Security," October 29 through
November 1, 2001, in Vienna, Austria.

This is the ninth in a series. The last
symposium was held in October 1997.

The purpose of the symposium is to
foster a broad exchange of information
on the international nonproliferation
regime, concentrating on concepts, tech-
nologies, and experience related to
international safeguards.

The Symposium will focus on:

Elements of the international non-
proliferation regime, including:

• Nonproliferation policy
• The NPT and Nuclear Weapon-

Free Zone Treaties
• IAEA Safeguards Agreements

and the Additional Protocol
• Nuclear export control agree-

ments
• The IAEA Action Team:

Experience in Iraq.

Implementation of the Strengthened
Safeguards System, including:

• Integration of safeguard meas-
ures pursuant to comprehensive
safeguards agreements and
Additional Protocols for opti-
mum effectiveness and efficiency
under restrained resources

• Advances in verification technol-
ogy for declared facilities

• Design information examination,
verification, and reverification

• Unattended monitoring systems
• Remote monitoring.

The security of nuclear materials,
physical protection measures, and the
IAEA's role in relation to illicit traffick-
ing, including:

• The Convention on the Physical
Protection of Nuclear Material

• Assistance programs to states for
improved nuclear security

• Illicit trafficking in nuclear
materials.

International verification in relation
to nuclear disarmament, including:

• NPT commitments regarding
nuclear disarmament

• IAEA role in fissile material
agreements

• The Trilateral Initiative: IAEA
verification of weapon-origin and
other fissile material in the
Russian Federation and the
United States

All papers, other than invited review
papers, must present original work that
has not been published elsewhere. The
submission deadline was April 15,2001.

Anyone wishing to participate in the
meeting should complete a participation
form and send it as soon as possible to
the competent national authority (min-
istry of foreign affairs or national atomic
energy authority) for subsequent trans-
mission to the IAEA. A participant will
be accepted only if the participation
form is submitted through the compe-
tent official authority of an IAEA mem-
ber state or by an organization invited to
participate.

For more information on this sympo-
sium, access the IAEA Web site at
http://www.iaea.org/worldatom/Meetings/
Planned/2001/.

New Look lor INMM Site on Horizon

INMM officials hope to launch a
redesigned INMM Web site in time

' for the 42nd INMM Annual Meeting
July 15-19 in Indian Wells, California.
The INMM Executive Committee
approved the redesign at its November
2000 meeting. The redesign is being
overseen by Communications Chair
James R. Griggs and INMM
Executive Committee Member-at-
Large Cathy Key.

"The redesigned site will be more
aesthetically pleasing, provide more
up-to-date information, offer
improved usability, and serve as an
information source on .INMM and
nuclear materials management."
Griggs said,

The new look for the site includes
an updated color scheme and
improved graphics. The site will be
easier to navigate and will help mem-

bers keep in touch with each other and
INMM, Nonmembers will find it eas-
ier to learn about the Institute and its
goals,

'The appearance of She site will be
more in keeping with the new INMM
informational brochure," Key said.
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INMM NEWS

Invest in Your Career with the 42nd INMM Annual Meeting

The best investment in your career for
the least outlay of time and money is the
42nd Annual Meeting of the Institute of
Nuclear Materials Management, July
15-19, at the Renaissance Esmeralda
Resort, Indian Wells, California, U.S.A.
Plan to be there!

If you are involved in research and
development, new concepts, policies,
approaches, techniques, equipment, and
applications in the fields of nuclear
materials management, you won't want
to miss this outstanding event.

In addition to the usual INMM
meeting activities, we're planning our
customary and highly informative tech-
nical program—another 300-paper,
forty-plus session extravaganza guaran-
teed to overwhelm you with information
you can really use. As an extra treat, our
opening plenary speaker will be John A.
Gordon, administrator of the National
Nuclear Security Administration.
Gordon will explain what's happening
in this exciting new area.

Attendees of past annual meetings
rave about the extraordinary opportu-
nities to meet with many colleagues
from around the world, to participate
in valuable private meetings, to hear
some really outstanding papers, and to
gather useful information from other
specialty areas that they might not
ordinarily encounter. Several atten-
dees have resolved long-standing
issues in the professional atmosphere
offered at INMM annual meetings.
And, as far as training, it's the biggest
payoff for management—in less than
one week you can learn more than you
could absorb with several training
courses, and it won't be outdated by
the time you get back home.

The INMM Annual Meeting is great
for newcomers but absolutely essential
for those already established in the field.

Funding constraints for attendees,
travel restrictions, and the number of
persons permitted by management from

one organization to attend a meeting are
obstacles to overcome. I'm sure that
with some creativity out we can meet
those challenges. You could even pay
your own way—many of us have done it
when totally necessary.

The INMM Annual Meeting is the
best bargain you can get in this business
today! Just ask anyone who has attended
INMM annual meetings in the past.

Also this year, we will have the
annual golf tourney, a 3K run, and activ-
ities for companions. I hope to see you
all there this summer in delightful
Indian Wells and I'll be very disap-
pointed if you can't make it. For more
information on the INMM Annual
Meeting, access the INMM Web site at
http://www.inmm.org.

Charles Pietri
Chair, Technical Program Committee
INMM Annual Meeting

Reminder
The Institute of Nuclear Materials
Management does not accept pur-
chase orders as a form of payment.
Please remember to include a check
payable to the INMM or a credit card
number when registering for the
INMM Annual Meeting.

We regret any inconvenience this
may cause.

Order Your Copy of the INMM 41st Annual
Meeting Proceedings Now

The Proceedings of the 41st Annual Meeting of the Institute of Nuclear
Materials Management is available on CD. These proceedings are a valuable
reference, containing the complete text of papers presented at the Annual
Meeting. Copies are available for $175.

INMM

ANNUAL
MEETING

For information, contact:
INMM
60 Revere Drive, Suite 500
Northbrook, Illinois 60062 U.S.A.
Phone: 847/480-9573
Fax: 847/480-9282
E-mail: inmm@inmm.org
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CHAPTER REPORTS

Central Chapter
The Central Chapter currently is working
on collecting biographies and completing
a ballot for a formal election of officers.

Chris A. Pickett
Chair, Central Chapter
Oak Ridge Laboratory
Oak Ridge, Tennessee U.S.A.

Japan Chapter
The 21st Annual Meeting of INMM
Japan Chapter was held in Tokyo
December 7-8,2000, under the direction
of M. Akiba, meeting program chair. T.
Osabe read a welcome statement on
behalf of INMM President J.D.
Williams. A total of 128 people attended
including three guest speakers from
Science and Technology Agency,
Nuclear Waste Management
Organization Japan, and the Crisis
Management Office of the Japanese
government.

A panel discussion, "Activities of
INMM Japan Chapter - Past and Future
Role," was held and five past chairmen
and vice chairmen participated as pan-
elists.

Nineteen technical papers were pre-
sented and discussed at the technical
session.

The chapter's fiscal year 2001 busi-
ness meeting was held December 7,
2000, in Tokyo during the Annual
Meeting. The following reports were
given and approved:

• The chapter's FY2000 business
report and FY2001 business plan.

• The chapter's FY2000 financial
report and FY2001 financial
budget plan.

The Third INMM/ESARDA Joint
Workshop on Science and Modern
Technology for Safeguards was held
November 13-16, 2000, at International
House of Japan in Tokyo. A total of 93
people participated from Australia,
Austria, Brazil, Canada, Finland,

France, Germany, Italy, Korea,
Luxembourg, Japan, Sweden, and the
United States. Following the plenary
and introductory session, four working
groups were formed and sixty technical
papers were presented and discussed.

r Osabe
Secretary, Japan Chapter
Nuclear Material Control Center
Kanagaw, Japan

Northeast Chapter
A new slate of officers was elected for
the Northeast Chapter. They are:

President: E. R. Johnson
Vice President: Susan E. Pepper
Secretary: Teri Westerfeldt
Treasurer: Bruce Moran
Members-at-large
Two-year term: Joe Indusi

Billy J. Cole
One-year term: Ed Wonder

John Kerr

The first organizational meeting of
the new officers was held February 23,
2001, at the Capitol Hill Club in
Washington, D.C. The purpose of this
meeting was the official transfer of
records, as well as the development of a
program for the rest of the year.

E. R. Johnson
President, Northeast Chapter
JAI Corp.
Fairfax, Virginia U.S.A.

Obninsk Chapter
During 2000-2001, Obninsk INMM
Chapter members were involved in a
number of events in MPC&A fields.

From May 22-26, 2000, the Second
International MPC&A Conference was
held in State Scientific Center of
Russian Federation-Institute for Physics
and Power Engineering, Obninsk,
Russia. Members of Obninsk Regional
Chapter of INMM were heavily

involved in organizing and conducting
the conference. Several presented
papers. About 350 experts from Russia,
the United States, the United Kingdom,
France, Germany, the International
Atomic Energy Agency, Kazakhstan,
Georgia, Belorussia, and Egypt, among
other countries, attended.

At present the proceedings of the
conference, both in Russian and in
English, are available on CD and on the
IPPE Web site at http://www.ippe.
obninsk.ru or http://mpca2000.ippe.
obninsk.ru.

During the last couple of years, there
has been intensive cooperation between
Russia and the United States on the
development of reference materials for
MPC&A purposes. As a result, the
Russian Working Group on RM was
established and officially recognized by
Minatom. A number of workshops,
training courses, and guidance
documents on different aspects con-
nected with planning, production, attes-
tation/certification, and use of RM were
performed by Russian members of
INMM, who are experts in the field.

Gennady Pshakin
President, Obninsk Chapter
IPPE
Obninsk, Russia

Pacific Northwest Chapter
The Pacific Northwest Chapter com-
pleted its election of officers and execu-
tive committee positions. The new offi-
cers are:

President: Rod Martin
Vice President: Glenda Ackerman
Secretary/
Treasurer: George Westsik
Executive
Board: Lupe Ellingson

Mark Killinger
Jim Andre
Brian Smith
(Past President)
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CHAPTER REPORTS

The chapter had a successful winter
dinner meeting on February 20, 2001,
that included several visitors from
Russia. The speakers were Brian Smith
and Gennady Pshakin. Gennady, presi-
dent of the Obninsk Chapter of the
INMM, spoke on the Russian perspec-
tive on their recent experiences working
on the Trilateral Initiative.

The chapter will continue its long-
standing support of the Mid-Columbia
Regional Science and Engineering Fair,
the Department of Energy-sponsored
Science Bowl and other local technical
societies and educational activities. The
DOE Regional Science Bowl was
February 24 and was supported by sev-
eral members of the INMM.

Brian Smith
Past President, Pacific Northwest
Chapter
Deanna Osowski
Secretary/Treasurer, Pacific Northwest
Chapter
Pacific Northwest National Laboratory
Richland, Washington U.S.A.

Russian Federation Chapter
A meeting of the Russian Chapter of
INMM was held in December 2000.
Chapter Chair Y. Volodin delivered a
report on activities performed by the
Chapter in 1999/2000. Then the follow-
ing new officials were elected for 2001:

Chair: EduardF. Kryuchkov
Vice Chair: Alexander V. Izmailov
Secretary: Andrei I. Zobov
Seven new members from six differ-

ent organizations were admitted to the
chapter. The copies of their application
forms and their background shall be
submitted to the INMM Headquarters in
the near future. :

The Russian Chapter has twenty-
eight members now.

Plans for expansion of chapter activ-
ities and for involving in its ranks new
specialists on nonproliferation from dif-

ferent regions of Russia were also dis-
cussed at the meeting.

Alexander V. Izmailov
Vice Chairman, Russian Chapter

Southwest Regional Chapter
On the evening of January 10, 2001, the
Southwest Regional Chapter of the
Institute of Nuclear Materials
Management enjoyed its First Annual
Winter Dinner Meeting at the Kirtland
AFB Officers' Club in Albuquerque,
New Mexico. More than forty members
were able to attend. Highlighting the
event was a featured after-dinner pres-
entation by Dr. Roger Hagengruber,
senior vice president for national secu-
rity at Sandia National Laboratories.

Hagengruber traced the history of the
Department of Energy and the National
Nuclear Security Administration, and
outlined hopes and expectations for the
future. He stressed the importance of

understanding the history of the nuclear
programs as we consider the status and
prospects for the NNSA. An open and
lengthy discussion of related ideas fol-
lowed the presentation.

The chapter is planning an annual
meeting to be held May 4, in Taos, New
Mexico. The agenda includes formal
presentations in the morning, and break-
out sessions covering a variety of topics
in the afternoon. Included in the agenda
is the annual business meeting of
regional chapter, and dinner event. The
chapter expects to sponsor a student
paper from one of the local universities.
On Saturday, the attendees are invited to
participate in a river-rafting trip being
planned by the executive committee.

Lawrence Kwei
Secretary/Treasurer, Southwest
Regional Chapter
Rocky Flats Field Office
Golden, Colorado U.S.A.
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TECHNICAL DIVISION REPORTS

International Safeguards Division
INMM will again cooperate with the
IAEA on its Symposium on
International Safeguards: Verification
and Nuclear Material Security, Vienna,
Austria, October 29-November 1, 2001.
Jim Larrimore, as the INMM point of
contact for this cooperation, participated
in a planning meeting for the
Symposium on January 30 in Vienna;
the paper selection meeting is scheduled
for May. The IAEA has requested that
INMM encourage the submission of
papers to the Symposium. Abstracts
should be submitted by April 15 through
the government authority. The INMM
president is expected to represent the
INMM in the formalities of the
Symposium. INMM has provided some
financial support for activities of the
Vienna Chapter in conjunction with this
Symposium.

The ISD has taken an initiative for a
summer 2001 issue of JNMM on
"Progress towards the integration of
INFCIRC/153 and INFCIRC/540." ISD
decided to undertake this initiative in
view of the IAEA having set the target
date of the end of 2001 for completion
of the conceptual framework for inte-
grated safeguards. This initiative fol-
lows the model of the summer 1998
issue of JNMM on "Issues Surrounding
the Integration of INFCIRC/153 and
INFCIRC/540." That JNMM issue con-
tained six articles and a foreword by the
IAEA. With commitments from nine
countries and organizations and from
IAEA, ISD expects that the summer
2001 JNMM issue will present a wide
array of international views. The papers
in this issue will also be presented and
discussed at the Annual Meeting.

The next ISD meeting will be held
on Monday, May 7, 2001, in Bruges
(Brugge), Belgium, in conjunction with
the 23rd ESARDA Annual Meeting.
Topics for discussion will be announced
in the near future.

The ISD will meet on Sunday, July
15^ 2001, in Indian Wells, California, in
conjunction with the 42nd INMM
Annual Meeting, to discuss the papers
prepared for the summer 2001 JNMM.

An ISD meeting is being planned for
Friday, November 2, 2001, in Vienna,
Austria, in conjunction with the IAEA
Symposium on International Safeguards.

Jim Larrimore, Chair
International Safeguards Division
Del Mar, California U.S.A.

Nonproliferation and Arms
Control Division
Thanks to those members of the division
who looked at the INMM's
Nonproliferation and Arms Control
Division charter when we sent it out to
the membership in September. Larry
Satkowiak and I have incorporated com-
ments and submitted the revised charter
to the INMM Executive Committee for
its review and approval. At the same
time, we have begun to solicit volunteers
to fill the officers' positions within the
division. Please let us know of your inter-
est in participating in the work of the
division. There are many opportunities.

In the nonproliferation world, there
have been three major developments to
highlight. The Secretary of Energy
Advisory Board Task Force on
Evaluation of DOE's Nonproliferation
Programs with Russia issued its report.
Among its recommendations is a greatly
increased level of funding for the non-
proliferation programs of the DOE.

The report is available at
http://www.hr.doe.gov/seab. Much of
the expertise on the issues discussed in
the report is resident in the members of
this division. I look forward to opportu-
nities this year for us to help address
some of those issues.

The second major development is
the announcement of the launch of the
Nuclear Threat Initiative by Ted Turner

and former U.S. Senator Sam Nunn. The
initiative includes an initial commitment
of $250 million over five years for non-
proliferation work. As I understand it,
the foundation is looking to fund non-
proliferation projects that otherwise
would not receive funding. Again, the
membership of the INMM
Nonproliferation and Arms Control
Division has the expertise to play a sig-
nificant role in helping to determine
how these funds should be invested.

A third development is the issuance
of the Final Draft of the Report of the
TOPS Task Force of the Nuclear Energy
Research Advisory Committee. TOPS
stands for Technological Opportunities
to Increase the Proliferation Resistance
of Global Civilian Nuclear Power
Systems. The report can be found at
h t t p : / / w w w . n e . d o e . g o v / n e r a c /
TOPS-Final.pdf. This is another area in
which the division's membership has
expertise that is relevant.

Last November, the division co-
sponsored a session at the winter meet-
ing of the American Nuclear
Society/European Nuclear Society. The
session was titled "Nonproliferation
Policy and Programs: Dealing with
Weapons-Usable Nuclear Materials,"
and included speakers from DOE,
INMM, and the ANS.

As is customary, the division will
sponsor a number of sessions in this sum-
mer's annual meeting of the INMM. In
the MPC&A area we expect to have two
full sessions and one short session.

We expect to have sessions focusing
on dismantlement transparency and
authentication. And this year we will
sponsor a special roundtable session on
nonproliferation education and training. I
look forward to seeing as many of mem-
bers as possible at our division meeting
on Sunday, July 15,2001.

Finally, we have a number of oppor-
tunities to influence the future nonpro-
liferation agenda through our efforts at
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TECHNICAL DIVISION REPORTS

education and outreach. We have con-
sidered holding a workshop as early as
this spring where we can address some
of the issues raised by the SEAB report,
and where we can help fill in the blanks
for the Turner Foundation on where
their investments will do the most good.
We think that the subject is timely, and
we are anxious to help get the member-
ship engaged in this worthwhile effort.

Steve Mladineo
Chair, Nonproliferation and Arms
Control Division
Pacific Northwest National Laboratory
Falls Church, Virginia U.S.A.

Packaging and Transportation
Division
Work continues on the 13th
International Symposium on Packaging
and Transportation of Radioactive
Materials (PATRAM 2001).

• The contract between the INMM
and MACTEC (DOE contractor
controlling the Symposium fund-
ing) was completed and signed.

• Identification and solicitation of
attendees for the paper review is
complete.

• More than 200 paper abstracts
were received.

• Identification of potential
keynote speakers has begun.

• An exhibitor prospectus and
exhibit contract were finalized
and distributed to potential
exhibitors.

Billy Cole
Chair, Packaging and Transportation
Division
JAI Corp.
Fairfax, Virginia U.S.A.

Physical Protection Division
The Physical Protection Technical
Division is planning a workshop for fall
2001. The target dates are September
18-20, providing a reasonable gap after
the INMM Annual Meeting. The tenta-
tive location for the meeting is
Cincinnati, Ohio. This locale was
selected for two reasons. One is that
Cincinnati may be accessed by direct
flight from many locations in the United
States; the other is its proximity to the
Portsmouth Gaseous Diffusion Plant.
The intent is to provide a practical look
at the plant's security applications.

Topics for the workshop will include
the integration of operational considera-
tions into overall security assessments.
The plan is to integrate the concept of
operations, MC&A, and physical protec-
tion. A tentative title for the workshop is
"ROI—Value-Added Integrated Safe-
guards and Security." We expect the
workshop to attract 20-40 participants. L.
David Lambert is the coordinator for this
event, and he is working with INMM
Headquarters to secure a location.

The Physical Protection Technical
Division has been working very hard to
solicit good papers for the 2001 Annual
Meeting. I have identified key personnel
to help with developing sessions in spe-
cific areas of physical protection.
Rebecca Horton, Sandia National
Laboratories, is working to identify
papers in access control and contraband
detection. Laura Thomas, Oak Ridge
National Laboratory, is collecting
papers on information security. Boris
Starr, Sandia National Laboratories, is
screening papers on intrusion detection.
We expect to have four or five strong
sessions on physical protection at the
Annual Meeting.

Stephen Ortiz
Chair, Physical Protection Division
Sandia National Laboratories
Albuquerque, New Mexico U.S.A.

Waste Management Division
The following summarizes the activities
of the Waste Management Division for
the period November 2000 through
February 2001:

The INMM Spent Fuel Management
Seminar XVIII was held January 10-12,
2001, at the Willard Inter-Continental
Hotel in Washington, D.C.
Approximately 135 people attended the
seminar. Attendees included representa-
tives of utilities, vendors, government
and international agencies, regulators,
national laboratories, consultants, and
the press. The representation was inter-
national, including the attendees from
Austria, France, Germany, Japan, and
Spain.

The meeting facilities at the Willard
were very good and the hotel staff was
extremely helpful. In view of this,
INMM requested rates from the Willard
for holding the 2002 and 2003 seminars.
A quote has been received and is under
advisement. The dates we would like to
hold the seminar in 2002 are not avail-
able, and restrictions placed on the next
best dates might be unacceptable. In
view of these potential problems,
INMM will be asked to obtain rates
from the Renaissance Mayflower (site
of the January 2000 seminar).

E. R. Johnson
Chair, Waste Management Division
JAI Corp.
Fairfax, Virginia U.S.A.
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Membership Committee Report
We have just completed the INMM
membership renewal period. The mem-
bership status of the Institute of Nuclear
Materials Management as of February
21,2001, is as follows:

595 Regular Members
81 Senior Members
19 Fellow Members
7 Fellow Emeritus Members

17 Emeritus Members
3 Senior Emeritus Members
2 Student Members

25 Sustaining Members
1 Honorary Member

Total Membership: 750

The goal of the Membership
Committee is to provide quality service
to INMM members. The Membership
Committee is currently comprised of
Nancy Jo Nicholas (chair), Jill Cooley,
Bob Curl, Vince DeVito, Al Garrett,
Michelle Kazanova, Larry Kwei, Bruce
Moran, Takeshi Osabe, Don Six and
Scott Vance.

Review of the INMM Membership
Directory for 2001 by the Membership
Committee will begin soon. We hope to
go to print with this year's directory in
early April and mail it to the member-
ship by mid-April.

The Membership Committee is
working with JNMM editors to expand
the page containing names and contact
information of new members to a whole
page on "Member News"—short pieces
about the careers of INMM members.
Please let us know about promotions,
awards, retirements, and other career
news so we can highlight what's going
on with our membership, and send a
photo, if available.

The Membership Committee is also
preparing for our annual review of
applicants for Senior Membership sta-
tus. Applications were due to INMM
headquarters April 1. The Membership

Committee reviews the applications and
makes a recommendation to the
Executive Committee. New seniors are
recognized in July during the Annual
Meeting.

Nancy Jo Nicholas
Membership Committee Chair
Los Alamos National Laboratory
Los Alamos, New Mexico U.S.A.

Government Liaison Committee
At the November Executive Committee
meeting, we agreed to consider select-
ing some speakers for the closing ple-
nary from the same pool of candidates
being considered for the opening ple-
nary speaker. In this regard, we have
been following progress in selection of
the opening plenary speaker.

In January, we also heard from sev-
eral members of the Technical Program
Committee that INMM may organize a
session about the Trilateral Initiative for

monitoring progress in dismantlement
of nuclear weapons with high-level par-
ticipants, possibly at the ministry advi-
sory level, from the United States,
Russian Federation, and the IAEA. The
committee chair has suggested that the
closing plenary would be an appropriate
venue for such a session.

Some time ago, Tohru Haginoya, a
GLC member, offered to distribute news
and fact sheets about the Japanese
nuclear industry, initially to a limited
group of INMM members. As agreed
previously, the names and e-mail
addresses of the members of the
Executive Committee and the chairs of
the standing committees and technical
divisions were sent to Mr. Haginoya.

James Lemley
Chair, Goverment Liaison Committee
Brookhaven National Laboratory
Upton, New York U.S.A.
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R&D Program for Interim Storage
of Spent Fuel in CRIEPI

A. Okumura, K. Shirai, and T. Saegusa
Central Research Institute of Electric Power Industry

Abstract
Japan has consistently promoted the closed nuclear fuel
cycle to achieve a stable supply of energy for the future and
to minimize environmental impact. A domestic commercial
reprocessing plant, with a capacity of 800tU/a, is under con-
struction. The aim is to be operational by 2005. However, the
rate of spent fuel arising in Japan will be more than the
reprocessing plant's capacity. It is estimated that in 2010
interim-storage facilities of spent fuel, whose capacity will
be about 7,700tU, will have to be constructed as away-from-
reactor sites. In 1999, a revised bill, which specifies opera-
tional and regulatory conditions for interim-storage facilities
away-from-reactor sites, passed the Diet and it was put into
force in June 2000. At present, an advisory committee of the
Ministry of International Trade and Industry (MITI) of the
Japanese government is now discussing APR storage. A pri-
vate entity, which will be licensed by the government, will
be able to construct the interim-storage facilities APR sites.

Research and development on spent-fuel storage has
been carried out by the government and the electric power
companies, particularly aiming at the realization of dry-stor-
age away from reactor in 2010 (Shirai, 1999). CRIEPI, the
Central Research Institute of the Electric Power Industry, has
been involved in R&D programs on spent-fuel storage tech-
nologies and long-term storage on behalf of MITI.

Introduction
Japan has scarce energy resources and is dependent on
imports of foreign resources for most of its energy needs.
Therefore, Japan has made efforts to use nuclear power since
the mid-1950s, carrying out research and development, and
promoting commercialization of peaceful use of nuclear
energy. Since its initial stage, the development and utilization
program has consistently called for recycling nuclear fuel.

Research and development on spent-fuel dry-storage
technology has been carried out mainly by CRIEPI under
contracts with MITI and the Science and Technology
Agency (STA) of the Japanese government.

In a study program completed in 1996, safety and cost

evaluations for various types of dry-storage systems applica-
ble to the storage at reactor sites were carried out for spent
high-burnup fuel and MOX fuel. Especially, for metal cask
storage technology, the safety of the total system was con-
firmed. Some of the results were incorporated in a safety
review guide, Dry Cask Storage of Spent Fuel in Nuclear
Power Plants (Nuclear Safety Commission, 1992). They
were used in the licensing process of the first dry-cask stor-
age at the reactor site of the Fukushima-Dai-Ichi nuclear
power station of the Tokyo Electric Power Co.

From April 1992 to March 1997, a study program of
advanced spent-fuel storage technology had been executed
at CRIEPI. This five-year program relates to the dry storage
of the high-burnup and MOX spent fuels, which will be the
main object in the next stage of storage strategy. The outlines
had been introduced at the INMM Spent Fuel Management
Seminar XVII in 2000.

This paper introduces the perspective of CRIEPI on the
current status of a new R&D program of spent-fuel storage
technology and long-term storage consigned by MITI from
April 1997.

New R&D Program for Interim Storage
(FY 1997-2003)
Beginning in March 1997, the MITI, the STA, and electric
power companies studied the introduction of the interim
storage of spent-fuel AFR sites, and issued a report in
March 1998. The Subcommittee for Nuclear Energy of the
Council for Conventional Energy Policy, an advisory body
for MITI, also issued a similar report in June 1998
(Subcommittee for Nuclear Energy, 1998). The report
pointed out the necessity of introducing such interim-stor-
age facilities by around 2010.

In 1997, a new study program of verification tests for
interim storage of recycle fuel resource was started. This is
mainly related to concrete modular storage technology, such
as a horizontal concrete silo and a concrete cask. A concrete
modular storage system is considered to have an economic
advantage. To propose "safety standards for concrete modu-
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lar structures, systems, and components," the following
studies, related to especially concrete cask, are now in
progress (Saegusa, 2000, Shirai, 2000).

I. For concrete material and structures
A. Long-term durability of concrete material (car-

bonation and salt damage)
B. Dynamic strength for concrete material under high

temperature and in case of accidents
C. Characteristics of heat transfer and cracking due

to thermal stress
D. Shielding performance of concrete structures

II. For metal canister
A. Impact and corrosion resistance of multipurpose

canister with the welded components
III. For spent fuel

A. Development of nondestructive monitoring
method

B. Characteristics and long-term performance of
high-burnup and MOX spent fuel

IV. Demonstration program for qualification of concrete
cask performance
A. Basic design of Japanese type concrete cask

B. Fabrication of full-scale concrete cask
C. Demonstration tests (e.g., heat removal, impact,

and seismic tests)
D. Safety Analysis

The following sections outline the current status of this
new R&D program.

/. Study for concrete material and structures
As the concrete modular structures for the dry storage of
spent fuel may be used under high temperature and severe
radiological conditions, reinforced concrete components
important to safety must be designed, fabricated, erected,
and tested to withstand the effects of natural phenomena and
accident condition.

Figure 1 shows the schematic of the performance of rein-
forced concrete components during dry storage.

A. Long-term durability of concrete material
If the storage site is located near the seashore, the reinforced
concrete components and structures must withstand damage
due to salt and carbonation under high temperature.

Process of Deterioration Due to Salt Attack

/. Penefratian II Corroding UL Cracking IV.

<&>

Process of Deterioration Due to Carbonation
Ca(OH)2 CaCO3 + H2O

Figure 1. Schematic of reinforced concrete components
during dry storage

Figure 2. Process of deterioraton due to salt attack and
carbonation
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Table 1. Design allowable concrete temperatures
(AU, 1978)

State

Normal Operation
Accident

Temperature Limitations (°C)
General area

65
175

Local area
9011

3,5022

Note: 1) such as around a penetration
2) steam jets in the event of a pipe failure

Figure 2 shows process of deterioration due to salt and
carbonation. Salt leads to the cracking of the reinforced con-
crete components because corrosion and volume expansion of
the steel bars occur due to the reaction with the penetrating
chloride ion. Carbonation can be defined as the reaction
between Ca(OH)2 in the concrete and CO2 in the atmosphere.
As pH value in the concrete decreases due to carbonation, the
corrosion and volume expansion of the steel bars will also
possibly damage the reinforced concrete components.

It can be noted that temperature considerably affects this
kind of damage. However, there are very few examination
examples to make clear the influence of the temperature. To
obtain the basic material properties at high temperature and

evaluate the long-term durability of concrete materials, the
following tests are now in progress.

1. Chloride ion diffusion test and carbonation acceler-
ated test in concrete under high temperature.

2. Corrosion tests of steel bars in concrete under high
temperature by pre-mixed salt solution.

Figure 3 shows the draft design curve for carbonation and
salt damage. At high temperature, the deterioration due to salt
attack and carbonation seems to be highly accelerated.

B. Dynamic strength for concrete material under high
temperature and in case of accidents
In the Japanese Design Code for Concrete Rector Vessels
(Architectural Institute of Japan, 1978), design-allowable
concrete temperatures are specified as shown in Table 1.
Higher temperature than given in this table may be allowed
if evidence can be provided which verifies that the increased
temperature does not cause deterioration of the concrete.
This design principle is introduced from ASME Section III,
Division 2.

In the Japanese design code (AU, 1978), there is a notice
that "Material characteristics must be provided considering
the reduction in strength. For example, the concrete strength

'iff5 Iff4 Iff3 Iff2 Iff1 Iff itf Jtf
Strain rate (/sec)

(Compressive strength)

Iff6 Iff1 Iff4 Iff3

Strain rate (/sec)

(Tensile strength)

Iff2

Figure 4. Example of the material tests under high temperature (Normal concrete: W/C 60%)
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Figure 5. Example of the heat transfer test.
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decreases under high temperature below 110°C, and around
50°C the minimum value exists. However, there are very few
test examples to make clear the influence of the tempera-
ture." To obtain the dynamic material properties at high tem-
perature, the following tests are now in progress:

1. Dynamic and impact test of concrete material under
high temperature

2. Fracture toughness test of concrete material under
high temperature

Figure 4 shows the example of the material tests under
high temperature with normal concrete. It is found that
reduction in strength of the normal concrete will not be
avoidable at high temperature.

C. Characteristics of the heat transfer and the cracking
due to temperature stress
If the design-allowable concrete temperatures as shown in
Table I are considered, temperature stresses are one of pri-
mary factors governing the design of reinforced concrete
hollow cylindrical structures subjected to temperature gradi-
ents such as concrete cask bodies. Therefore, a rational eval-
uation of safety against such stresses must be established.

To investigate the conditions in which cracks due to tem-
perature gradients initiate in reinforced concrete structures,
the heat transfer tests with several scale concrete structures
are now underway.

Figure 5 shows an example of the heat transfer test.

D. Shielding performance of concrete structures
To evaluate the shielding ability of the concrete cask during
the storage period, the following studies are now in progress.

1. Evaluation of dose rate due to streaming thorough air
inlet and outlet
It is very important to estimate dose rate due to streaming
thorough air inlet and outlet. A numerical code to evaluate
shielding performance, Monte-Carlo calculation method, is
used for analysis. The experimental program concerning
streaming with the scale-model of cooling ducts is being

25
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Figure 6. Influence of crack width on shielding
performance

planned to investigate the accuracy of the Monte-Carlo cal-
culation scheme and model.

2. Effects of cracking of the concrete body on shielding per-
formance
Due to cracking as a result of thermal stress, shielding per-
formance will depend on the cracking width. However, there
are no design criteria which gives an allowable crack size for
shielding. Therefore, shielding analyses with slit model sim-
ulating a concrete crack with Monte-Carlo calculation code
have been executed. Figure 6 shows analytical result with the
slit model. It seems that there is not so considerable influence
of crack width up to 0.4mm on shielding ability.

3. Evaluation of dose rate at site boundary
In the conventional design for evaluation of dose rate at site
boundary of the spent-fuel storage facility, the point source
or uniform volume source has been conservatively consid-
ered without taking account of any mutual shielding effect
between the contiguous casks. If the real geometry of the
cask storage area is considered, the mitigation of the dose
rate at site boundary can be expected because of this effect.
Therefore, to propose the rational design method, the calcu-
lation model considering the real geometry of the cask stor-
age area is being developed with Monte-Carlo calculation
code. Figure 7 shows an example of analytical results. It
seems that the additional shielding effect due to the mutual
shielding effect will be expected.

//. Study for metal canisters
For the welding structure of metal canisters, the develop-
ment of the methodology to evaluate the integrity of the can-
ister's weld parts is very important since the integrity cannot
be evaluated only by X-ray examination and annealing heat
treatment. Therefore, the fracture toughness test and the cor-
rosion test relating to stress corrosion cracking of canister's
weld part are planned.

Figure 8 shows the schematic of the performance of
metal canister components during dry storage.

Q Neutron Kay
Gamma Kaj
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Distance (m)

Figure 7. Mutual shielding effect
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///. Study for high-burnup and MOX spent fuel
A. Characteristics of high burnup and MOX spent fuel
The high-burnup PWR/BWR spent fuel and PWR MOX
spent fuel irradiated in commercial reactors were used in
this study. Table II shows the summary of the spent fuel.

Several post-irradiation examinations were executed to
evaluate the neutron/gamma source of spent fuel and the
introduction of the burnup credit into the interim storage.

• Neutron emission and gamma ray source distribution
along the fuel rod

• Gamma ray source distribution in the radial direction
of the pellet

• Chemical isotopic analyses for the nuclide composi-
tion of actinides and fission products of the pellet

The following examinations were also performed to eval-
uate the fuel characteristics during irradiation and storage.

• SEM/TEM observation
• Annealing test for the fission gas release behavior
• EPMA observation of U, Pu, Xe, Cs, and Nd along

pellet radius
In the chemical isotopic analyses, the burnup was esti-

mated by the amount of heavy metal and 148Nd. The analy-
sis results were compared with ones of ORIGEN2/82 calcu-
lation. The C/E (ratio of calculation and experimental value)
of actinides is shown in Figure 9 for high burnup PWR fuel
(Sasahara, 1996a, 1996b, 1997). The differences between
calculation and experimental value in isotopic composition
were considered in reactivity bias of the burnup credit
(Matsumura, 1998).

In the annealing test, the pellets obtained from high burn-

Hi-/1 . ' • - f ft i ' cat ireatisetK.

up PWR fuel and PWR MOX fuel were annealed up to
1,700°C with staircase. The fuel temperature at vacuum con-
dition shall be around 500°C in exchanging the inner gas in
cask and canister to helium gas during spent fuel loading.
According to the test results, less than 2 percent fission gas
will be released up to 500°C, however this additional fission
gas release will have a lesser impact on fuel rod pressure.

B. Long-term performance of high-burnup and MOX
spent fuel
BWR MOX spent fuel, of which burnup is about 20GWd/t,
was used to evaluate the integrity of spent fuel during
twenty-year wet and dry storage. The following examina-
tions were performed:

• Visual inspection of the pre/post-wet-storage fuel
• Puncture test of the pre/post-wet-storage fuel
• Atmospheric gas analyses of the pre/post-dry-storage

fuel
• Ceramographic examinations of the pre/post-dry-stor-

age fuel
According to the preliminary observation, there is no

marked difference after storage of these low-burnup rods.
However, further examination may be required to make clear
the integrity of MOX spent fuel during long-term storage.

IV. Demonstration program for qualification of concrete
cask performance
Based on the prescribed test results, the demonstration pro-
gram for qualification of concrete cask performance is being
started. Some important test issues are as follows.

A. Basic design of Japanese type concrete
cask
Development of two types of concrete cask as
shown in Figure 10, reinforced-concrete type
and steel-layered concrete type, to store the
high-burnup spent fuel are now in progress.
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Figure 8. Schematic of the performance of metal canister
components during dry storage.

B. Fabrication of full-scale concrete cask
Two types of full-scale concrete casks and
multipurpose canisters will be fabricated to
apply to the demonstration tests.

C. Demonstration tests
Heat removal tests of concrete casks consid-
ering the normal, abnormal, and accidental
events, and the metal canister are planned.
Seismic test with scale-model cask and
streaming test with the air inlet components
are also planned.

D. Safety Analysis
To contribute to "safety standards for con-
crete modular structures, systems, compo-
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Table II. Burnup/enrichment of Spent Fuel

Fuel type

High-burnup PWR
High-burnup BWR

PWR-MOX2

Rod average burnup

60 GWd/t
56 GWd/t
45 GWd/t

Enrichment/Puf
enrichment

3.8
3.5
3.5

nents," safety analysis will be performed using the results
obtained in demonstration tests.

SUMMARY
The Japanese policy on nuclear fuel cycle is clear, and we
intend to guarantee future energy security by steadily carry-
ing forward research and development efforts aimed at
future commercial commissioning of nuclear fuel recycling.
Since spent fuel discharged from nuclear power stations is
considered to be a valuable quasi-domestic energy resource
containing plutonium and uranium, the amount of it in
excess of domestic reprocessing capacity will be appropri-
ately stored as an energy stockpile until such time as it can
be reprocessed.

A domestic commercial reprocessing plant that will be
operating by 2005 is now under construction. Interim stor-
age facilities of spent fuel away-from-reactor sites will be
constructed by around 2010.

Based upon Japan's nuclear fuel cycle policy stated in
the long-term program, CRIEPI steadily continues to
develop safe and economical technologies for dry-storage
technology on spent fuel.
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International Atomic Energy Agency
Safeguards Impacts on
Geological Repositories

Bruce W. Moran
U.S. Nuclear Regulatory Commission

Washington, D.C.

Background
Safeguards Approach Development
The International Atomic Energy Agency began technical
studies on safeguards measures necessary to effectively
and efficiently detect the diversion of nuclear material
from geological repositories in 1988. The IAEA held con-
sultants' meetings in 1991 and 1995, and an advisory
group meeting in 1997 to support its development of safe-
guards policy and safeguards approaches for geological
repositories.1 The IAEA issued its policy paper on geolog-
ical repository safeguards in 1997. The IAEA convened the
International Program for the Development of Safeguards
on the Final Disposal of Spent Fuel in Geological
Repositories (SAGOR Program) in 1994.2 The SAGOR
Program issued its final report recommending safeguards
approaches for generic spent fuel conditioning plants,
operating repositories, and closed repositories in 1998.
After completion of the SAGOR program in 1999, the
IAEA established the Geological Repository Safeguards
Experts Group to provide guidance on safeguards approach
implementation issues.

Spent-Fuel Disposal Facility Status
Facilities for the final disposal of spent fuel in geological
repositories are being designed, built, and prepared for oper-
ation. The German spent-fuel conditioning plant has been
built and licensed, and a safeguards approach for it has been
negotiated with both EURATOM and the IAEA. The facility
is awaiting German government approval before it begins
repackaging spent fuel from storage casks into the final dis-
posal casks. Construction of spent-fuel conditioning plants is
scheduled to begin in the United States in 2005, in Sweden
in 2007, and in Finland in 2010. Finland has submitted its
conditioning facility design documentation to the IAEA and
EURATOM and began discussion on the safeguards
approach this year.

Repository site selection is scheduled to occur in the
United States and Finland in 2001 and in Sweden in 2005.

Completion of site selection actions in Germany has been
postponed for three to ten years. Excavations at candidate
repository sites have already occurred in Germany and the
United States, and are scheduled to begin in Finland as early
as 2003 and in Sweden in 2009. Geological repository pro-
grams in other countries (e.g., Canada, Belgium,
Switzerland, Hungary, Spain, France, and the United
Kingdom) are either further in the future or the countries
have not yet officially declared their schedules. Repository
conceptual designs have been prepared in several countries
and will be submitted for licensing consideration, beginning
in the next few years with the U.S. Yucca Mountain
Repository application, which is scheduled to be submitted
in 2002 (assuming site selection).

State-IAEA Interactions
The IAEA places particular importance on early information
exchanges on newly declared facilities. This permits the
IAEA, the state, and the facility operator to discuss the safe-
guards approach and necessary safeguards measures such
that the impact of safeguards on facility operations can be
minimized and the effectiveness of safeguards enhanced.
Early cooperation also reduces the cost of safeguards imple-
mentation on both the operator and the IAEA. IAEA safe-
guards policy with respect to geological repositories states
that the pre-operational phase of the geological repository
safeguards approach begins with a decision by the state to
construct a geological repository. Soon after that time, con-
sultations are to begin with the state to agree on and begin to
implement safeguards measures.

Safeguards Implementation Status
At this time, the IAEA has not completed its studies in
preparation for the application of safeguards to a geologi-
cal repository program. As a result of the discovery in
1991 of undeclared nuclear facilities and a nuclear
weapons program in Iraq, a Nonproliferation Treaty sig-
natory state, the IAEA's safeguards priority was shifted
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from enhancing traditional safeguards to strengthening
the IAEA's safeguards program to enhance the detection
of undeclared material, facilities, and activities. This new
safeguards responsibility, as well as the responsibility to
apply safeguards to a constantly increasing number of
facilities, has to be implemented by the IAEA during the
second decade of zero-real-growth of the agency budget.
In 1993, the IAEA initiated its Strengthened Safeguards
Program and, in 1995, began implementing new safe-
guards measures to strengthen the effectiveness and effi-
ciency of IAEA safeguards within the existing statutory
authorities. In 1997, negotiation of new statutory authori-
ties was completed and the Model Additional Protocol to
Safeguards Agreements was approved by the IAEA Board
of Governors.3 Since 1997, the IAEA member states have
begun negotiating, signing, ratifying, and bringing into
force Additional Protocols to their Safeguards
Agreements. Once the Additional Protocol has been
brought into force in a state, the IAEA has the right to col-
lect information on the nuclear, and nuclear-related activ-
ities in the state, and to seek access to locations to verify
the accuracy of the state declarations or to resolve ques-
tions on the information.

In 1997, the IAEA began to evaluate how to integrate
the new strengthening measures with the traditional meas-
ures to produce a more effective and efficient safeguards
system. For those states with comprehensive safeguards
agreements with the IAEA and an Additional Protocol in
force, and in which the IAEA has drawn conclusions on
the absence of diversion of nuclear material and on the
absence of undeclared nuclear material and activities,
reductions in the current level of safeguards verification
effort will be permitted on less sensitive nuclear materials
(e.g., depleted, natural, and low-enriched uranium and
irradiated fuel). The principles for implementing the inte-
grated-safeguards system are still being developed as well
as proposals for implementing integrated safeguards at dif-
ferent facility types. The IAEA has not yet begun to assess
how integrated safeguards should be implemented for geo-
logical repositories.

Because many view geological repositories as not being
a current safeguards problem, but an issue that is still a
decade away, geological repository safeguards has been
assigned a lower priority than other safeguards issues. The
Geological Repository Safeguards Experts' Group has
maintained pressure on the IAEA to make decisions regard-
ing implementation of geological repository safeguards. At
the December 2000 Experts' Group meeting, the IAEA was
asked to review credible diversion paths for geological
repositories and to define the measures composing the safe-
guards approach for geological repositories. This informa-
tion will permit the Experts' Group to assess safeguards
techniques that could meet the technical needs of the safe-
guards approach.

Geological Repository Safeguards
Safeguards Policy
The IAEA's geological repository safeguards policy con-
tains the following concepts:

1. Spent fuel disposed in geological repositories is sub-
ject to safeguards in accordance with the IAEA's
safeguards agreement with the state. Safeguards on
the spent fuel will be maintained after the repository
has been back filled and sealed, for as long as the
safeguards agreement remains in force.

2. The safeguards system will be based on (a) verifica-
tion of the repository design information during
design, construction, and operation; (b) verification
of receipts and flows to ensure that no undeclared
removal of nuclear material occurs; and (c) mainte-
nance of continuity of knowledge on the nuclear
material content.

3. Safeguards requirements should be integrated into
the repository design at an early stage to establish
functional, nonintrusive, and cost-effective safe-
guards measures.

4. Because emplaced spent fuel cannot be reverified,
sufficient redundancy, diversity, and robustness
should be incorporated into the safeguards approach
and adequate maintenance measures should be
applied to avoid system failure and to ensure conti-
nuity of knowledge.

5. The safeguards measures should be designed to pro-
vide verification of the nuclear material contents of
incoming spent-fuel containers and continuity of
knowledge of the spent-fuel inventory. As far as prac-
tical, the safeguards measures should function in
automated, remote control, and remote data transmis-
sion modes.

6. Design information verification should confirm the
design of the geological repository, including its sur-
face facilities, and detect any undeclared activities,
both in the repository and in its vicinity. The excava-
tion areas should be verified to be as declared and
that there are no undeclared excavations. The safe-
guards approach should provide assurance of the
absence of undeclared underground reprocessing and
assurance of no undeclared operational capability
underground that could facilitate and mask transfer of
spent fuel to other containers.

7. In the pre-operational phase (i.e., construction phase
preceding receipt of first disposal container), the
IAEA, in collaboration with the state, should estab-
lish all safeguards-pertinent information about the
original undisturbed site. Design information verifi-
cation should be conducted on all excavations and
facilities.

8. During the operational phase of the geological repos-
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itory, the safeguards system should verify transfers,
flows, and inventory of spent-fuel disposal containers
through the application of elements of containment
and surveillance, monitoring, nondestructive assay,
and design information verification.

9. The safeguards measures should verify that the con-
tainers declared to be emplaced are actually
emplaced; that the containers are not opened,
switched or removed; and that there are no unde-
clared operations that could change the amount of
nuclear material in any disposal container.

10. During the post-closure phase, the safeguards system
should consist of sufficient surface monitoring meas-
ures to provide assurance of no undeclared attempts
to obtain access to nuclear material. These measures
may include information analysis, visual observation,
remote surveillance (e.g., satellite), geophysical mon-
itoring, and environmental techniques.

Safeguards Approach
At a spent-fuel conditioning plant, the safeguards approach
will be based on materials accountancy combined with design
information verification and appropriate containment, sur-
veillance, and monitoring systems. The safeguards approach
may use techniques such as nondestructive assay, tamper-
indicating seals, surveillance cameras, motion sensors, radia-
tion monitors, and weight monitors. These measures would
be applied in both the cask handling areas and in the hot cells.
Input data will be based on shipper's data and the materials
accountancy based on item accounting. If the spent fuel was
verified by the IAEA before shipment to the conditioning
plant and continuity of knowledge has been maintained, the
safeguards objective can be met through maintaining conti-
nuity of knowledge in the conditioning plant (through con-
tainment, surveillance, and monitoring) and ensuring that the
disposal container leaves the facility under effective contain-
ment and surveillance. If continuity of knowledge is lost or if
spent-fuel assembly consolidation occurs, confirmatory veri-
fication measurements may be required.

For operating repositories, the recommended safeguards
approach, at surface facilities (including spent-fuel handling
facilities and hoist and ventilation shafts), is based on materi-
als accountancy combined with design information verifica-
tion and appropriate containment, surveillance, and monitor-
ing systems. This aspect of the safeguards approach may use
techniques such as nondestructive assay, tamper-indicating
seals, surveillance cameras, motion sensors, radiation moni-
tors, and weight monitors. Material accountancy is to be
based primarily on maintaining continuity of knowledge at all
credible access routes to the underground repository. Below
ground, the primary safeguards measure is design informa-
tion verification, with other measures, if needed. Design
information verification conducted from above ground and
below ground will include visual observation and geophysical

techniques (including active and passive seismic, active and
passive electromagnetic, and ground-penetrating radar).
Environmental sampling through continuous air sampling
and samples for trace analysis will be used to detect opening
of casks and reprocessing of spent fuel.

For a closed repository, the safeguards approach will be
based on surface and aerial verification activities.
Reverification of nuclear material in a closed repository will
not be possible. In addition, safety of the repository must not
be jeopardized. Safeguards measures that could be used to
detect undeclared activities include satellite imagery, aerial
reconnaissance, inspector observation of the surface area,
and geophysical monitoring (including active and passive
seismic techniques and active and passive electromagnetic
techniques).

In June 2000, a meeting of geophysical experts on geo-
physical techniques was held to determine the feasibility of
using geophysical techniques for safeguarding geophysical
repositories.4 The experts identified that no single geophysi-
cal technique can meet all of the potential geophysical mon-
itoring needs or will be applicable in all geological media.
Each technique has limitations in terms of range and resolu-
tion in different media. Thus, use of the techniques must be
evaluated for each proposed geological repository.

Summary and Conclusions
The IAEA has an approved safeguards policy for imple-
menting safeguards at geological repositories. Safeguards
approaches have been recommended for generic condition-
ing plants and operating and closed geological repositories
by the SAGOR Program and a 1997 Advisory Group
Meeting. Member State Support Program tasks have been
conducted to develop and evaluate technologies that could
be used to implement the safeguards approaches.
Completion of these evaluations requires input from the
IAEA on acceptance criteria.

The IAEA has placed a low priority on resolving geo-
logical repository safeguards issues because of the higher
priority of addressing and implementing strengthened safe-
guards and integrated safeguards systems. The Geological
Repository Safeguards Experts' Group has been encourag-
ing IAEA management to take action on geological reposi-
tory safeguards implementation. IAEA geological reposi-
tory safeguards policy indicates that the IAEA should define
and approve a safeguards approach for geological reposito-
ries, conclude discussions on a site-specific safeguards
approach in Finland, and implement the pre-operational
safeguards approach within the next three years. If the Yucca
Mountain facility is designated as the U.S. geological repos-
itory, the facility will be added to the U.S. list of facilities
eligible for IAEA safeguards. After the facility is added to
the list, the IAEA will need to decide whether to select the
repository for implementation of IAEA safeguards.
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Design and Licensing Status
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Essen, Germany
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1. Introduction
The CASTOR® X/32 S cask is designed for storage and
transportation of thirty-two spent nuclear fuel assemblies
from U.S. PWRs. The criteria for acceptance of spent-fuel
assemblies for storage in the CASTOR® X/32 depends on
their enrichment, burnup and cooling time. These parameters
are used to determine the source terms for criticality, shield-
ing, and thermal analyses. On the basis of these analyses, the
final layout of the cask was performed.

2. Design Criteria
The CASTOR® X/32 S is designed to store most types of
PWR fuel assemblies used in the commercial U.S. nuclear
power reactors. These are generally supplied by
Westinghouse, ANF, and ABB Combustion Engineering.
Therefore, the cell openings and length in the fuel basket
have been sized to accommodate thirty-two intact UO2PWR
14x14,15x15 or 17x17 Zircaloy-clad fuel assemblies, made
by the above-mentioned manufactures, without or with burn-
able poison rod assemblies (BPRAs). Damaged fuel assem-
blies or fuel debris are not permitted for storage.

A summary of design-basis fuel criteria is shown in Table 1.

3. Description of the CASTOR® X/32 S Design
The CASTOR® X/32 S concept destined for the U.S. market
has been developed in two different versions. Version I is the
original CASTOR® cask concept with a carbon-steel body
and with a bolted primary and secondary lid and with pres-
sure monitoring of the interlid space during storage. Version
II is similar to the Version I but has a welded secondary lid,
no pressure monitoring of the interlid space during storage
and no metal O-rings.

The storage cask consists of the following components
(see Figures 1, 2, and 3):

• A containment vessel comprised of a cask body with
shell, bottom, and primary and secondary lids.

A pressure switch in the secondary lid with connec-
tion to the lid interspace (Version I only).
Neutron shielding.
Fuel basket assembly.
Trunnions for handling.
Penetrations in the bolted primary lid with sealed
cover lids to facilitate draining, drying, backfilling,
leak testing, and venting.
Penetrations in the bolted secondary lid with sealed
cover lids to facilitate leak testing and venting
(Version I only).

Table 1. Design Basis Fuel Criteria

Depending on the cask load, the following criteria have to
be satisfied:

Cask Load without BPRAs in the Fuel Assemblies

• Maximum 32 PWR fuel assemblies.
• The initial enrichment of each fuel assembly is

<5.0 w/o U-235.
• Its burnup is no greater than 45 GWd/MTU.
• The minimum required cooling time is 2.9 years.
• Depending on the enrichment, some of the fuel

assembly must be equipped with an absorber rod
module before loading.

Cask Load with BPRAs in the Fuel Assemblies
(see Figure 281

Maximum 32 PWR fuel assemblies.
Depending on the enrichment, a maximum of 24
fuel assemblies can be provided with a BPRA;
the remaining must have absorber rod modules
installed before loading.
The initial enrichment of the fuel assemblies
defines the BPRA location in the basket.
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• Closure bolts.
• Metallic O-ring seals on all bolted lids and penetra-

tion closures.

Through its design, the cask ensures structural integrity,
subcriticality shielding, and retention of radioactive materi-
als. The structural design will be in accordance with the
ASME Code application. Decay heat is removed via the
cask surface with fins to the environment by natural convec-
tion and radiation.

Dimensions and weights of the cask CASTOR® X/32 S
are shown in Table 2. The materials used to fabricate the
CASTOR® X/32 S cask are listed in Table 3.

3.1 Containment Vessel
The containment vessel for the CASTOR® X/32 S consists
of a forged carbon-steel cylinder with an integrally-welded
carbon-steel bottom as well as a bolted primary lid made of
stainless steel with a metallic O-ring seal and a vent and
drain opening closed by a lid with a metallic O-ring seal. A
secondary lid is arranged over the primary lid. This second-
ary lid is different for Versions I and II and is described later
in this paper.

The O-ring seating surfaces are overlaid with Inconel by
welding to provide corrosion protection. These welded sur-
faces are machined to provide the necessary finish for the
seating of the O-ring seals (see Figure 4).

The containment boundary components are shown in
Figure 5. The overall containment vessel length is 4850 mm
(190.6 inches) with a wall thickness of 298 mm (11.8 in).
The cylindrical cask cavity has an internal diameter of 1,730
mm (68.1 inches) and an internal length of
4,155 mm (163.6 inches). The cask cavity
is pressurized to 0.12 MPa (17.4 psi) with
helium.

The secondary lid for Version I is made
of stainless steel. It is fastened to the cask
body by fifty-two bolts. The interspace
between the primary lid and the secondary
lid is used as part of the cask monitoring
system (see Figure 6).

The secondary lid for Version II is made
of forged carbon steel (like the cask body)
and is attached to the cask body with a mul-
tipass narrow groove weld (see Figure 7a,
7b, 7c). There are no penetrations of the lid
in Version II and the pressure in the inter-
space between the lids is not monitored.

Table 2. Dimensions and Weight
of the CASTOR® X/32 S Cask

3.2 Containment Monitoring (Version I
only)

The interspace between the primary and
the secondary lid is filled with helium and is
used as part of the cask monitoring system.

Dimension
Overall Length
Outside Diameter
Cavitv Diameter
Cavitv Length
Bodv Wall Thickness
Primary Lid Thickness
Secondarv Lid Thickness
Bottom Thickness
Bottom Plate Thickness
Moderator Rod Thickness

Cask Weight*:
Cask Weight (without FueH
Basket
Cask After Loading

mm
4,850
2,326
1,730
4,155

298
260

80
222

35
70

kg
81,922
14,539

(without water and secondarv lid") 1 04.322
Loaded On Storage Pad

*Weights determined theoretically,

106,774

in
190.9
9L6
68.1

16.3.6
11.8
10.2

3.16
8.74
1.38
2.76

Ih
180,557
32,052

229,926
235.330

in practice deviation can occur.

The initial pressure of the interspace is set to a pressure of
0.7 MPa (100 psi). A pressure switch is mounted in the sec-
ondary lid and is wired to an alarm system in the ISFSI.

3.3 Neutron Shielding
Neutron shielding on the cask is provided in both the radial
and axial directions.

Neutron shielding in the radial direction is provided by

Table 3. Material Specification
for the CASTOR® X/32 S

Item
Cask body
Primary lid
Secondary lid (Version I)
Secondary lid (Version II)
Bottom plate
Lid bolts
Trunnion
Trunnion bolts
Fuel assembly receptacles
Heat transfer plates and
absorber aod modules (ARMs)
Gusset plates
Basket restrainers
Bolts for structural support
Metallic O-ring
Neutron shielding
Cask cavity inside coating
Cask outside coating

Material
Carbon steel
Martensitic steel
Martensitic steel
Carbon steel
Stainless steel
Stainless steel
Martensitic steel
Stainless steel
Stainless steel
Composite of A1/B4C

Aluminum
Martensitic steel
Stainless steel
Al/Inconel Helicoflex®
Polyethylene
Aluminum flame spray
BROCOPHAN

Specification
SA-508 4N, Class 3
SA-182, Grade F 6NM
SA-182, Grade F 6NM
SA-508 4N, Class 3
SA-263 or 304
SA-479, Grade 414
SA-182, Grade F 6NM
SA-479, Grade 414
SA-240 Grade 321
Minimum 0.09615 g/cc
Boron 10
SB-209
SA-182, Grade F 6NM
SA-479, Grade 414

WSl-PE-HD-01,Ind.02
Report No. 2000321
Brocolor® Lackfabrik
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polyethylene rods set into two concentric rows of axial bore
holes of 70 mm (2.75 inches) diameter in the wall of the
cask body. Each concentric row contains sixty-two bore-
holes for a total of 124 boreholes, (see Figure 2). The bore-
holes in the two concentric rows are offset to provide an
unbroken line of neutron shielding for radiation from the
cask cavity.

Neutron shielding in the axial direction at the lid and bot-
tom area is provided by polyethylene disks.

3.4 Fuel Basket
The fuel basket provides support of the fuel assemblies, con-
trol of criticality, and a path to conduct heat from the fuel
assembly to the cask body.

The configuration of the fuel basket in the cask cavity is
illustrated in Figure 8. The fuel basket is designed to accom-
modate up to thirty-two intact PWR fuel assemblies. Fuel
receptacles are manufactured by the welding of stainless
steel plates to enclose and secure the fuel assemblies. The
stainless steel fuel receptacles are held in place by a basket
gridwork of borated aluminum plates and gusset plates
assembled inside the cask cavity (see Figure 9).

The borated aluminum plates of this basket gridwork
provide heat conductivity. The boron content of these plates
assures safety of nuclear criticality.

Except for the welding along the length of the stainless
steel fuel receptacles, the fuel basket for the CASTOR®
X/32 S is manufactured with no weldings. The fuel recepta-
cles and borated aluminum plates are manufactured to close
tolerances. Mechanical techniques are used to form the bas-
ket gridwork and to assemble it together with the fuel recep-
tacles inside the body cavity of the CASTOR® X/32 S.

GNB has already fabricated a prototype basket to show the
feasibility of this basket concept (see Figures 10, 12, and 13).

The closely fitting borated aluminum plates of the basket
gridwork fix the square-shaped stainless steel fuel recepta-
cles in a central position inside the cask cavity. This compact
close-tolerance arrangement is intended to minimize the
movement of the fuel assemblies relative to each other and

Table 4. Component Temperatures for
Conditions of Normal Storage with an Initial

Decay Heat Load of 32 kW

Components
Cask Wall (ID)
Cask Wall (OD)
Bottom Plate
Primary Lid Seal
Secondary Lid Seal
Fuel Cladding
Fuel Basket
Aluminum Gusset
Inner Moderator Rods
Outer Moderator Rods

Maximum(°C)
114
98

119
80
75

258
239
121
112
105

to the cask body under normal, off-normal, and accident
conditions.

Stainless steel supports (basket restrainer) are bolted to the
top of the cask cavity to protect the primary lid from dynamic
loads coming from the weight of the gusset plates and the
outer row of fuel assembly receptacles (see Figure 3).

3.5 Operational Features
The CASTOR® X/32 S cask is designed for dry storage of
thirty-two intact PWR fuel assemblies and six associated
BPRAs.

Each fuel assembly is assumed to have a maximum ini-
tial enrichment of 5 percent by weight of U-235. Further, the
fuel is assumed to have a maximum of 45,000 MWD/MTU
burnup, a minimum storage time of between 2.9 and 9.5
years in the spent fuel pool after reactor discharge, and a
maximum decay heat load of 1.0 kW per assembly. If the
assembly is loaded together with a BPRA, the total heat load
of the assembly and BPRA must not exceed 1 kW. Thus, the
CASTOR® X/32 S has a total heat dissipation capability of
32 kW. The heat rejection dissipation capability of the cask
CASTOR® X/32 S maintains the maximum fuel rod
cladding temperature below the limit of 342°C. The calcu-
lated maximum fuel rod cladding temperature of 258°C is
based on normal operating conditions with a 32 kW decay
heat load, 27°C (80°F) ambient air and insolation. The fuel
assemblies are stored in an inert helium gas atmosphere.

The shielding features of the cask CASTOR® X/32 S are
designed to maintain the average surface combined gamma
and neutron dose rate to less than 2 mSv/h (200 mrem/hr)
under normal operating conditions.

The criticality control features of the cask CASTOR®
X/32 S are designed to maintain the neutron multiplication
factor k-effective (including uncertainties and calculational
bias) at less than 0.95 under normal, off-normal, and acci-
dent conditions.

Depending on the enrichment, some of the fuel assembly
must be equipped with specifically engineered insertable
ARMs for additional nuclear criticality safety.

4. Result of the Thermal Analysis
Thermal Evaluation for Normal Storage Conditions
The CASTOR®X/32 S was examined under a maximum
internal heat load of 32 kW using the three-dimensional
ANSYS-FEA model (see Figures 13, 14, 15, and 16). The
temperatures of fuel assemblies and cask components were
found to be within the specified limits. The temperature con-
tours are shown in Figures 17, 18, 19, and 20.

The highest temperature in the model occurs in the inner
fuel assembly and has a value of about 258°C (496°F).
Figure 21 shows a plot of the radial temperature distribution
at the highest temperature cross-section.

Figure 22 shows a plot of the thermal flux at the highest
temperature cross-section. Table 4 is a tabulation of the
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maximum temperatures for components in the CASTOR,
X/32S.

Thermal Evaluation for Accident Conditions

Fire Event

Figure 23 shows the temperature history of the cask compo-
nents during the fire event.

Burial Event

Figure 24 shows the temperature history of the cask compo-
nents during the burial event. In the burial event, the cask
cannot dissipate heat to its surroundings and will, therefore,
continue to heat up until it is uncovered. The FEA results
demonstrate that the maximum operating temperature spec-
ified for the lid seal of the Version I cask of 300°C (572°F)
is not exceeded up to 100 hours after burial. Similarly from
Figure 26 it is seen that the fuel temperature does not exceed
the limit of 570°C (1,058°F) up to 100 hours after burial.

Figure 25 shows the temperature history of the cask
components during the 100 hour analyzed period of the
loading event.

5. Results of the Shielding Analysis
Shielding for the CASTOR® X/32 S is provided by the
thick-walled cask body and the lid system. For neutron
shielding, polyethylene rods are arranged in longitudinal
boreholes in the vessel wall and polyethylene-plates are
inserted between the primary and secondary lid and between
the cask bottom and bottom steel plate. Additional shielding
is provided by the basket structures.

The source terms for the design spent PWR fuel and six-
teen assumed BPRAs are determined using ORIGEN-2.1.
The shielding analyses are performed with MCNP-4B and
the model shown in Figures 26 and 27.

The expected maximum dose rates from the CASTOR®
X/32 S for normal and off-normal conditions are provided in
Table 5.

6. Results of the Criticality Analysis
It is demonstrated by KENO Va-Code that
the effective neutron multiplication factor
(keff) of the CASTOR® X/32 S, including all
biases and uncertainties does not exceed
0.95 under all credible normal, off-normal,
and accident conditions.

Criticality safety of the CASTOR®
X/32 S depends on the following principal
design criteria (see Table 6):

• The geometrical structure of the fuel
basket.

• The permanent fixed neutron-absorbing materials in
the fuel basket structural parts.

• A limitation of the maximum enrichment for PWR
Uranium fuel.

• The neutron absorber rod module inserted in some
guide tubes of the fuel assembly.

• Soluble boron during cask loading to cover possible
misloadings.

• The neutron-absorbing material is used in both the
fuel basket structural parts and the ARMs inserted in
the guide tubes of the intact PWR Zircaloy-clad fuel
assemblies. For this material, a minimum boron-10
content of 0.09615 gm/cc (prior to reduction in the
analytical models) is required. The analysis utilizes
only 75 percent of this as recommended in NUREG-
1536.

The CASTOR® X/32 S is designed for dry storage (no
moderating water present in the cavity), and under storage
conditions the reactivity is very low (keff < 0.55). However,
the CASTOR® X/32 S is also designed for later transport,
and thus, the flooded state is the limiting case in terms of
reactivity.

Optimum moderation (fresh water with a density of
1 g/cm3) is considered in performing the criticality analyses.
However, since the cask will later be licensed for transport,
nonuniform flooding due to a tilted cask in a body of fresh
water will be assumed.

With regard to the fresh fuel, credit is taken for U-234
but ho credit is taken for the U-236 content. The fuel stack
density is assumed to be 96 percent (10.5216 g/cm3) of the-
oretical for all criticality analyses. No credit is taken for fuel
pellet dishing or chamfering.

The fuel basket with its thirty-two fuel assembly posi-
tions is designed such that the neutron-absorbing material is
fixed and will remain effective for storage periods greater
than twenty years. There are no credible conditions that will
displace the neutron-absorbing material.

Criticality safety of the CASTOR® X/32 S does not rely
on the use of:

• fuel-related burnable neutron absorbers; or
• more than 75 percent of the B-10 content for the fixed

Table 5. Normal/Off-Normal Surface Dose Rates

Dose Rates at Cask Surface for Normal and Off-Normal Conditions
Cask Content: 32 Design Basis Fuel Assemblies Plus 16

Inserted Design Basis BPRAs
Dose point location

Lid; center
Stop; averaged
Smidi averaged
Sbot; averaged

Gamma dose rate
uSv/h (mrem/h)

210 (21)
1,290 (129)
1,350 (135)
1,250 (125)

Neutron dose rate
uSv/h (mrem/h)

130 (13)
370 (37)
600 (60)
160 (16)

Total dose rate
uSv/h (mrem/h)

340 (34)
1,660 (166)
1,950 (195)
1,410 (141)
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Table 6. Criticality Results

Number
of ARMs

Enrichment Limit
(wt % U-235)

Fuel Manufacture
and Type

Calculated kefr Uncertainty in
Calculated keff(lo)

Value to Compare to
USL of 0.9413

CE 14X14 Plants
8

16

20

24

28

3.01

3.60

4.06

4.33

5.00

CE - Standard
Westinghouse
ANF
CE - Standard
Westinghouse
ANF
CE - Standard
Westinghouse
ANF
CE - Standard
Westinghouse
ANF
CE - Standard
Westinghouse
ANF

0.9365
0.9402
0.9319
0.9352
0.9388
0.9329
0.9356
0.9392
0.9325
0.9353
0.9372
0.9298
0.9342
0.9367
0.9289

0.0007
0.0004
0.0012
0.0012
0.0004
0.0012
0.0004
0.0004
0.0004
0.0014
0.0005
0.0011
0.0014
0.0008
0.0012

0.9379
0.9410
0.9343
0.9376
0.9396
0.9353
0.9364
0.9400
0.9333
0.9381
0.9382
0.9320
0.9370
0.9383
0.9313

St. Lucie Unit 2 (CE 16X16 short)
8

16
20
24
28
32

3.00
3.51
3.94
4.20
4.74
5.0

CE
CE
CE
CE
CE
CE

0.9402
0.9402
0.9400
0.9399
0.9370
0.8953

0.0004
0.0004
0.0004
0.0004
0.0004
0.0008

0.9410
0.9410
0.9408
0.9407
0.9378
0.8969

Westinghouse 14X14 Plants
8

16

20

28

3.36

4.22

4.83

5.00

W - Standard
W-OFA
ANF - Standard
ANF Top Rod
W - Standard
W-OFA
ANF - Standard
ANF Top Rod
W - Standard
W-OFA
ANF - Standard
ANF Top Rod
W - Standard
W-OFA
ANF - Standard
ANF Top Rod

0.9356
0.9396
0.9296
0.9299
0.9345
0.9388
0.9267
0.9290
0.9335
0.9392
0.9259
0.9265
0.9260
0.9305
0.9179
0.9180

0.0009
0.0004
0.0012
0.0011
0.0008
0.0007
0.0012
0.0013
0.0009
0.0008
0.0013
0.0013
0.0013
0.0013
0.0013
0.0013

0.9374
0.9404
0.9320
0.9321
0.9361
0.9402
0.9291
0.9316
0.9353
0.9408
0.9285
0.9291
0.9286
0.9331
0.9205
0.9206
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neutron absorber in the cask components.
The worst hypothetical combination of dimensional tol-

erances (most conservative values within the range of
acceptable values) is considered for analyses, in compliance
to NUREG-1536.

Criticality analyses assume the use of ARMs located in
guide tube positions of assemblies in specific locations in
the cask.

Maximum neutron multiplication factors keff (max)
resulting from criticality analyses considering
CASTOR®X/32 S cask loads consisting of thirty-two PWR
fuel assemblies and varying number of ARMs are presented
in Table 6. The ARM arrangements are found in Figure 28.

7. Results of the Structural Analysis
The stresses in all structural components of the CASTOR®
X/32 S due to the loads of normal operations and accident
conditions have been determined by a combination of closed
form calculations and finite element analysis. Other consid-
erations such as basket deflection (for criticality purposes)
and fracture toughness for the cask body and the weldings
and fuel rod creep and stresses are also analyzed.

The results of the analyses of the stresses induced in
components of the CASTOR® X/32 S under the loads of
normal operations and accident conditions are tabulated as
an example in Table 7 together with the ASME Code allow-
able stresses for comparison.

The structural analyses demonstrate that the CAS-
TOR® X/32 S meets all requirements of the ASME Code
under the loads of normal service and accident conditions.
Figures 29 through 32 show the ANSYS model and the
stress intensity contour plots. Figure 33 shows the tangential

creep of the cladding material versus storage time.
The trunnions are capable of meeting the criteria of

ANSI 14.6. All loading conditions are conservative and
envelop the actual and hypothetical conditions specified for
this cask.

Figures 34 and 35 show the FEM trunnion model and the
stress intensity plott.

8. Conclusion
The results of the thermal, shielding, criticality, and struc-
tural analysis have shown that the cask design is in full com-
pliance with all applicable federal requirements.

9. Further Activities of GNB in the Field of Storage
and Transportation of Spent Fuel
Further cask development and licensing steps are shown in
the time schedule (see Figure 36).

The storage license for the PWR cask will be available in
2002.

The SAR for the the transportation cask will be prepared
in this time and will be applied to the NRC in first quarter of
2001. For this application the intention of GNB is to use
burnup credit for this cask. In case we use burnup credit, we
can remove most of the ARMs out of the fuel assemblies;
this gives more space for additional BPRAs. The transport
license for this cask will be available in early 2003.

GNB intends to cooperate with U.S. fabricators to start
the production of the prototype cask after receiving a posi-
tive evaluation from the NRC for the Transport SAR in early
2002.

The licences for the BWR-cask will be available after
issuing the PWR-cask license.

Table 7. Summary of Maximum Stress Intensity — Case NCI and NCTl CASTOR® X/32 S — Cask Body and Lids

Service Condition

Normal
Mechanical Loads
Only

Normal
Mechanical Plus
Thermal

Component

Cask body

Primary lid

Secondary lid (Version I)

Secondary lid (Version II)

Cask body
Primary lid
Secondary lid (Version I)
Secondary lid (Version II)

Stress Category

Pm

Pm + Pb

Pm

Pm + Pb

Pm

Pm + Pb

Pm

Pm + Pb

Pm + Pb + Q
Pm + Pb + Q
Pm + Pb + Q
Pm + Pb + Q

Maximum Stress
Intensity MPa (ksi)

39.3 (5.7)

6.8 (1.0)

81.9 (11.9)

81.9 (11.9)
60.5 (8.7)
22.9 (3.3)
87.3 (12.7)
87.3 (12.7)

Allowable Stress
Limits MPa (ksi)

206.9 (30.0)
310.3 (45.0)
264 (38.3)
396 (57.5)
264 (38.3)
396 (57.5)
206.9 (30.0)
310.3 (45.0)
620.7 (90.0)
792 (115.0)
792 (115.0)
620.7 (90.0)

Margin to
Allowable

5.3
7.9

38.8
58.2
3.2
4.8
2.5
3.8

10.2
34.6
9.1
7.1
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STUDS FOR PRIMARY LID

GUSSET PLATES

Figure 1. View into the Cask Cavity Figure 2. General Arrangement Vertical Section

.Gusset Pistes, Ai

Caste Body, Carbon Ste

Figure 3. General Arrangement Cross-section

Port used for sea! testing
Sirrilar arrangement
provided for the primary lid

Figure 4. Seal Arrangement for Primary and
Secondary Lid
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Figure 5. Version 1 Confinement Boundary Figure 6. Lid Assembly, Version I Detail B

0 1988.5+0.1

Figure 7a. Lid Assembly, Version II Welded Closure
(Secondary Lid)

Figure 7b. Detail Drawing Secondary Lid, Version II
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Figure 7c. Micrograph of Secondary Lid Weld Figure 8. Fuel Assembly Basket

for Heat Transfer and Suboritioality All DlTOMioM in mm.

Figure 9. Partial Basket Layer General Arrangement Figure 10. Basket Side View
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Figure 11. Basket Top View Figure 12. Basket Detail View

Figure 13. Overall Finite Element Model Figure 14. Detail of Typical Cross-section
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Figure 15. Cask Wall Model with Moderator Holes
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Figure 16. Fuel Assembly 1/4 Symmetry Model

Figure 17. Fuel Rod Temperature Figure 18. Normal Storage — Temperatures for Fuel
Assembly
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Figure 20. Temperature Contours for

Models with Holes
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Figure 21. Normal Storage — Radial Temperature
Distribution at Highest-Temperature Cross-section
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Figure 22. Normal Storage — Heat Flux Plot at
Highest-Temperature Cros-section

Fire Event Component Temperature versus Time

(First 2 J hours)
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-Cask Wail OD Top

- Primary Lid Seal

Secondary Ud Seal
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- inner Moderator Bottom

-Outer Moderator Bottom

-Fuel

-Cask Wall OD Bottom
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Inner Moderator Mid Height

Inner Moderator Top

Outer Moderator Mid Height

Outer Moderator Top

Figure 23. Fire Event, Component Temperature
versus Time
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Burled Event - Component Temperature versus Time
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Figure 24. Burial Event, Component Temperature
versus Time

Loading Event - Component Temperature versus Time

Figure 25. Loading Event, Component Temperature
versus Time
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Figure 26. Radial Cross-section of the MCNP-B-Model Figure 27. Axial Cross-section of the MCNP-4B-Model
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Figure 28. ARM Positions Figure 29. Finite Element Model — Lid Bolt Analysis
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Figure 30. Stress Intensity Contour Plot — Interspace
Pressure of 0.7 MPa

Figure 31. Finite Element Model — External Pressure
2.0 MPa
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Figure 33. Tangential Creep versus Time Start
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Spent Fuel Storage Overviews on a
Worldwide Basis

Peter Dyck
Nuclear Fuel Cycle and Materials Section

International Atomic Energy Agency
Vienna, Austria

1. Introduction
Spent nuclear fuel is indeed in the very center of the discussions
about energy, environment, and security.

In this context, the IAEA has played an important role
since it was created upon the initiative of President
Eisenhower as a response to his call for Atoms for Peace.

The IAEA has, at present, 130 member states that share
the interest in the peaceful use of the atom. However, related
to nuclear energy and the fuel cycle, their interests may dif-
fer considerably. It is evident that with regard to the peace-
ful use of the atom, the member states consider the issue of
spent-nuclear fuel very important. There are not only the
countries with installed nuclear power programs that have an
interest in nuclear fuel issues, but also those considering
embarking on nuclear power. There are those that do not
have nuclear power but are located along or close to trans-
port routes of spent fuel and those that have potential or
actual fuel-cycle facilities close to their borders.

In the first part, the spent fuel arising (globally and per
region) is assessed and put in balance with the storage capac-
ities available, in the second part, some information is given
on the status of AFR-storage facilities in different countries.

2. Status of Spent Fuel Arising
The data and forecasting on spent fuel arising are based on
IAEA statistics and forecasts on the power generation, the
amounts of spent fuel actually generated, and forecasts of
the amount to be generated.

2.1. Status of Nuclear Power
Today the growth of nuclear power is at a standstill in
Western Europe and North America, while it is expanding in
parts of Asia and Eastern Europe. At the end of last year, 433
nuclear reactors were operating in thirty-one countries. They
provided about 17 percent of the global electricity supply.

The total operating nuclear capacity by the end of 1999
was 349 GWe, thirty-seven reactors were under construction
with a total additional capacity of 31 GWe.

2.2. Spent fuel arising at the global scale
The total amount of spent fuel cumulatively generated world-
wide at the end of 2000 was expected to be close to 230,000
metric tons of heavy metal, (tHM). The annual discharge rate
is about 10,500 tHM.

Projections indicate that the cumulative amount gener-
ated by the year 2010 may be close to 340,000 tHM. (See
Figure 1.)

By the year 2020, the period when most of the presently
operated nuclear power reactors will be close to the end of
their designed operation life time, the total quantity of spent
fuel generated will be approximately 445,000 tHM.

In the assumption that, for the near future, the used
global reprocessing capacity will be in the order of 4,000
metric tons per year, we can state that the quantity of the
stored spent fuel at present is about thirty-five times the
reprocessing capacity. In other words, we would need some
thirty-five years to reprocess all the spent fuel that has been
stored to date.

2.3 Spent-fuel storage in world regions
On a regional basis, the picture for the spent fuel stored and
to be stored is as follows. (See Figure 2.)

Sf discharged j

reprocessed

\ w SP stored j

"990 1985 2000 2005 2010 2P15 2020

Figure 1. Spent fuel worldwide discharged, reprocessed,
and stored
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By the end of 2000 the amount of the spent fuel that we
expect to be in storage is:

Western Europe: about 32.5 ktHM
Eastern Europe: about 22.8 ktHM
North and South America: about 72 ktHM
Asia and Africa: about 17.7 ktHM
The total amount is, as mentioned before, about

145,000 tHM.
The best estimate for the coming decades is:
Western Europe: quasi-constant quantities (even slight

decrease) of spent fuel to be stored. This means less fuel dis-
charged than reprocessed.

Asia, Africa, and Eastern Europe will quasi-double their
spent fuel volume to be stored in the coming ten years.

In the Americas: quasi all fuel discharged will be stored.

2.4 Spent-fuel storage according to storage type
As you can see from Table I, various types of wet- and dry-
storage facilities are operating in our member states. The
current global world storage capacity is slightly more than
239,000 tHM, and thus exceeds, by about 94,000 metric
tons, the capacity needed by the end of 2000.

Countries operating nuclear power plants at present are
or were increasing then" existing at-the-reactor storage
capacity by reracking the storage pools with high-density
racks, by implementing burnup credit or by commissioning
AFR-storage facilities.

Globally, all types of storage facilities have excess
capacity available. Figure 3 compares the capacities of the
various storage types with their current inventories.

The storage capacity of new facilities, presently under
construction in the various regions can be seen in Table II.
The capacities under construction are limited (from about
1.5 ktHM in Asia to 6.8 ktHM in the Americas). The total
present capacity growth, some 12.9 ktHM, assured by the
facilities under construction, is in equilibrium with the
upcoming amounts of spent fuel. Table II indicates that the
dry-storage away-from-reactor sites are getting preference.

2.5 Balance between arising and existing storage capacity
We estimate that, on a worldwide basis, the spent fuel aris-
ing will fill the existing storage facilities and those under
construction by around the year 2015 if no
additional facilities are built by that time.
(See Figure 4.)

However, there is no reason to believe
that no new construction projects for stor-
age will be launched. Consequently, we do
not expect a storage shortage globally.

A worldwide or regional approach does
not imply any problems. On a national
level, a shortage may occur if no construc-
tion or expansion can be financed or
licensed.

Indeed, nationally, the situation differs

from country to country and sometimes even from utility to
utility. In some cases, the storage pools are fully occupied by
spent fuel allowing emergency core unloading only by spe-
cial measures. Hence, additional storage capacity has to be
installed in time to avoid this problem. In other cases, addi-
tional storage capacity has to be installed in time to replace
wet-storage facilities which cannot be refurbished. In partic-
ular in some countries of Eastern Europe, plant operation
might be jeopardized if additional storage capacity cannot
be installed in time.

In the past, most of the countries in this region heavily
relied on the Soviet Union for their spent-fuel management.
Spent-fuel return agreements signed in the past with the for-
mer Soviet Union were abandoned or amended on a com-
mercial basis. Due to economic constraints, most countries
did not opt for the commercial contracts. As a result, many

Figure 2. Spent fuel stored by regions

Table II. Spent-fuel Storage Capacity Under
Construction

Region

Western Europe
Eastern Europe
North America
Asia
Total

APR wet
storage
tHM

3,000

700
3,700

AFRdry
storage
tHM

1,600
6,800

800
9,200

Total
capacity
tHM
3,000
1,600
6,800
1,500

12,900

Table I. Spent-fuel Storage According to Storage Type

Region

Western Europe
Eastern Europe
America
Asia & Africa
Total

NPP pool
storage
capacity tHM

28,265
11,913
94,662
27,924

162,764

AFR wet
storage
capacity tHM

32,270
20,788

1,712
1,725

56,495

AFR dry
storage
capacity tHM

10,416
1,471
6,342
1,737

19,966

Total
storage
capacity tHM

70,951
34,172

102,716
31,386

239,225

Spring 2001 JNMM • 39



nuclear power plants in this region are or will be faced with
a shortage of spent-fuel storage capacity.

In other cases, additional storage capacity has to be
installed in time to replace wet storage facilities which can-
not be refurbished, as it is the case in Chernobyl.

If there will be a delay in reprocessing, more spent fuel
needs to be stored. This situation would demand more stor-
age capacity. Further postponement of the decision on the
development of final repositories will also lead to a higher
demand for spent-fuel storage capacity.

3. International Storage Programs
Western Europe
Belgium designed and licensed a storage capacity which
corresponds to forty years operation of all NPPs. The
Tihange NPP operates an APR wet-storage facility with a
pool capacity of 3,700 fuel assemblies. The dry-storage
facility at DOEL can accommodate sixty casks, each cask
with twenty-eight fuel assemblies. The second building is
already authorized.

Finland operates APR wet-storage facilities at each of
their BWR and WWER NPPs.

France has a huge storage capacity (14,400 tHM) at the
La Hague reprocessing plant used for spent fuel awaiting
reprocessing. Cogema is considering extending this storage
capacity to 18,000 tHM. A license application was already
filed and a public inquiry was held in spring 2000. Cogema
is still waiting for a license.

A dry vault storage cascade is operated at Cadarache. It
is used for research reactor fuel.

Germany operates four APR dry-storage facilities using
mainly CASTOR casks and two APR wet-storage facilities.
The Ahaus dry-storage facility is licensed for 370 LWR and
305 THTR casks. Six CASTOR V LWR-casks and 305
THTR-casks are stored. The Gorleben dry-storage facility is
licensed for 420 LWR and HLW casks. Five LWR casks and
three HLW casks are stored. At Greifswald the dry-storage
facility for WWER fuel is commissioned and licensed. It
will be loaded in 2001 with the WWER fuel now stored in
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Figure 3. Comparison of capacities and inventories of
different types of spent fuel storage

the Greifswald wet-storage facility. Several casks are
already loaded and prepared for storage. The dry-storage
facility at Juelich, licensed for 158 casks, is storing 154
CASTOR-AVR casks with the fuel from the pebble bed test
reactor, which was operated at the Juelich Research Center.
Obrigheim NPP commissioned an APR wet-storage facility
for 530 fuel assemblies which can be extended to 980 fuel
assemblies if necessary.

Due to the new policy in Germany to avoid transporta-
tion of spent fuel, license applications were filed for thirteen
APR dry-storage facilities at the NPP sites using dual pur-
pose casks. One license application was filed at the end of
1998, nine were filed in November and December 1999, and
three in February 2000. In four cases, the license application
includes also so-called interim storage. These interim stor-
age facilities are foreseen for about twenty-four casks and
are aimed to be available in a short time to bridge the time
necessary to license and build the dry storage facility. The
interim storage uses the same CASTOR casks that will be
used in the future. The difference is the casks will be placed
horizontally on a pad and covered by a concrete hood.

The NPP Emsland at Lingen, Lower Saxony, was the
first to file the license application and the first to receive a
license. Construction was started in October 2000. This
facility will have 100 positions for storage casks. The con-
cept is similar to the Ahaus and Gorleben storage facilities.
Neckarwestheim has, due to local conditions, a different
concept with two tunnels below surface.

Italy still stores 233 tHM spent fuel from the shut-down
reactors. They are evaluating a dry-storage facility using
storage casks.

The Netherlands will send all spent power-reactor fuel
abroad for reprocessing and store the waste and research
reactor fuel in a facility under construction.

Spain has reracked all reactor pools with high density
racks using burnup credit. The construction of a dry cask
storage facility at the Trillo site was started in early 2000 and
should be commissioned by end of 2001. Trillo is the first
NPP running out of storage space in 2003. The first two
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Figure 4. Predicted storage capacities by regions.
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dual-purpose metallic casks were also fabricated but not yet
licensed. A central dry-storage facility is planned for 2012.

Sweden operates the APR wet-storage facility CLAB
which was originally built for 3,000 tHM capacity. The use
of high-density canisters brought the capacity up. to 5,000
tHM. A second cavern is under construction for another
3,000 tHM, supplying sufficient capacity for the lifetime of
all Swedish NPPs.

Switzerland commissioned two APR dry-storage facili-
ties, the central storage ZWILAG with 200 cask positions
for spent fuel and HLW from reprocessing. The ZWIBEZ
facility, used only for the fuel and HLW from the reactors at
Beznau, has forty-eight cask positions. The first casks in
Switzerland will probably be loaded in 2001.

United Kingdom uses wet storage at the BNFL repro-
cessing plant at Sellafield for AGR and foreign LWR fuel.
Large storage pools are used to hold the spent fuel prior to
reprocessing. An APR modular vault dry storage facility is
used at the Wylfa NPP with a capacity of 2x350 tHM. This
facility is different from the other MVDS facilities. The fuel
is stored in a conveyor. The three reactors at Wylfa have no
spent-fuel storage pool. The Magnox fuel is transferred,
after discharge, to dry CO2 storage facilities with a capacity
of 86 tHM each.

Central and Eastern Europe
Armenia commissioned an APR dry-storage facility using
the NUHOMS technology. Eleven NUHOMS units were
built, each one capable of storing fifty-six WWER-440 fuel
assemblies. Six units have already been loaded.

Bulgaria has an APR wet-storage facility at Kozloduy.
This facility was refurbished during the last few years to meet
earthquake standards and has been in operation again since
last year. Bulgaria planned to send back some of their fuel to
Russia. Due to transit problems, this has not occurred yet. To
increase storage capacity it is now planned to investigate the
use of similar storage baskets as used in the Bohunice APR
wet-storage facility. This could increase the storage capacity
by more than a factor of two. However, it has to be investi-
gated if the construction of the building is able to take the
higher load under consideration that earthquakes have to be
taken into account. The decision to build a dry-storage facil-
ity was postponed but will be reconsidered.

Czech Republic has an APR dry-cask storage facility
using the CASTOR-WWER 440 cask with sixty cask posi-
tions equivalent to about 600 tHM. An extension of this facil-
ity by another 1,340 tHM has been decided. A new storage hall
will be built parallel to the one in operation. This facility will
be needed by 2006. For Temelin, a dry-storage facility with a
capacity of about 1,370 tHM will be needed in the future.

Hungary has an APR modular vault dry-storage facility.
The vaults 4 to 7 went into operation in 2000. Construction
of vaults 8 to 11 started in 2000. Hungary is considering
changing to a different dry-storage technology in the future.

Lithuania operates at the Ignalina site an APR dry-stor-
age facility using the CASTOR-RBMK cask. The facility
has seventy-two cask positions. In September 2000, twenty
CASTOR casks (116 tHM) were loaded. Ignalina will now
switch to the CONSTOR-RBMK cask which is under
licensing. The cold tests with this cask have already been
performed. The hot trial tests are foreseen for spring 2001
followed by regular loading. Fifteen CONSTOR casks are
already available at Ignalina.

Romania plans to build an APR dry-spent fuel storage
facility with a capacity of 6000 tHM at their Cernavoda NPP
site. The tendering process was initiated in late 2000 with a
deadline for the offers on November 30. Five offers were
presented. The time for making a decision and the construc-
tion is very short as additional storage capacity will be
needed in April 2003.

Russia has operating APR wet-storage facilities for
RBMK fuel at Kursk, Leningrad, and Smolensk NPPs with
a total capacity of 15,972 tHM. Other AFR wet-storage
facilities for WWER fuel are operating at the Novo-
Voronezh NPP with 400 tHM capacity, at the Mayak repro-
cessing plant with 560 tHM capacity, and at Krasnoyarsk
with 6,000 tHM capacity. It is planned to use new baskets
for sixteen WWER-1000 fuel assemblies at Krasnoyarsk
instead of the baskets for twelve fuel assemblies. This will
increase the capacity to 9,000 tHM. A reprocessing plant has
been planned at Krasnoyarsk but has been postponed for the
time being. The Mayak storage capacity will be extended
but only for submarine fuel.

Russia is considering dry multi-vault storage for subma-
rine and icebreaker fuel in the Arctic area and with the sim-
ilar technique a central storage facility at Krasnoyarsk for
RBMK fuel. Storage casks have been developed for subma-
rine fuel but not licensed by Gosatomnadzor. The same cask
type was foreseen for RBMK fuel. Due to the large number
of RBMK fuel assemblies it is not likely that only casks will
be used. The number of casks would be too high and so this
storage technology too expensive for Russia.

Slovak Republic operates an AFR wet-storage facility at
Bohunice. The facility has been renovated to meet enhanced
safety criteria. As a part of the renovation the capacity was
increased from 600 tHM to 1,693 tHM (14,112 fuel assem-
blies) by using new high-density baskets with a different
shape. Mochovce can store its fuel in the at-reactor pools
until 2006 in unit 1 and until 2008 in unit 2. The Slovak
Republic is considering send some fuel to the Bohunice
AFR storage facility. In the long run, Mochovce needs an
AFR storage facility of its own.

Slovenia has a pool capacity for 470 fuel assemblies
equivalent to 193 tHM at Krsko NPP. In spring 2000, the
Krsko operator signed a contract for reracking the spent-fuel
pool that should be completed by 2003. The installed capac-
ity (1,750 locations) will be sufficient for plant life. In case
of plant life extension, it may be possible to extend the
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capacity to 2,400 locations.
Ukraine currently has one APR wet-storage facility for

the RBMK fuel in Chernobyl. An APR VSC dry-storage
facility was commissioned at Zaporozhe NPP but a license
has not yet been granted due to concerns that still have to be
resolved. The initial capacity of this facility is fourteen
VSC-24 units, 140 tHM.

Commissioning of 256 NUHOMS modules is scheduled
for late 2001 at the Chernobyl site. The NUHOMS modules
will be built in two parallel lines of 128 modules. This
capacity is sufficient for the 25,000 RBMK fuel assemblies
(2,867 tHM) of the Chernobyl site. Each module contains
about 11.2 tHM. Plans are to load about 2,500 fuel assem-
blies per year into the storage facility.

Asia and Africa
China is commissioning a wet-storage facility with a
capacity of 550 tHM at its reprocessing plant. This
facility should be operational soon.

India has a wet-storage facility at Tarapur for 2,000
BWR assemblies and a dry-storage facility that uses casks.
The annual spent fuel arising is about 230 tHM. However,
the information currently available is limited.

Japan operates a wet and a dry APR storage facility at
Fukushima NPP. A second wet APR storage facility is oper-
ated at the Tokai reprocessing plant. A third wet APR storage
facility with 1,600 tHM capacity has been commissioned and
certified for operation at the second reprocessing plant at
Rokkasho. However, this facility has not been licensed by the
local authorities. There are plans to build an APR dry-cask
storage facility for long-term storage until 2010.

Kazakhstan packaged the spent-fuel assemblies from the
B-350 core in special dry containers which are deposited in a
salt mine for interim storage. This is a kind of dry storage,
because the containers are welded and filled with Argon.

Republic of Korea has two dry APR storage facilities in
operation at Wolsong with a site capacity of 3,078 tHM. The
at reactor wet storage capacity at the Kori, Yongwang, and
Ulcin NPPs were increased by using high-density spent-fuel
racks. Korea is considering a central wet-storage facility to
be operational in 2006.

Pakistan has one reactor in operation. There is no infor-
mation on their storage capacities.

South Africa plans to rerack the spent-fuel storage pool
with high-density racks. ESCOM owns four CASTOR
X/28/F dual-purpose casks with a dry-storage capacity of
about 52 tHM which were loaded to give space in the pools
for reracking.

The Americas
Argentina has a wet APR storage facility for spent fuel at
the Atucha NPP and a dry APR storage facility for spent fuel
at the Embalse NPP. At the Atucha I pool 2, a project of
reracking is underway to enlarge the capacity.

Brazil currently stores its spent fuel in the reactor pool at
theAngralNPP.

Canada has dry APR storage facilities at the decommis-
sioned stations Chalk River, Gentilly 1, Whiteshell, and
Douglas Point with 465 tHM in storage and at the stations in
operation at Point Lepreu with concrete silos and a capacity
of 722 tHM, Gentilly 2 with CANSTOR and 953 tHM
capacity, and Pickering with dry-storage containers and 693
tHM capacity. Bruce will adapt a DSC-storage facility
which should be operational in 2002. Additional facilities
are under licensing at Pickering (stage II), and Bruce.
Another facility is planned at Darlington.

Mexico stores its spent fuel in the reactor pools of the
two Laguna Verde units.

United States stores most of its spent fuel in the at reac-
tors' fuel pools. Many pools have been reracked over the years
with high-density racks. Some utilities are using additional
dry-storage systems at their reactor sites. Currently, more than
2,000 tHM of the spent fuel are stored under dry condition at
seventeen sites in thirteen states. Several different systems are
in use: NUHOMS, VSC, CASTOR-casks, TN-casks, NAC-
casks, MC, and TranStor. The only APR wet-storage facility is
operated at Morris. There are another eighteen potential sites
for APR dry-storage under investigation.

4. Conclusions
I believe that, from an international organization's perspec-
tive, we can draw the following conclusions:

We have a relatively good view of the spent fuel aris-
ing from commercial reactors over the next fifteen to
twenty years.
. At present, there is sufficient spent-fuel storage capacity
on a worldwide basis. However, nationally or on a specific
site basis, the situation can be different and might need
urgent attention.

The first geological repositories for the final disposal of
spent fuel are not expected to be in operation before 2010.
Many countries have not yet started specific site investiga-
tions. As a consequence, the use of interim storage will be
the primary spent-fuel management solution for the next
decades in many member states.

More spent-fuel storage capacity is required beyond
2015, if countries defer their decision to choose geological
repositories.

The storage duration becomes longer than earlier antici-
pated, because of the selection of the wait-and-see policy
chosen by many nuclear power countries. The use of higher
enriched fuel with higher burnup results in higher decay heat
and longer storage periods.

Experience in spent-fuel storage during about thirty
years did not show any significant problems. However,
much longer storage periods have to be envisaged and the
additional challenges with regard to fuel and structure
behavior have to be taken into account.
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The Membership Committee of the
INMM welcomes your contributions
to the Member News section of the
JNMM. Please keep us up to date on
promotions, awards, retirements, and
other career news.

Send your news and photos to
Managing Editor Patricia Sullivan at
INMM Headquarters, 60 Revere
Drive.Suite 500, Northbrook, IL
60062, or by E-mail at
psullivan@inmm.org or by fax to
847/480-9282. Be sure to include a
day time phone number and e-mail
address.
• Managing Director Hiroyoshi

Kurihara of the Nuclear Material
Control Center and Assistant

New Members

Professor Yoshihiro Nakagome
of Kyoto University were recog-
nized for their outstanding contri-
butions to nuclear material man-
agement October 26, 2000, at an
event in commemoration of
Japan's nuclear energy. The
Japanese Minister of Science and
Technology Agency presented
the award.
Dr. Joseph P. Indus! was selected
by Brookhaven National
Laboratory to head its
Nonproliferation and National
Security Department. The
appointment became effective
January 1, 2001. The
Nonproliferation and National

Security Department includes the
Division of U.S.-Russian
Security Program Division, the
Safeguards and Arms Control
Division, and the International
Safeguards Project Office. Indusi
holds a Ph.D. from the State
University of New York at Stony
Brook, and has been involved in
safeguards and nonproliferation
programs at BNL since his
arrival in 1973. He is nationally
recognized for his technical con-
tributions to U.S. safeguards and
nonproliferation programs. He is
the former head of the
Safeguards and Arms Control
Division.

Svetlana Abakumova
Data Evaluation Officer
IAEA
Wagramer Strasse 5
P.O. Box 200
Vienna A-1400
Austria
E-mail: s.abakumova@iaea.org

Faisal Ajjeh
Safeguards Inspector
IAEA
Wagrammer Strasse 5
P.O. Box 200
Vienna A-1400
Austria
E-mail: f.ajjeh@iaea.org

Joy J. Angelelli
Y-12 Plant NMC&A Manager
BWXTY-12LLC
P.O. Box 2009
Oak Ridge, TN 37831
865/574-1077
Fax: 865/574-2596
E-mail: angelelli@yl2.doe.gov

Larry Avens
Project Leader
Los Alamos National Laboratory
MS E541
Los Alamos, NM 87545
505/667-2320
Fax: 505/667-7626
E-mail: lra@lanl.gov

Fred J. Davis
Associate Director for Research
Amarillo National Research Center
600 S. Tyler, Suite 800
Amarillo, TX 79101
806/376-5533
Fax: 806/376-5561
E-mail: davis@anrc-research.org

Murthy Devarakonda
Program Manager
IT Corporation
5301 Central Avenue, ME
Suite 700
Albuquerque, NM 87108
505/262-8742
Fax: 505/262-8855
E-mail: mdevarakonda
@theitgroup.com

Eva Gyane
Information Assistant
IAEA
Wagramer Strasse 5
P.O. Box 200
Vienna A-1400
Austria
E-mail: e.gyane@iaea.org
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Hiroshi Hoida
Lead Project Leader
Los Alamos National Laboratory
NIS-NAC E550
Los Alamos, NM 87545
505/665-1884
Fax: 505/665-1235
E-mail: hhoida@lanl.gov

Amy Katrice Johnson
MC&A Manager
BNFL Inc.
P.O. Box 5689
Attn: Project Security
Oak Ridge, TN 37831
865/241-0273
Fax: 865/241-0453
E-mail: ajohnson@bnfl-ettp.com

Kyung-Jin Kim
Principal Administrator
TCNC KAERI
P.O. Box 105, Yusong
Taejon 305-600
Korea
E-mail: kjkim@kaeri.re.kr

Chang Kook Yany
Auditor
KEPCO Nuclear Fuel Co
150 Dukjin-dong Yusong-ku
Taejon 305-353
Korea
E-mail: ckyang@mail.knfc.co.kr

Donald R. Ludwick, Jr.
Senior Security Specialist
Westinghouse Safety Management
Solutions
P.O. Box 5388
Aiken, SC 29804-5388
803/648-2418

Terry C. Moore
Regional Sales Manager
BICRON
343 Knollwood Lane
Woodstock, GA 30188
770/926-1660
Fax: 770/926-5541
E-mail: terence.c.moore
@ bicron.sgca.com

Francis F. Mousty
Senior Officer
CEC
Inst. for Systems Informatics
and Safety
JRC Ispra
27020
Italy
E-mail: francis.mousty@jrc.it

Seong-Won Park
Principal Researcher
KAERI
P.O.Box 105, Yusong
Taejon 305-600
Korea
E-mail: nswpark@nanum.kaeri.re.kr

Noah Pope
Technical Staff Member
Los Alamos National Laboratory
MS E541
Los Alamos, NM 87544
505/665-2024
Fax: 505/667-7628
E-mail: npope@lanl.gov

William Russ
Assistant Nuclear Engineer
Argonne National Laboratory West
P.O. Box 2528
Idaho Falls, ID 83403-2528
208/533-7371
Fax: 208/533-7344
E-mail: russ@anl.gov

Joyce A. Van Berkel
Safeguards Information Analyst
IAEA
Wagramer Strasse 5
P.O. Box 100
Vienna A-1400
Austria
E-mail: j.vanberkel@iaea.org

Tracy Wenz
Technical Staff Member
Los Alamos National Laboratory
P.O. Box 1663, MS E540
Los Alamos, NM 87545
505/665-4434
Fax: 505/665-4433
E-mail: twenz@lanl.gov

Myung Seung Yang
Principal Researcher
KAERI
P.O. Box 105, Yusong
Taejon 305-600
Korea
E-mail: msyang@kaeri.re.kr

Seuk-Soon Yim
Research Fellow
TCNC KAERI
P.O. Box 105, Yusong
Taejon 305-600
Korea
E-mail: ssyim@kaeri.re.kr

Jae-Hyung Yoo
Principal Researcher
KAERI
P.O. Box 105, Yusong
Taejon 305-600
Korea
E-mail: njhyou@nanum.kaeri.re.kr
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INDUSTRY NEWS

Paducah Radiation Study
Released by DOE
From 1952-1991, an estimated 2,500 to
4,000 people worked in areas of the
Paducah Gaseous Diffusion Plant in
Paducah, Kentucky, that increased their
potential radiation exposure beyond that
expected for workers elsewhere in the
plant, according to a study released in
January by the U.S. Department of
Energy.

These highest-risk areas included the
Feed Plant, the Decontamination
Building, the Metals Building, and the
Cascade Building. The tasks which had
the most potential for increased expo-
sure included ash handling, cylinder
heels cleaning, derbies processing, pul-
verization operation, flange grinding,
and baghouse filter changing.

The study helps to focus future
health studies by identifying the job
types, locations, and time period that
could have posed the highest risk. The
study did not attempt to estimate doses
for individual workers.

While all types of possible radiation
exposures were considered in the study,
particular attention was given to poten-
tial exposures to transuranic elements.
Current practices at the Paducah
Gaseous Diffusion Plant keep worker
exposures well below historic levels.

The study results are available at
http://tis.eh.doe.gov.

Fellowship Honors Nuclear
Pioneer
A fellowship honoring nuclear pioneer
Dr. Glenn Seaborg aims to provide a
definitive record of the Nuclear Era. The
fellowship was announced in late
November during a celebration of the
50th anniversary of the Department of
Energy's Savannah River Site.

The fellowship is named in honor of
the Nobel-winning pioneer of the
atomic age and provides an opportunity
for college students to spend a year in

Washington, D.C., helping the DOE
write the definitive history of this era.
Dr. Seaborg, who died in 1999, was a
Manhattan Project pioneer, Nobel
Laureate, head of the Atomic Energy
Commission, presidential advisor,
University of California-Berkeley chan-
cellor, and a respected science educator.

The Seaborg Fellowship is open to
all recent American history majors cur-
rently enrolled in a doctorate program in
the United States. Fellows will receive a
stipend and reimbursement for round-
trip transportation between Washington,
D.C., and their home or campus.

The fellowship is for one academic
year. For more information, contact
DOE Chief Historian Skip Gosling at
skip.gosling@hq.doe.gov.

NSA Cites Los Alamos for Safety
Violations
The Department of Energy's National
Nuclear Security Administration has
cited the University of California for vio-
lations of nuclear safety rules at the Los
Alamos National Laboratory in New
Mexico. The University of California
operates LANL for the NNSA.

The violations are described in a
Preliminary Notice of Violation which
was issued January 19. The violations
stem from several events, including a
March 2000 operational event at one
facility in which eight workers were
exposed to airborne plutonium during a
leak from a glovebox auxiliary system.
The PNOV also cites several events at a
second facility in which nuclear facilities
were operated outside of the limits and
controls set by facility safety documents.

The PNOV was issued by John
Gordon, administrator of the National
Nuclear Security Administration, upon
the recommendation of the Department
of Energy assistant secretary for envi-
ronment, safety, and health. "Our goal is
to avoid such incidents by being proac-
tive and making safety an integral part

of every operation," said Gordon.
The March 2000 plutonium release

occurred during the performance of cor-
rective maintenance on a glovebox, a
sealed system under negative pressure,
which allows manipulation of objects
inside the box via gloves integrated into
the sides of the box. The plutonium was
released via a leak from a loose fitting in
an auxiliary gas system. Subsequent
investigation identified a number of
deficiencies associated with the work,
including a lack of formal direction and
authorization, and failure to comply
with established procedures.

No immediate adverse health conse-
quences resulted from the exposure, and
involved workers were placed on tem-
porary work restrictions to limit addi-
tional exposure until dose estimates
could be determined. Up to three work-
ers may have received exposures that
exceeded the annual regulatory limit set
for this work; one worker's exposure has
been estimated at more than five times
the annual limit.

The PNOV also addressed several
events occurring after March 2000 in
which similar concerns relating to proce-
dural adequacy and implementation were
identified. None of these later events
resulted in worker contamination.

The second facility is where Los
Alamos workers perform experiments in
nuclear criticality. The investigation
determined that there were problems
with work controls, and with operating
within the parameters that LANL had
established. While no actual adverse
consequences occurred because of these
deficiencies, they were collectively sig-
nificant because they represented an
unacceptable trend in the operation and
maintenance of nuclear facilities.

LANL is exempt from civil penalty
by statute and no civil penalty is being
assessed in association with the current
PNOV. If not exempt, a civil penalty of
$605,000 would have been assessed,
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based on the significance of the events.
This penalty amount reflects partial mit-
igation for corrective actions taken and
self-identification of one issue.

DOE to Build Isotope Facility at
Tennessee State University
In January, the U.S. Department of
Energy announced a joint project with
Tennessee State University that will pro-
vide U.S. researchers with a reliable
supply of stable, nonradioactive iso-
topes.

Use of stable isotopes is on the
increase in the United States. Stable iso-
topes are invaluable in a wide array of
scientific analyses, particularly for high-
accuracy mass spectrometry.

Until recently, the Department of
Energy provided stable isotopes to
researchers and industry at its Oak
Ridge National Laboratory in Tennessee
and used Manhattan Project-era
machines called calutrons to manufac-
ture them. Industrial customers are now
being served by overseas suppliers,
leaving the existing U.S. capacity too
large and too expensive for the needs of
researchers. After a search for an indus-
trial partner to operate the calutrons
proved unsuccessful, DOE decided to
mothball the calutrons and design a
new, more cost-effective production
facility. The existing machines were too
large and inefficient to produce small
quantities of the large variety of isotopes
needed for research.

Oak Ridge National Laboratory will
apply its expertise in the production of
stable isotopes to assure that the new
facility is installed and operated in a
manner that best suits the varied needs
of the U.S. research community. The
new facility could be operational in
approximately two years.

Tennessee State University will pro-
vide infrastructure support for the facil-
ity and work with the Energy
Department to establish new educa-

tional programs for students at the uni-
versity and other institutions in the
region. In addition to providing its tech-
nical expertise to support the operation
of the new facility, Oak Ridge National
Laboratory will work closely with
Tennessee State to develop a joint edu-
cational agenda in stable isotopes
research.

DOE Cites Argonne National
Laboratory-West for Violations
The DOE's Office of Environment,
Safety and Health has cited the
University of Chicago, operator of the
Argonne National Laboratory-West
Laboratory in Idaho Falls, Idaho, for
several nuclear safety violations that
took place in 2000. The enforcement
action would have been accompanied by
a civil penalty of $110,000, but the
University of Chicago is one of the not-
for-profit institutions currently exempt
by statute from paying civil penalties.

One issue addressed in the
Preliminary Notice of Violation concerns
an April 2000 event in which a worker
was contaminated while patching pene-
tration holes at the Fuel Conditioning
Facility, a facility used to prepare spent
fuel for disposal. DOE found that the lab-
oratory failed to effectively analyze the
planned work activity and its associated
hazards, and did not use design and
administrative controls that would mini-
mize worker exposures to hazardous
materials. Although the worker intake
resulting from the event was low, the
activity involved the potential for signifi-
cant levels of contamination.

The laboratory was also cited for
failing to follow procedures for moving
containers into a radiologically con-
trolled area at the Fuel Conditioning
Facility. Subsequent investigations by
Argonne staff revealed that similar vio-
lations had been occurring during the
past several years. While fissile material
was not involved in the transfer, DOE is

concerned with the long-standing and
widespread nature of the violations in a
radiological area, and the failure to
maintain strict compliance with nuclear
safety requirements.

The notice also cites the Laboratory
for its failure to effectively implement a
formal quality improvement effort—
meaning that processes for detecting prob-
lems were not effective, root cause analy-
ses were not routinely performed, and cor-
rective actions were often inadequate.
Problems in the quality improvement area
had been repeatedly identified to Argonne
management in prior DOE reviews.

The Argonne-West Notice identifies
two Severity Level II and two Severity
Level III violations. Level I violations
represent the most significant, with
actual or potential significant conse-
quences to the worker or public. In
response to the Notice of Violation
(whether or not there is a civil penalty),
contractors are required to document
specific actions taken and planned to
prevent recurrence of similar events.
The Chicago Operations Office will ver-
ify completion of corrective actions
before the case is closed.

DOE noted that management
changes have been made since the viola-
tions took place to put greater emphasis
and visibility on nuclear safety require-
ments. These improvements include
training and strengthening procedural
requirements for nuclear work.
Continued management attention to the
weaknesses reflected in this enforce-
ment action will be critical in achieving
substantial improvements in the safety
culture for operations at Argonne
National Lab-West.

Argonne National Laboratory-West is
part of the Argonne National Laboratory,
which is operated by the University of
Chicago for the DOE.
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INMM NEWS

Calendar

May 14-16
Radiation Dose Rate Management in
the Nuclear Industry International
Conference, Windermere, Cumbria,
U.K. Sponsor: British Nuclear Energy
Society. Contact: Sue Frye, Conferences
Services, British Nuclear Energy
Society, 1 Great George St., London
SW1P 3AA; phone, 44 (0) 20 7665
2315; fax, 44 (0) 20 7233 1473; E-mail,
sue.frye@ice.org.uk.

May 15-17 .
Annual Meeting on Nuclear Technology
2001, Kulturpalast, Dresden, Germany.
Sponsors: German Nuclear Society and
German Atomic Forum. Contact:
Congress Office, INFORUM GmbH,
Tulpenfeld 19, D53113 Bonn,
Germany; phone, 49 (0)228-507 223;
fax: 49 (0) 228-507 262; E-mail,
tagungen@inforum-GmbH.de.

May 21-23
Nuclear Energy: Building the Future,
Washington Monarch Hotel,
Washington, D.C. Sponsor: Nuclear
Energy Institute. Contact: Alexandra
Iwuchukwu, Nuclear Energy Institute,
Department 9013, Washington,
D.C. 20061-9013; phone, 202/739-
8039; fax, 202/872-0560; E-mail,
registrar@nei.org.

May 29-31
2001 Power-Gen Europe, Brussels
Exhibition Centre, Brussels, Belgium.
Contact: Power Gen Europe Pennwell,
Pennwell House, Horseshoe Hill,
Upshire, Essex EN9 3SR, UK; phone,
44 (0)1992-656 631; fax, 44 (0) 1992-
656 704; E-mail, attendingpge®
pennwell.com.

June 25-28
National Space & Missile Materials
Symposium, Monterey, California.
Sponsor: Air Force Research
Laboratory. Contact: Pat Sisson; phone,
973/254-7950; E-mail, psisson®
anteon.com; Web site, http://www.
usasymposium.com.

July 15-19
42nd INMM Annual Meeting,
Renaissance Esmeralda Resort, Indian
Wells, California, U.S.A. Sponsor:
Institute of Nuclear Materials
Management. Contact: INMM; phone,
847/480-9573; fax, 847/480-9282;
E-mail, inmm@inmm.org; Web site,
http://www.inmm.org.

September 3-7
PATRAM 2001, Chicago, 111., U.S.A.
Sponsors: U.S. Department of Energy,
in cooperation with the International
Atomic Energy Agency. Hosted by
the Institute for Nuclear Materials
Management. Chicago Hilton and
Towers. Contact: INMM, phone,
847/480-6342; Web site,
http://www.patram.org.

September 9-13
International Meeting on the Back
End of the Fuel Cycle: From
Research to Solutions (GLOBAL
2001), Paris, France. Sponsor:
American Nuclear Society. Contact:
American Nuclear Society Meetings
Department, 555 North Kensington
Avenue, LaGrange Park, IL 60526,
U.S.A.; phone, 708/352-6611;
fax,708/352:6464; E-mail,
meetings@ans.org; Web site,
http://www.ans.org/meetings.

September 17-21
45th General Conference of the
International Atomic Energy Agency,
Vienna, Austria. Sponsor: International
Atomic Energy Agency. Contact:
Conference Service Section, IAEA, P.O.
Box 100, A-1400 Vienna, Austria;
phone, 43 1 2600 21310; fax, 43 1
26007; E-mail, Official.Mail@iaea.org;
Web site,
http://www.iaea.org/worldatom/.

September 30-October 3
NRI International Uranium Fuel
Seminar, South Seas Plantation,
Captiva Island, Florida. Sponsor:
Nuclear Energy Institute. Contact:
Nuclear Energy Institute, 1776 I Street,
NW, Suite 400, Washington, D.C.
20006-3708.

October 17-18
Nuclear Decommissioning (DECOM
2001) International Conference,
London, England. Organized by British
Nuclear Energy Society/ImechE.
Contact: Maureen Carter, conference
office, Institution of Mechanical
Engineers, 1 Birdcage Walk, London,
SW1P 3JJ; phone, 44 (0) 20 7222 7899;
fax, 44 (0) 20 7222 4557; E-mail,
m_carter@imeche.org.uk; Web site,
http://www.imecfce.org.uk.

October 29-November 1
Symposium on International
Safeguards: Verification and Nuclear
Material Security, Vienna, Austria.
Sponsor: International Atomic Energy
Agency in cooperation with ESARDA
and INMM. Contact: Regina Perricos,
Conference Service Section, Division of
Conference and Document Services,
IAEA; phone, 42 1 26000, Ext. 21315
or 21311; E-mail, R.Perricos@iaea.org;
Web site, http://www.iaea.org/ world-
atom/Meetings/Planned/2001.
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