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President’s Message

On the Availability of Information
By Scott Vance, President

It is with great honor that I address you for 
the first time as INMM president. Having 
been involved in INMM for more than 
twenty years, I have seen many individu-
als assume this role, and have also become 
personally acquainted with many of those 
who served before I was involved. This 
is very intimidating. There are many tal-
ented individuals in this organization, and 
to assume that I can offer similar services 
to the organization is humbling. In that 
regard, for the past two years you have had 
an individual in this role who cares deeply 
about the mission of INMM and who 
took the obligations of this office very seri-
ously. It has been both a great pleasure and 
extremely informative to work with Steve 
Ortiz, and I look forward to his continued 
involvement on the EC as Immediate Past 
President.

A natural question that you may have 
is, “What are your goals?” I am reminded 
of the athlete who when asked asked the 
same question replied, “To not fall down 
and embarrass myself.” Following in such 
a long line of talent leads me to hope that 
I can simply avoid embarrassing myself. 
Over the next two years, I want to see the 
Institute fully adopt the new structure 
that has been approved by the Executive 
Committee, as this structure will serve as 
a platform for INMM to remain relevant 
and vital. I also hope to significantly in-
volve the nuclear utility community. As 
you know, the EC has been attempting to 
develop this relationship for some time, 
and with the resurgence in commercial 
generation interest, we may be able to 
finally achieve these goals. I also hope to 
represent the organization with the respect 
that it deserves. INMM has been assisting 
nuclear materials management profession-

als to prepare for future challenges for 
more than fifty-one years, and I am proud 
to present the achievements of INMM to 
anyone willing to listen.

In that regard, I was recently given 
the opportunity to represent INMM be-
fore an international gathering of nuclear 
professionals at the IAEA’s Safeguards 
Symposium. Not only was this an impres-
sive gathering of individuals concerned 
with future challenges associated with 
nuclear material verification, but I was 
encouraged to see that a significant per-
centage of the individuals asked to present 
papers were active in INMM.

I offered only brief comments to the 
group, but will take this opportunity to 
expand slightly on those. As I considered 
for myself the future challenges to effec-
tive nuclear verification, I realized that 
we may have some of the most significant 
future challenges of any generation that 
has considered this question. My basis for 
this statement may surprise you. I do not 
make the statement based on world poli-
tics, nuclear expansion, or even techno-
logical advances; I come to this conclusion 
based on the realization that we are at the 
emergence of a complete change in atti-
tude about the availability of information. 

To illustrate this point, consider a 
comparison between your parents, your-
self, and your children with regard to in-
formation expectations. Like me, you may 
remember the emergence of e-mail and 
the birth of the ability to instantly send 
someone a request for information. While 
e-mail does not guarantee an immediate 
response, the fact that your request could 
be instantly transmitted was truly revo-
lutionary. As the Internet continued to 
expand, often the necessity of e-mailing a 

request was eliminated because informa-
tion could be instantaneously download-
ed. The concepts of immediate commu-
nications and availability of information 
continue to be somewhat elusive to my 
parents, but they are actually hopelessly 
archaic to my sons’ generation.

My sons now carry their smart 
phones and are constantly texting infor-
mation to their contacts. Like my parents’ 
attitude toward e-mail, I find texting to be 
more trouble than it is worth. However, 
my sons expect that everyone they know 
be constantly and instantly available. This 
is a complete change in attitude about 
information availability. My sons do not 
remember a time when “constant contact” 
was not the norm.

What does this have to do with nu-
clear material verification? I suggest that 
this represents a radical change that will 
impact the next generation’s approach to 
nuclear security. This is more than just a 
technological advance; it is a change in ex-
pectation regarding information exchange 
and the acceptability of a delay. I suspect 
that this change in attitude will have long-
term impact on all aspects of nuclear ma-
terial management that we have not even 
considered. 

I encourage you to become involved 
in INMM as we seek to confront these 
impacts and continue to encourage the 
proper management of nuclear materials 
worldwide – but do not expect me to text 
you a personal invitation.

As I begin my term, I would love to 
hear comments from you regarding how 
we can make your membership more valu-
able to you. Feel free to E-MAIL me at  
savance@tva.gov.
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Technical Editor’s Note

The Loss of a Highly Intelligent Gem 
By Dennis Mangan 
INMM Technical Editor

The Journal staff is sad to inform you that 
Steve Dupree, our assistant technical edi-
tor for many years, has passed away after 
a long battle with pancreatic cancer. Dur-
ing the last year, his involvement in the 
Journal had understandably dwindled to 
practicably nothing and his presence was 
greatly missed. He was an important con-
tributor to the running of the Journal, was 
instrumental in the development of the 
peer-review process and he corresponded 
with our authors regarding the reviews of 
their papers. He also reviewed every issue 
of the Journal and was a valuable partici-
pant — he questioned authors’ to the last 
minute, made corrections, and brought a 
breadth of knowledge and experience that 
has been highly instrumental and impor-
tant in running the peer-review process.

Dupree was 68 when he died Sep-
tember 22, 2010, after a courageous four-
year battle with pancreatic cancer. He is 
survived by Patricia, his wife of forty-six 
years, by his daughter Jessalyn Brach and 
her husband Jeff, and his son Jason Du-
pree and his wife Heather; and several 
grandchildren. He retired from Sandia 
National Laboratories after twenty-seven 
years as a Distinguished Member of the 
Technical Staff. He was named a Fellow of 
our institute at the 2008 Annual Meeting, 
an honor that he relished. (See In Memo-
riam: Stephen A. Dupree on page 4 of this 
issue.)

Just before Dupree’s passing, Markku 
Koskelo of Aquila Technologies agreed 
to join the Journal team and assist in the 
peer-review process. He has graciously 
agreed to assume the role of assistant tech-
nical editor and has already begun corre-
sponding with authors. We are excited to 
have him join the staff.

As is normal, this issue of the Journal 
highlights the Institute’s Annual Meeting 
held this year in Baltimore. INMM Tech-
nical Program Committee Chair Charles 
Pietri unfortunately was unable to at-
tend for health reasons and he was sorely 
missed. Paul Ebel and our new president, 
Scott Vance, were capable replacements. 
They were responsible for preparing the 
report of the 51st Annual Meeting for this 
issue.

Also included in this issue is the 
Opening Plenary speech by Gregory Jac-
zko, chair of the U.S. Nuclear Regula-
tory Commission, Nuclear Materials: 
Current and Future Regulatory Challenges. 
Although we did conduct the traditional 
Roundtable interview with Chairman Jac-
zko, this issue of the Journal does not in-
clude the transcript of the Roundtable be-
cause of mainly technical difficulties. We 
are very disappointed about this; we will 
however continue to pursue getting the 
transcript ready for a possible release in a 
future issue. The Closing Plenary Address, 
Creating a Next Generation Nuclear Ma-
terial Security Architecture, presented by 
Kenneth Luongo, president of Partnership 
for Global Security, is also included in this 
issue. Both of these plenary speeches are 
interesting reading and provide some key 
insights.

The three technical papers included 
in this issue are the first and second place 
winners of the J. D. Williams Student 
Paper (Presentation) and the first place 
winner of the Student Paper (Poster). The 
first place presentation winner was Karen 
Miller (a student at Texas A&M and a 
summer intern at Los Alamos National 
Laboratory), with a paper entitled The 
Uranium Cylinder Assay System for Enrich-

ment Plant Safeguards, which has always 
been a challenge for the measurement 
community. The second place presenta-
tion winner was Jamie Warburton of the 
University of Nevada, Las Vegas, with Use 
of UV-visible Spectroscopy to Determine So-
lution Chemistry Under Used Nuclear Fuel 
Reprocessing Conditions, which appears to 
be a highly complex problem. The winner 
of the student poster paper was J. Mar-
cial (a student at Columbia Basin College 
and a summer intern at Pacific Northwest 
National Laboratory), with a paper titled 
Effects of Quartz Particles Size and Sucrose 
Addition on Melting Behavior of a Melter 
Feed for High-Level Waste Glass, which 
addresses waste vitrification processes for 
thee Hanford Site.

Also included in this issue is a book 
review by Walter Kane of Tad Daley’s 
Apocalypse Never, which appears to be an 
interesting book. 

This fall issue also includes a revised 
format for the Industry News column. 
Jack Jekowski, our new Industry News 
Editor, has taken over the column and 
will be giving his take on the relevant is-
sues in nuclear materials management. I 
trust you will enjoy reading Jekowski’s first 
such article and we believe this column 
will become a much more widely read and 
discussed feature of the Journal. We think 
this is an exciting development and are 
thankful to Jekowski for his contributions 
and invaluable insights. 

Should you have any questions or 
comments, please feel free to contact me.

JNMM Technical Editor Dennis L. 
Mangan can be reached at dennismangan@
comcast.net.
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In Memoriam: Stephen A. Dupree

We are greatly saddened to report the death of JNMM Assistant 
Technical Editor Steve Dupree. Steve was an invaluable part of 
the Journal management team for more than a decade.  He was 
instrumental in developing and improving the JNMM peer-review 
process, communicated with authors, reviewed every issue of the 
Journal, and picked more than his share of nits. 

He will be greatly missed by all who knew him.

In 2008, Steve was named a Fellow of the Institute of Nuclear Materials 
Management. Instead of a traditional obituary, we publish here the 
nomination letter submitted by Technical Editor Dennis Mangan, along 
with quotes from two of the endorsement letters that accompanied this 
nomination.

I am honored to nominate Steve Dupree as fellow of the Institute. He 
has been a member of the Institute since October 1, 1996, and has been a Senior member since July 17, 2001. He 
served as the secretary of our International Safeguards Technical Division from 1996 to 2005.  Steve has presented 
many papers at the INMM Annual Meeting, served as session chair, and even flipped slides for a few Annual Meeting 
speakers. He has published in the JNMM, and since 1997 he has been and continues to be, assistant technical editor 
of the Journal. In this position, he has the responsibility to implement the peer review process of the Journal. His 
enthusiasm in leading this peer review process, plus his unbelievably broad knowledge of the technologies of our 
Institute has led, in my opinion, to a significant improvement in our Journal over the years. We would have to hunt to 
find an Institute member with his broad technical capabilities.

Steve received a B.A. from Rice University in 1964, an M.S. from Texas A&M University in 1965, and a Ph.D. from 
Purdue University in 1968.

During a forty-year career in science and engineering (initially at SAIC and then at Sandia National Laboratories) 
Steve has specialized in the detection, measurement, and analysis of nuclear radiation, and the application of radiation 
transport techniques to technical problems. He has contributed to projects involving radiation shielding, reactor safety 
and analysis, international safeguards, weapon system development and analysis, and national security issues.  He has 
extensive experience in the development and use of the Monte Carlo method. Steve has worked in systems design and 
engineering, arms control and verification technology, remote monitoring, systems vulnerability and effectiveness, 
program planning and management, and strategic planning for technical organizations.  He has managed both technical 
staff and technical projects. 

While working in arms control, treaty verification, and nuclear nonproliferation Steve has collaborated with scientists 
and engineers in many domestic, foreign, and international organizations including DOE and DoD laboratories, the 
International Atomic Energy Agency, the Russian nuclear institutes, the Argentine-Brazilian nuclear monitoring 
agency ABACC, and the Argentine nuclear regulatory agency ARN.  He served as program manager of the DOE 
International Remote Monitoring Project which involved cooperative technical work and demonstrations with IAEA 
support programs and nuclear facilities in Sweden, Finland, Japan, France, Germany, Australia, and Argentina. He 
was manager of the technical division at Sandia that developed the radiation detection equipment used to support 
verification of the Intermediate Nuclear Forces (INF) and Strategic Arms Control (START) treaties.  He participated 
in the development of the portal and perimeter monitoring systems for both the INF and START treaties, and worked 
on sensor development in support of the Open Skies treaty.  He was a technical expert for the U.S. delegation to the 
Joint Compliance and Implementation Commission under the START treaty.  He served in Geneva in support of the 

o



5Journal of Nuclear Materials Management Fall 2010, Volume XXXIX, No. 1

In Memoriam

negotiation of the protocol for use of the radiation detection equipment permitted under the START treaty.  Working 
with the United Nations Special Commission on Iraq at their headquarters both in New York and Baghdad he 
developed requirements for the remote monitoring system that was used in the UNSCOM on-going monitoring and 
verification program in Iraq.

Although now retired (2005), Steve continues to serve the Institute in a very important position and he continues to work as a 
consultant in both domestic and international national security issues and problems in radiation transport and analysis.

To me, Steve is one of our outstanding “silent majorities,” and again it is a honor to nominate him as a Fellow of the Institute.

Sincerely,

Dennis L Mangan
Fellow of the Institute
Technical Editor of the Journal

From Donnie D. Glidewell
Manager, Global Security Engagement and International Safeguards 
Department, Sandia National Laboratories  
 
“Dr. Dupree is a highly respected contributor to the International 
Safeguards community and a long-time active supporter of the Institute 
of Nuclear Materials Management.  He was a driving force in the success 
of the International Remote Monitoring Project, which was instrumental 
in advancing the maturation of remote and unattended monitoring for 
International Safeguards applications, resulting in improved effectiveness 
of the International Atomic Energy Agency (IAEA) inspection regime 
while simultaneously providing substantial cost savings over on-site 
inspections.  His early efforts, often in the face of significant skepticism, 
directly contributed to the worldwide use of remote and unattended 
monitoring that is the backbone of IAEA systems today.

Dr. Dupree is very active in the international safeguards community, 
with major contributions to organizations such as the European 
Safeguards Research and Development Association (ESARDA), as well 
as the INMM.  As the Official United States Observer on the ESARDA 
Containment and Surveillance Working Group, he brought focus to 
the continued development of safeguards technology and enhanced 
technical collaborations between the European Union, the United States 
and Canada.  This group represents numerous safeguards users (IAEA 
and the European Union), nuclear facility operators, and safeguards 
technology developers. These stakeholder groups come together to 
ensure that everyone understands the needs of the safeguards users and 
operators, and the current status of technology development.  This group 
has not only developed a Safeguards Compendium, which is accessible 
by all interested stakeholders via the Internet, but has also contributed to 
numerous technical articles for the ESARDA Bulletin.”

From John C. Matter
INMM Past President and Fellow

“Steve’s technical expertise is in the field of 
nuclear radiation detection, measurement, 
and analysis.  He has applied his experience 
in this area to support arms control, treaty 
verification, nuclear nonproliferation, and 
international safeguards.  He was one of first 
to work on the development and application 
of remote monitoring to international 
safeguards, for what has now become an 
indispensable norm for the IAEA.

Steve was a long time leader of INMM’s 
International Safeguards Division, serving 
several years as Secretary of that very active 
group with the Division chairs Cecil Sonnier 
and Jim Larrimore.  He worked long and 
hard to help establish and conduct the now 
institutionalized joint INMM-ESARDA 
periodic workshops on advanced safeguards.”

Memorial contributions may be made to:
Presbyterian Hospice
8300 Constitution Blvd, NE
Albuquerque, NM 87113 USA

From the letters supporting Steve’s nomination as Fellow:
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Annual Meeting

Report of the 51st Annual Meeting
By Paul Ebel and Scott Vance

The Institute of Nuclear Materials Man-
agement held the first meeting of its sec-
ond half-century of existence—in other 
words, its 51st Annual Meeting—in the 
Inner Harbor of Baltimore, Maryland, 
USA.  Known for its myriad superb restau-
rants and sightseeing options, Baltimore’s 
Inner Harbor proved to be the perfect set-
ting for an equally superb meeting.  While 
the meeting began with some trepida-
tion because of the unfortunate inability 
of Charles Pietri, our Technical Program 
Committee chair for the past twenty-four 
years, to attend, his planning and hard 
work prior to the meeting proved to be 
up to the task and once again the meeting 
was conducted with several improvements 
from previous years.  And this was despite 
the fact that attendance and participation 
were both at record levels.

The setting for this year’s meeting 
was urban rather than resort, but there 
are advantages to both, and the Baltimore 
Waterfront Marriott certainly exemplified 
the advantages of downtown locations.  
Not only was the physical setting—both 
the hotel and location—phenomenal, but 
there were many restaurants and cafes, 
most featuring famous Maryland seafood, 
within easy walking distance. The meet-
ing-room setup was much more compact 
than what is normal at a resort location, 
so it was possible to transfer from virtu-
ally any session to any other in a few min-
utes.  And, given the weather, it was nice 
to know that you did not have to go out-
side unless you wanted to. Many attend-
ees commented on the exceptional facility, 
which enhanced the entire experience. 

As usual, activities began even be-
fore the actual technical meeting.  Sunday 
morning saw the Institute’s faithful golfers 
brave the heat (a mere high of 92°F) and 
head out to Waverly Woods Golf Club.  
Forty-one golfers participated in the tour-
nament this year.

Sunday afternoon, the Technical Di-
visions held their respective meetings to 
discuss their purpose, accomplishments 
over the past year, and sessions during 
the upcoming meeting.  If you have not 
participated in a Technical Division meet-
ing at the INMM Annual Meeting, we 
encourage you to consider making your 
travel plans for next year in a way that 
will allow you to do so.  The real work of 
the Institute is accomplished through the 
Technical Divisions, and these annual di-
vision meetings are a great way for you to 
get involved in the area that interests you.

The first major event of each year’s an-
nual meeting is the President’s Reception 
on Sunday evening.  This year’s reception, 
as is our usual practice, was held in the 
Exhibit Hall, allowing attendees to greet 
acquaintances whom are often only seen 
once a year at the Annual Meeting, as well 
as peruse the various booths highlighting 
those vendors who support the mission of 
INMM.  This year’s Exhibit Hall housed 
a total of twenty-nine vendors, three of 
whom were exhibiting at INMM for the 
first time.  The reception was well attend-
ed and offered a great initiating event for 
the 51st Annual Meeting.  The President’s 
Reception was also the first introduction 
to the quality of food that the Baltimore 
Waterfront Marriott offered—the hors 
d’oeuvres were excellent, and proved to be 
only the beginning of exceptional food of-
fered during the week. 

Following the President’s Recep-
tion was a mixer for student attendees. 
Responding to comments from previous 
meetings, a determination was made that 
the meeting mentor process that had been 
used for the past several years had been 
helpful to student attendees when there 
were fewer of them, but as the number of 
students grew it became less and less ben-
eficial.  Knowing that this year’s student 
attendance would likely surpass all previ-

ous years—in fact, 148 students registered 
for the meeting—a different type of event 
was organized.  All student attendees were 
invited to the mixer to meet other student 
attendees as well as other INMM mem-
bers.  This allowed students to discuss 
their interests with a variety of INMM 
members as well as ask any questions that 
they had about the Annual Meeting and 
careers in nuclear materials management. 

The INMM Annual Meeting of-
ficially began Monday morning with a 
plenary speech from the Chair of the U.S. 
Nuclear Regulatory Commission (NRC), 
Gregory Jazcko (pronounced, as explained 
by Jazcko, “just like the yachts out in the 
harbor,” or yachts-ko).  More than 1,000 
attendees were present to hear Jazcko’s 
address, Nuclear Materials—Current and 
Future Regulatory Challenges.  In his talk, 
Jazcko addressed both the traditional fo-
cus of the NRC’s security work, safeguard-
ing special nuclear material, as well as the 
more recent increased focus on source se-
curity.  In regards to safeguards activities, 
Jazcko discussed the NRC’s efforts to pre-
vent diversion of domestic nuclear mate-
rial, through physical protection measures 
and materials control and accounting 
(MC&A) programs, at not only potential 
new reactors, but also at new fuel cycle fa-
cilities that are actually beginning produc-
tion.  Some of these new facilities present 
some unique proliferation and protection 
concerns.  In regards to security, he dis-
cussed the particular emphasis that has 
been placed on the security of radioactive 
sources since the September 11, 2001, at-
tack on the United States.  Finally, Jazcko 
discussed how imperative it is that regu-
lators understand the need to integrate 
safety and security measures to ensure that 
they do not conflict.  He challenged at-
tendees to participate in finding appropri-
ate solutions to questions regarding this 
safety-security interface.
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In addition to his presentation, 
Jazcko participated in the Journal’s annual 
Roundtable, where he responded to ques-
tions from invited participants.  This was 
an interesting discussion, and he provided 
additional insights into his perspective of 
the role of the NRC in promoting safe-
guards and security, both domestically and 
internationally. 

Following Jazcko’s address, the heart 
of the INMM Annual Meeting began 
with the start of the concurrent sessions.  
As you know, it is during these concur-
rent sessions that the work of meeting at-
tendees is highlighted and where valuable 
discussion takes place in regards to nuclear 
material management “best practices.”  
This year’s meeting saw a total of seventy-
two concurrent sessions, a record number.  

Reports from the sessions chairs, 
who hosted more than 530 papers pre-
sented, indicate that, once again, a great 
deal of valuable information was shared 
regarding the newest advances and fu-
ture plans regarding the appropriate 
management of nuclear material.  The 
Proceedings from the Annual Meeting 
will be released soon, and you will find 
it to contain information covering virtu-
ally every aspect of safeguarding, secur-
ing, protecting, detecting, accounting 
for, packaging, transporting and the 
disposition of nuclear materials. Total 
attendance was a record of 1,189 (com-
pared to 1,060 for Tucson in 2009) in-
cluding 148 students—another record.  
Of the 530 papers that were presented, 
forty-seven were student papers—a re-
cord breaker over the previous nine-
teen. Unfortunately, there were also six 
“no-shows.” This problem continues 
to plague and amaze us—why anyone 
would not notify INMM of their inten-
tion not to present their paper? We also 
had sixty paper withdrawals, which was 
about normal and thirty-three papers 
were presented by other than the origi-
nal author/speaker who could not per-
sonally attend the meeting.

As usual, our session chairs did an 
exceptional job of attempting to keep the 
presentations within their allotted time.  

This is not an easy task, and if you have 
never had the opportunity to be a session 
chair, you may not appreciate the lengths 
that some chairs must go to in order to 
maintain the schedule.  We stress to the 
session chairs during the Speaker’s Break-
fasts each year that their primary task is 
ensuring that the presentations begin and 
end on the schedule that is published in 
the final program.  This is imperative be-
cause few attendees actually sit through an 
entire session. Rather, most select a variety 
of papers throughout the session time that 
they desire to attend, and therefore rush 
from room to room in order to participate 
in these sessions.  Because of this, it is very 
important that the sessions are truly “con-
current.  That means that if a speaker only 
takes twelve minutes instead of the allotted 
twenty, or, even worse, a paper is removed 
from the program completely, the session 
chair must quickly figure out a way to fill 
this time so that the audience remains in-
terested and the subsequent paper begins as 
scheduled.  We offer kudos to those chairs 
who creatively convened panels of the speak-
ers who were present or initiated general au-
dience discussions in order to maintain the 
published schedule.  There were several re-
ports of this at this year’s meeting, and we 
appreciate it much more than we express.

Of course, there is the occasional 
opposite extreme, the case where the 
presenter attempts to take twenty-one 
(or twenty-five) minutes to make their 
presentation.  However, these are getting 
fewer, and, again, we appreciate the ses-
sion chairs who asserted their authority 
and politely told presenters that their time 
was up.  While this prevents any questions 
from being asked, it is again imperative 
that the schedule be maintained as much 
as possible. One tip for future session 
chairs—we received the report that an ef-
fective way to get a speaker to truly end 
their session when they had exceeded their 
allotted twenty minutes is to simply stand 
up.  Apparently, while the little red light 
on the timer is not convincing, the session 
chair standing next to you at the podium 
conveys the message that it is time to quit 
in any language.

In regards to the amount of time 
taken by a presenter, we cannot emphasize 
enough that often times the most valuable 
information is passed during the question 
and answer time.  Several session chairs in-
dicated that the questions asked after the 
presentations either significantly clarified 
or expanded the points made during the 
actual presentation.  That is how it is “sup-
posed to work,” and this is not possible 
unless the speaker plans on taking only 
about fifteen minutes of their allotted time 
for the actual presentation. Again, make a 
mental note as you prepare your presenta-
tion for next year’s Annual Meeting.

From all of the reports, the new 
method of uploading and distributing 
the presentations was an absolute success.  
The indications are that it took a lot of 
stress off of the session chairs, as this pro-
cess was all handled outside of the actual 
presentation room and transparent to the 
chairs.  We also received several reports of 
incidences where the professional audio-
visual crew that was staffing the Annual 
Meeting responded quickly to requests for 
assistance when things were not working 
correctly.  One consistent comment that 
we have heard loud and clear is that the 
session chair needs to be able to see the 
screen; this is sometimes almost impos-
sible simply due to the configuration of 
the room, but we have heard the comment 
and will do our best to make sure that this 
is accomplished at next year’s venue.

Following the first day’s technical 
sessions, the annual reception for new 
members and newly-advanced Senior 
Members was held.  This is a great oppor-
tunity for those who have joined INMM 
within the past year, many of whom are 
student members, to mingle with indi-
viduals who have recently been recog-
nized for their commitment to INMM 
by advancing to the grade of Senior 
Member.  By joining these two groups in 
a single recognition reception, new mem-
bers can discuss the benefits of member-
ship and opportunities for involvement 
with those individuals who have demon-
strated by their own actions what benefits 
and opportunities exist.  
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Tuesday morning began with the tra-
ditional fun run, although many people 
again questioned the oxymoronic qualities 
of that name for the event.  Nonetheless, 
thirty-one true running radicals braved the 
early morning heat and coincidental rain 
shower to conquer the 3K loop around the 
Inner Harbor.  More importantly, the en-
try fees collected from the runners, as well 
as a few additional donations given during 
the week, resulted in INMM forwarding 
$700 to the Division of Pediatric Oncol-
ogy at the Johns Hopkins Kimmel Cancer 
Center.  We appreciate everyone’s generos-
ity to this organization.

In addition to the presentations, this 
year’s meeting included the traditional 
Tuesday opportunity for individuals to 
present their latest work in the form of a 
poster.  Unique to this year, however, was 
the placement of the poster session im-
mediately outside of the exhibit hall in 
the ballroom foyer.  This was a fantastic 
setting, and attendance at the poster ses-
sion was very good since it was almost 
impossible to miss the posters as you trav-
eled between various concurrent sessions.  
Twenty-eight individuals took advantage 
of this alternative means of highlighting 
their work, which gave them the oppor-
tunity to speak in more depth to those 
who were interested in their findings.  The 
quality of the posters themselves contin-
ues to improve as well, and the newly up-
dated guidelines regarding the appropriate 
format of posters for the Annual Meeting 
appears to be working, as the overall qual-
ity was very good. The presenters were 
there throughout the mandatory time and 
we did not hear any negative feedback on 
the process—we believe people liked it 
judging from the number in attendance. 
Unfortunately, there were two no-shows.

At 6 p.m. Tuesday evening, the An-
nual Business Meeting was held. Not only 
is this meeting open to all the member-
ship as required by our bylaws, it is an op-
portunity for the Executive Committee to 
present the year’s activities and invite any 
questions or discussions regarding future 
plans.  Even though it is unfortunately 
often not well-attended, the Executive 

Committee actually looks forward to this 
meeting each year and hopes that more of 
the membership will decide to attend in 
future years.  As a side observation, one of 
the most important aspects of this year’s 
meeting was the discovery that, in future 
years, a phone call immediately prior to 
the meeting to Treasurer Bob Curl, is 
probably in order.

Following the Annual Business Meet-
ing, the Reception and Annual Awards 
Banquet began.  Once again, the hotel 
proved that preparation of an exceptional 
meal for about 700 guests is possible.  The 
entire meal, from the salad to the final cof-
fee service including biscotti, was as good 
as that available in any first class restau-
rant.  Kudos are also due to our headquar-
ters staff, who each year must provide the 
hotel with a “final count” of the number 
of guests expected.  There is much more of 
an art to this process than a science, and 
sometimes we can be surprised by the final 
number; some of you may remember last 
year’s scramble to accommodate an addi-
tional forty guests as the banquet started. 
This year, however, our experienced staff 
provided a final count that turned out to 
be only six individuals different from the 
actual attendance, truly an amazing feat.  

While the meal was a hard act to fol-
low, President Steve Ortiz had the plea-
sure of awarding several members with 
well-deserved honors.  Susan Pepper was 
advanced to INMM Fellow, in a well-de-
served recognition of her commitment to 
INMM and impact on the field of nuclear 
materials management.  Vincent J. De-
Vito Distinguished Service Awards are de-
signed to recognize either INMM mem-
bers or nonmembers for their long-term 

noteworthy service to the nuclear materi-
als management profession. Both Donnie 
Glidewell, Jr., and William Hopwood, Jr., 
were so recognized at this year’s meeting.  
Special Service Awards focus on note-
worthy contributions to the industry or 
INMM, and can be awarded to a person, 
laboratory, or business that has advanced 
the knowledge and professionalism of the 
nuclear materials management field.  Wil-
liam Charlton was recognized not only for 
his significant contributions to the field of 
nuclear materials management in general, 
but also for his instrumental involvement 
in the formation of INMM’s first student 
chapter at Texas A&M University.  Fi-
nally, INMM’s Meritorious Service Award 
focuses on INMM members’ long-term 
outstanding contributions to the Institute 
as well as the individual’s noteworthy ac-
complishments and contributions to the 
profession. This year’s award ceremony 
not only saw this award given to Ed John-
son, but Steve Ortiz also announced that 
the name of the award has been officially 
changed to the Edway R. Johnson Merito-
rious Service Award. Following the awards 
ceremony, the dance floor was opened 
and the real partying began.  Another im-
portant lesson for future meetings is that 
as the student attendance at the Annual 
Meeting increases, we are going to have to 
allow for a corresponding increase in the 
size of the dance floor.  The number of in-
dividuals who stay after the banquet con-
tinues to increase, and it was good to see a 
large crowd enjoying this year’s DJ.  And 
stay tuned for next year—discussions are 
underway to really change the program 
next year.  We hope to convince even more 
to stick around and take advantage of the 

Figure 1:  William Wash, a student from  
University of Michigan, at the poster session

Figure 2: Happy times at the Annual Awards 
Banquet
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after-meal festivities.
However, many of us also find 

(make!) time to get away from the meet-
ing one evening for a karaoke event with 
John Feng, our Taiwan Power representa-
tive.  Everybody gets into the act!

Each morning before the technical 
sessions began, the Speaker’s Breakfast of-
fered an opportunity for speakers to meet 
the chair of their session and ask any last-
minute questions about how the session 
would be conducted.  Because of the new 
method for loading presentations onto the 
presentation computers, the traditional 
“mad rush” to get all of the papers loaded 
and confirm that they display properly was 
unnecessary.  Paul Ebel once again offered 
a stimulating reminder to attendees about 
the most important aspects of giving a 
good presentation, and concentrated most 
of his training time this year on the session 
chairs rather than the presenters.  While 
Charles Pietri was missed from the entire 
meeting, his absence from the breakfast 
was most profound—he normally offers 
a morning welcome and is able to ensure 
that the speakers and session chairs are 
awake and ready to begin their sessions. 
Everyone is anxious to see him back at his 
post at next year’s meeting.

The Student Career Fair was held on 
Wednesday evening, and this event con-
tinues to improve and expand every year.  
This year’s fair saw the inclusion of sev-
eral Human Resources officers, and a to-
tal of twelve companies provided booths 
to introduce students to available careers.  
Rather than take any time for general 
announcements, this year’s event was fo-
cused purely on giving participants the 

opportunity to talk to recruiters.  Even so, 
time went quickly and discussions contin-
ued after the fair was officially over.  This 
opportunity to meet company representa-
tives who are actively hiring in the field 
of nuclear materials management is one of 
the most valuable benefits INMM offers 
to students who attend the Annual Meet-
ing.

The Closing Plenary on Thursday 
afternoon was presented by Kenneth Lu-
ongo, president of Partnership for Global 
Security, an organization dedicated to a 
global effort to decrease the dangers posed 
by weapons of mass destruction by work-
ing for a world in which they are secured 
and the threat of their use is eliminated.  
Luongo’s presentation, Creating a Next 
Generation Nuclear Material Security Ar-
chitecture, was attended by more than 200 
participants, and he offered interesting 
insights.

Following Luongo’s presentation, 
Ortiz officially brought the 51st Annual 
Meeting to a close.  By all measures, the 
meeting was a unqualified success, and 
the credit goes to incredible and thankless 
work by Pietri and the entire Technical 
Program Committee, as well as (and pos-
sibly more importantly) to all of the indi-
viduals who agreed to present their latest 
work related to nuclear materials manage-
ment.  There would be no Annual Meet-
ing if not for their willingness to present, 
and the INMM Executive Committee 
and Annual Meeting Technical Program 
Committee cannot thank them enough 
for doing so. 

An interesting comment was made 
during the meeting that the meeting 
content did not seem to include a lot of 
discussion regarding the intersection of 
technology with nuclear policy, and there 
was a desire to see more of this at fu-
ture meetings.  This comment was made 
just shortly before numerous individu-
als commented on a paper that they felt 
was “policy oriented and had no technical 
content.”  In fact, as always, there was a 
significant number of presentations that 
discussed very technical aspects of nuclear 
material management—from the design 

of new detection equipment to new meth-
ods for determining the isotopic content 
of containers.  At the same time, there 
were numerous sessions regarding the 
policies that need to be enacted by gov-
ernments to ensure that those who are 
tasked with managing nuclear material 
do so in a manner that prevents its loss or 
diversion.  But, there were also numerous 
presentations at this year’s meeting that 
specifically dealt with the intersection of 
these two—in other words, how technol-
ogy can support the fulfillment of policy 
goals, and, conversely, the reasonableness 
of policy goals given the current state of 
technology. However, that is not to say 
that there could not be more of this type 
of discussion, and we look forward to sug-
gestions from individuals regarding how 
the Annual Meeting can have additional 
discussions in this area.

Several times in this report, the fact 
that this year was a record year has been 
mentioned.  Most importantly, there was 
record attendance, with 1,189 registrants.  
Because we have seen tremendous growth 
in the past few years and expect this 
growth to continue, we have initiated seri-
ous discussions regarding how we intend 
to accommodate this growth in the future.  
While there are many options, all of them 
have good and bad aspects.  For instance, 
there is always the option of adding more 
concurrent sessions—but attendees com-
plain that there are already too many com-
peting papers that they want to attend.  In 
addition, we are limited by the size of the 
host hotel on how many meeting rooms 
we can occupy at any one time.  As dis-
cussed earlier, there were a few sessions at 
this year’s meeting that had twelve concur-
rent sessions running, and that is about 
the maximum number that we can expect 
to accommodate.  

Another common suggestion is that 
we expand the meeting to include Friday 
morning. This would allow for an addi-
tional set of concurrent sessions Thursday 
afternoon.  The problem with this option 
is that our Annual Meeting is already one 
of the longest professional meetings—
many are three days in length.  As it is, 

Figure 3: The Dancing Queens in action
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most attendees must take at least one day 
of their weekend to travel to the meeting.  
If the meeting was expanded to Friday, full 
participation may require traveling on the 
following weekend as well.  There are seri-
ous concerns that this would further de-
grade attendance at the final session.

Some additional options have been 
discussed and may offer some alternatives. 
One is to offer more panel sessions, where 
there is the opportunity for more people to 
participate in the discussion than can be ac-
commodated during a typical session with 
each individual being given twenty minutes 
to present their paper.  These panel sessions 
might be centered around a “hot-button is-
sue” concerning a Technical Division.

Having stated all of the negative 
aspects of these suggestions, there is an 
understanding that there is no perfect op-
tion.  All of the options discussed above, 
as well as others, are being considered.  
Something that would be very helpful 
as we plan for future meetings is to hear 
from those who regularly attend the meet-
ings regarding what they see as options for 
accommodating additional participation 
at the meeting.  If you have any ideas, we 
would love to hear them.

INMM is thankful for the leader-
ship of Ortiz as president for the past 
two years—he steps down at the end of 
September 2010 and hands the mantle to 
Scott Vance.

Now, start thinking about the 52nd 
INMM Annual Meeting to be held at 
the Desert Springs JW Marriott Resort 
in Palm Desert, California, USA, on July 
17–21, 2011.  Start planning for it now 
by completing your research, getting your 
subject approved by management in a 
timely manner, writing your abstract, and 
submitting it by February 1, 2011. Then 
write your paper and submit it early—
certainly no later than the June 9, 2010, 
deadline. 

IMPORTANT!  We expect another 
record-breaking participation in 2011—
be sure your abstract is submitted on time 
as well as your paper.  Latecomers may be 
disappointed when the technical program 
fills up early. Remember, for those of you 
who are planning to organize a special ses-
sion, you need to contact Charles Pietri 
at cpietri@aol.com and be prepared to at-
tend the Technical Program Committee 
review meeting in March 2011. There are 
no exceptions!

On behalf of INMM President Scott 
Vance and myself, we look forward with 
great pleasure to your presence at the 52nd 
Annual Meeting next year—be there, all 
your colleagues will be!

Figure 4: Outgoing INMM President Steve 
Ortiz and his new bride, Patricia. 

Figure 5:  Incoming INMM President (Octo-
ber 1, 2010) Scott Vance and his charming 
wife, Debbie.
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Annual Meeting–Opening Plenary Address

Thank you for the introduction. I am 
honored to be here today at the Institute 
of Nuclear Materials Management’s 51st 
Annual Meeting to share my thoughts on 
some of the important regulatory issues 
before the Nuclear Regulatory Commis-
sion (NRC). For over half a century, the 
Institute has been dedicated to advancing 
safe and secure management practices 
and promoting professional excellence 
among materials management profession-
als. You can justifiably take great pride 
in the Institute’s past accomplishments. I 
was pleased to read in the message from 
your Vice President Scott Vance about 
this organization’s commitment not to 
rest on its laurels—to achieve even more 
in the next fifty years than it did in its 
first half century. That is exactly the kind 
of approach that everyone in the nuclear 
field—regulators, licensees, and stake-
holders—should maintain as we to seek 
to advance our shared safety and security 
objectives.

Since the 9/11 attacks, the NRC 
and its licensees have made tremendous 
progress in strengthening our regulatory 
framework for security. The NRC created 
a separate new office to focus on security, 
incident response, and emergency planning 
issues; significantly increased the budget for 
security issues; and implemented a large 
number of physical security upgrades, cyber 
initiatives, and enhanced materials control 
and accounting measures. To support this 
work, the NRC also has coordinated with 
federal, state, and local agencies, as well as 
received support from the intelligence and 
law enforcement communities. 

Over the past decade, all of the policy 
changes and increased coordination have 
contributed significantly to the enhanced 
security framework that we have today. 
Those changes would not have been pos-

sible without the commitment by the NRC 
to stay attuned to the dynamic threat envi-
ronment and to implement the necessary 
regulatory programs in response. Despite 
the considerable progress that has been 
made toward greater security, it remains as 
vital as ever that both the NRC and its li-
censees not become complacent, and main-
tain a proactive approach in the future.

With that in mind, this morning I 
will discuss a number of important ini-
tiatives underway that reflect the Com-
mission’s continuing focus on guarding 
against security threats and our intention 
to maintain that strong focus in the fu-
ture. I’ll first discuss the traditional focus 
of our security work—safeguarding spe-
cial nuclear material—and then discuss 
source security, an area of growing focus 
for the agency during the past decade.

The NRC’s domestic safeguards pro-
gram has two primary aims: 1) ensuring 
that special nuclear material within the 
United States is not stolen or otherwise 
diverted from civilian facilities for nefari-
ous purposes; and 2) limiting the possible 
risk of radiological sabotage of a facility or 
transport. Through the agency’s licensing 
reviews and oversight programs, the NRC 
is responsible for ensuring that licensees 
have the technical and administrative ca-
pabilities necessary to implement our se-
curity and safeguards requirements. The 
NRC also has important responsibilities 
in reviewing export and import licenses 
for nuclear material and equipment. In 
consultation with the Executive Branch, 
the Commission must consider whether 
the importing country has the technical 
and administrative capability, as well as 
the resources and regulatory structures in 
place, to manage the material and equip-
ment in a safe and secure manner.

In terms of our domestic licensees, 

the NRC’s requirements primarily take 
two forms—physical protection mea-
sures and material control and accounting 
programs. The NRC’s physical protec-
tion requirements for reactors, fuel cycle 
facilities, and spent fuel storage facilities 
are based on the type of the facility, the 
quantity of the material, and the overall 
level of risk. In order to determine the 
adequate level of physical protection, the 
NRC monitors intelligence information 
through its threat assessment program 
to stay alert to the capabilities of—and 
threats posed—by potential adversaries. 
This information helps us establish the 
design basis threats—the threats and ad-
versaries that these facilities are required 
to protect against—and determine the ad-
equate level of physical protection.

The second pillar of the NRC’s do-
mestic safeguards programs is material 
control and accounting for special nucle-
ar material. The NRC and DOE have 
worked together effectively to deploy a 
national accounting system for special 
nuclear materials aimed at preventing or 
detecting their potential loss. This data-
base—the Nuclear Materials Management 
and Safeguards System—contains current 
and historical data on the possession, use, 
and shipment of this material within the 
United States, as well as all exports and 
imports of such material. These control 
and accounting measures help us verify 
that these materials have not been stolen 
or diverted to unauthorized users.

That is a very general view of the two 
main security strategies that the NRC em-
ploys to safeguard nuclear facilities and 
material. The specific rules and require-
ments that we put in place, however, have 
to remain responsive to the dynamic threat 
environment. The NRC has to ensure that 
its security framework remains effective as 
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U.S. Nuclear Regulatory Commission



12 Journal of Nuclear Materials Management Fall 2010, Volume XXXIX, No. 1

new issues emerge for existing facilities 
and as potential new facilities raise differ-
ent challenges. The NRC remains focused 
as ever on the safety and security of the 
existing reactors and facilities, but at the 
same time, we also are working to ensure 
that we have the staff, expertise, and regu-
latory framework we need to assure the 
safety and security of potential new facili-
ties. In the coming years, it is quite pos-
sible that the NRC will be responsible for 
regulating a larger number of reactors and 
fuel cycle facilities employing a broader 
range of technologies than at any point in 
the agency’s history. 

The potential for new reactor con-
struction receives the lion’s share of atten-
tion among much of the public and many 
of our stakeholders. It might surprise some 
to learn that new fuel cycle facilities, how-
ever, are at a far more advanced stage of 
development at this point. While it will be 
several more years before the first poten-
tial new reactor is constructed and enters 
operation, the NRC just last month gave 
its final approval to one licensee to begin 
operation of a new gas centrifuge enrich-
ment facility. Additionally, two other gas 
centrifuge facilities, a mixed oxide facility, 
and a laser enrichment facility also are at 
various stages of development. The secu-
rity concerns posed by these facilities—
including the potential dual-use nature 
of the enrichment technologies—makes 
it imperative that the NRC maintain a 
strong focus in this area and develop the 
necessary resources for overseeing these 
new facilities. 

Under the current regulatory frame-
work, the required level of physical pro-
tection for fuel cycle facilities depends on 
the facility type, as well as the type and 
quantity of special nuclear material at the 
facility. This framework is based on the 
agency’s categorization scheme for special 
nuclear material, which has been in place 
for nearly thirty years. The agency has to 
continually reevaluate and ensure that our 
approach remains effective in light of the 
dynamic threat environment for existing 
facilities and the potential expansion in the 
number and type of facilities. Toward that 

end, the Commission recently approved 
the development of the technical basis 
for a proposed rule to revise the catego-
rization scheme. The revised approach—a 
material attractiveness approach—would 
consider additional factors in determin-
ing the risks that special nuclear material 
might be diverted for a nefarious purpose.

Also, just in the past year, some have 
raised potential proliferation concerns 
about the planned construction of a new 
laser enrichment facility. Specifically, the 
smaller footprint and lower energy needs 
of the laser enrichment technology have 
been the cause of concern. The proposed 
civilian facility is the first of its kind in the 
United States, and makes it distinct from 
anything the NRC has licensed in the 
past. As the agency moves forward with 
the licensing review of the proposed facil-
ity, the agency will proceed carefully to 
ensure that it is taking the right approach 
to not only assuring the protection of the 
material but also preventing the theft or 
diversion of information about the facility.

The potential security concerns re-
lated to special nuclear material have long 
been at the forefront of our security initia-
tives. It is safe to say, however, that in the 
years since September 11, we have devel-
oped a better appreciation of the poten-
tial security concerns posed by radioactive 
sources. The sheer number of materials 
licensees—approximately 3,000 NRC li-
censees and approximately 19,500 Agree-
ment State licensees—creates challenges 
in securing these sources, as does the fact 
that these sources are geographically dis-
persed across the country, and are used for 
a wide variety of purposes—from treating 
millions of medical patients each year to 
the industrial functions they serve in the 
energy and construction industries. 

The NRC chairs an interagency Radi-
ation Source Protection and Security Task 
Force that evaluates and provides recom-
mendations related to the security of ra-
diation sources, including protection from 
potential terrorist threats. The interagency 
group is finalizing the 2010 Report to the 
President and Congress and looks forward 
to reporting on the substantial progress 

that we have made since our 2006 Report. 
Among the key accomplishments 

that I expect the report to highlight is 
the launching last year of the National 
Source Tracking System (NSTS) by the 
NRC. The NSTS is a secure, Web-based 
national registry that tracks radioactive 
sources from the time they are manufac-
tured or imported through the time of 
their disposal, decay, or export. Prior to 
the development of this system, there was 
no single U.S. source of information to 
verify the licensed uses, locations, quan-
tities, and movements of these materials. 
Separate NRC and Agreement State sys-
tems contained information on licensees 
and the maximum amount of materials 
they were authorized to possess, but these 
systems did not record actual sources 
or their movements. By tracking more 
than 70,000 risk-significant sources, the 
NSTS system enhances our ability to de-
tect and act upon inventory anomalies, 
respond to emergencies, and verify the le-
gitimate use and transfer of sources. The 
greater accountability for these high-risk 
sources helps strengthen our national se-
curity framework. As is to be expected 
with any new and complicated system 
with thousands of users, there have been 
challenges along the way with day-to-
day implementation. The staff right now 
is focused on ensuring that this system 
is fully and successfully implemented. 
Once that work is done, the Commission 
will be in the position to assess whether 
this system meets our security objectives 
or whether further enhancements to the 
system are necessary. As I visit countries 
around the world for international meet-
ings, I see that we are a leader in this area, 
and we should remain so.

A national source tracking system 
provides greater source accountability, 
which should foster increased control by 
licensees. It cannot, however, ensure the 
physical protection of sources, which is 
why that also has been an area of con-
tinuing focus for the Commission. Prior 
to September 11 the NRC’s protection 
requirements for sources focused on safe-
ty and preventing inadvertent or acciden-
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tal exposure of these materials to work-
ers and the public. These requirements 
also indirectly provided security for the 
material. The events of September 11, 
however, made the NRC take a broader 
look at its requirements and reevaluate 
what a terrorist might do to attain these 
materials. Through a series of orders, the 
Commission implemented significant 
enhancements to the physical protec-
tion of these materials. Last month, the 
Commission approved a proposed rule 
to codify many of these orders. This is 
just the latest rulemaking in a multi-year 
effort by the Commission to codify the 
post-9/11 orders. Like the past rulemak-
ings, this one also provides the Com-
mission an opportunity to strengthen 
the rules based on the lessons learned in 
implementing these orders, as well as to 
incorporate public and stakeholder input 
as we consider potential changes.

One material—cesium chloride—has 
garnered particular attention because of its 
use in a wide range of medical, industrial, 
and research applications. Approximately 
550 licensees in the United States possess 
about 1,100 cesium chloride irradiators 
that contain at least a Category 2 quantity 
of radioactive materials. The categoriza-
tion scheme for determining the risk sig-
nificance of certain sources is modeled on 
the International Atomic Energy Agency’s 
Code of Conduct on the Safety and Secu-
rity of Radioactive Sources. In recognition 
of the potential security concerns posed 
by cesium chloride, the NRC imposes in-
creased security controls on these sources. 
The Commission recently approved a 
draft policy statement that recognizes 
that the security of these risk-significant 
sources is an essential part of our mission 
and demonstrates the Commission’s com-
mitment to issuing additional security re-

quirements if the threat environment calls 
for it. Through the byproduct rule that I 
discussed earlier, the Commission is also 
moving forward with a proposal to insti-
tute additional background checks and 
require comprehensive security programs 
to limit unauthorized access to Category 1 
and 2 sources, including cesium chloride.

Before I close, I would like to stress—
in light of the movement that we have 
seen, both domestically and internation-
ally toward an increased focus on securi-
ty—how critical it is to integrate the con-
sideration and evaluation of security and 
safety activities. Many safety activities can 
have beneficial security impacts, and vice 
versa. There are instances in which the 
safety and security measures can comple-
ment and reinforce each other. 

But the NRC has also seen instances 
in which safety and security measures do 
come into conflict, and can compromise 
the performance of the safety or security 
functions. The agency has seen cases in 
which there was a lack of communication 
among staff at licensed facilities that could 
have potentially compromised safety or 
security. Some examples include the place-
ment of security barriers that diminished 
access to fire suppression equipment, the 
placement of scaffolding during main-
tenance activities that affected security 
lines of fire, and the staging of temporary 
equipment within security isolation zones.

It is important that regulators and 
licensees take an integrated approach to 
identifying potential conflicts and to en-
suring that they do not adversely impact 
either safety or security. The NRC has 
done some good work in this area. In 
completing a reactor security rule last year, 
the Commission included a provision to 
require licensees to take an integrative ap-
proach to identifying possible issues and 

implementing the appropriate mitigative 
or compensatory measures. 

The agency has also engaged some 
of these issues in the course of drafting 
a safety culture policy statement. Among 
the chief goals of this effort has been to 
make clear that the Commission consid-
ers security to be an important compo-
nent of a positive safety culture. But we 
have seen disagreements about whether 
the importance of a security culture can 
best be addressed through a single joint 
policy statement or separate policy state-
ments. Safety and security cultures may 
have some differences, such as in the role 
of information sharing, but it important 
to remember that there are also many key 
similarities, including a questioning at-
titude and a commitment to continuous 
improvement. 

These issues do not necessarily have 
easy solutions. It will certainly require the 
hard work and sustained focus of both 
regulators and licensees. But I believe that 
it is an issue that warrants such attention 
to ensure that we attain the maximum 
safety and security gains possible from 
the regulations we develop. This has be-
come more and more important in light 
of heightened security concerns and the 
increased focus on security in recent years. 
And as you well know, our security work 
is by no means complete. In addition to 
the important substantive issues that you 
will be delving into throughout this con-
ference, I encourage you to think hard 
about the safety-security interface issue. 
We will achieve the greatest security gains 
if we work through discrete security issues 
and also consider how our proposed so-
lutions fit within the broader regulatory 
framework. 
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Introduction
I am very pleased to address the INMM 
Annual Meeting today.  I consider INMM 
to be one of the great resources for the pro-
motion of global nuclear material security.  
Its members are one of the foremost re-
positories of knowledge on protecting 
nuclear materials and ensuring that the 
global community can continue to safely 
utilize nuclear technology for peaceful and 
productive purposes.

This afternoon, I’d like to talk about 
how changes in the global environment 
in recent years have impacted the security 
structures and mechanisms that we rely 
on to keep nuclear and radiological mate-
rials out of the hands of terrorists.  Then 
I’d like to offer some suggestions for how 
we can and should move beyond the cur-
rent nuclear material security architecture 
to develop a more robust barrier against the 
devastating possibility of nuclear terrorism.

In particular, I believe that the 2010 
Nuclear Security Summit should be 
viewed as a starting point for the devel-
opment of a next generation architecture 
for nuclear material security. President 
Obama’s four-year goal for securing all 
vulnerable nuclear material is extremely 
important.  But this is not a four-year 
problem.  This is a forever problem as long 
as dangerous nuclear materials reside on 
the earth.  And we need to improve the 
barriers to the misuse of these materials.  

In my view, government, civil society, 
and the private sector must work more 
closely together to counter the twenty-first 
century threats that are challenging today’s 
nuclear material security and nonprolifer-
ation regimes.  I think that the INMM— 
which incorporates all key stakeholders of 
this nuclear material security issue—has a 
vital role to play in facilitating progress on 
these important objectives.

Adapting to the 21st Century 
I think that it important to look at this is-
sue in perspective.  We are almost twenty 
years past the collapse of the Soviet Union, 
a momentous event that woke the world 
up to the danger of “loose nukes.”  We re-
sponded very well to this new challenge 
by creating new programs that allowed, in 
particular, the United States and Russia to 
cooperate on nuclear material security in a 
number of very sensitive locations.  Those 
programs endure today and have gener-
ated a wealth of knowledge on how for-
mer adversaries can work together on this 
sensitive subject.

But between 1991 and today we 
have had to face another game-changing 
phenomenon—the rising power of de-
termined and shadowy terrorists who are 
intent on inflicting damage around the 
globe.  Their ultimate weapon, there can 
be no doubt, would be a nuclear device.  
The architecture for protecting the world’s 
growing nuclear material stockpiles needs 
to evolve along with this threat—and 
it has to some degree.  But, it has not 
evolved enough—neither politically nor 
technologically.

The forces of technological and eco-
nomic globalization are dramatically re-
shaping the nature of the nuclear threats 
the world faces.  New dimensions of the 
proliferation danger are being propelled 
by economic integration, energy demand, 
technology diffusion, and the decentral-
ization of control.  The nuclear mate-
rial security regime has begun to adapt to 
these new realities, but not as much as is 
necessary, and not as quickly as is needed.  
And, in a recent development, some ef-
forts may be in the slow motion process 
of winding down.  The decision of the 
G-8 last month not to extend the Global 
Partnership—while not a fatal blow—cer-

tainly was not a vote of confidence in the 
effort to prevent nuclear terrorism.

Since the international economy, 
and not international security, seems to 
be the prism through which most leaders 
view the state of the world today, I think 
it is important to reframe this issue and 
underscore the absolutely critical role 
that nuclear material security and nuclear 
nonproliferation play in supporting the 
global economy.  Just one nuclear terror-
ist incident in a key city or country would 
likely crater the global economy.  A radio-
logical terrorist event using a high inten-
sity source in a key population center also 
would do very serious economic damage.  
With trillions in global economic activity 
at stake, a few billion dollar investment in 
ensuring that it is not destroyed is not just 
prudent, it is very wise.

Globalization has fused the globe and 
challenged the international order.  This 
has increased the need for more ambitious, 
flexible, and cooperative international se-
curity mechanisms.  Governments and 
intergovernmental bodies alone can no 
longer adequately counter the twenty-
first century’s proliferation threats. The 
Nuclear Nonproliferation Treaty (NPT) 
is under pressure from Iran, North Korea, 
and global nuclear power expansion.  The 
ad hoc mechanisms that have been created 
to fill the gaps in the treaty regime, by 
addressing emerging proliferation threats 
like non-state actors, have not been broad-
ly accepted by the international commu-
nity.  And there are political challenges 
that need to be addressed with fresh ideas.

New, creative thinking is required 
to develop a stronger, more flexible next 
generation global nuclear material secu-
rity strategy that is able to swiftly adapt to 
international developments while main-
taining the broad international legitimacy 
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and benefits enjoyed by the treaty-based 
regime.  

The Obama administration, other 
international leaders, and technical and 
policy experts must think beyond the in-
cremental expansion and adaptation of ex-
isting efforts and agreements and commit 
to work to develop a next generation suite 
of nuclear security and nonproliferation 
policies.  

I would offer seven principles to 
frame the development of the new archi-
tecture:
•	 It	 must	 include	 a	 comprehensive	

threat assessment examining the eco-
nomic consequences of a nuclear or 
radiological terrorist event.  

•	 It	 needs	 to	 identify	 political	 leader-
ship in the developing world that can 
complement that of the developed 
world.

•	 It	needs	to	identify	a	baseline	for	se-
curity that actions and improvements 
can be measured against.

•	 It	needs	to	embrace	greater	transpar-
ency of actions even if that transpar-
ency is limited to other governments 
and kept confidential.

•	 It	must	provide	robust	and	multilat-
eral funding over the long term for 
those in need of assistance.

•	 It	 must	 be	 flexible	 and	 inclusive,	
meeting the evolving threats and em-
bracing the contributions of all stake-
holders.

•	 It	must	protect	the	benefits	of	nuclear	
power, medicine, and other peaceful 
uses.

Results of the Nuclear 
Security Summit
In my view, the April 2010 Nuclear Se-
curity Summit should be viewed as a very 
useful and important starting point for a 
discussion on the evolution of a new nu-
clear material security regime, not an end 
in itself.  

This unprecedented and successful 
event brought together forty-seven nations 
and three international organizations to 

discuss how to prevent nuclear terrorism by 
improving global nuclear material security.  

There has never been such a gath-
ering of high-level political officials to 
discuss the subject of preventing nuclear 
terrorism and securing nuclear materials.  
High-level political attention is essential 
to motivate rapid action on this important 
agenda. 

Participants at the April Nuclear Se-
curity Summit agreed to a communiqué 
which highlighted the global importance 
of preventing nuclear terrorism and en-
dorsed President Obama’s goal of secur-
ing all vulnerable nuclear material in four 
years.  Additionally, they underscored the 
importance of maintaining effective se-
curity over all nuclear materials on their 
territory; encouraged the conversion of 
reactors that use highly enriched uranium 
(HEU) to low-enriched uranium (LEU); 
and recognized the importance of the 
Convention on the Physical Protection of 
Nuclear Material and its amendment and 
the International Convention for the Sup-
pression of Acts of Nuclear Terrorism as 
essential elements of the global nuclear se-
curity architecture.  Finally, the communi-
qué emphasized the need for international 
cooperation on this agenda, including the 
importance of capacity building and re-
sponding to requests for assistance in or-
der to secure these materials globally.

The work plan accompanying the 
communiqué focused on improving and 
universalizing existing nuclear security 
agreements and programs.  In addition to 
the conventions mentioned in the com-
muniqué, the work plan also notes the 
need to fully implement UN Security 
Council Resolution (UNSCR) 1540 and 
support the Global Initiative to Combat 
Nuclear Terrorism and the G-8 Global 
Partnership Against the Spread of Weap-
ons and Materials of Mass Destruction.  It 
also recognizes the continuing importance 
of the IAEA and its nuclear material secu-
rity guidelines and activities.  

The work plan further highlights the 
fundamental role of the nuclear industry 
in the nuclear security agenda, the human 
dimension in ensuring nuclear material 

security, and the importance of sharing 
best security practices.  

Other ambitious objectives of the 
work plan included the consideration of 
the consolidation of national sites where 
nuclear material is stored, the removal and 
disposal of nuclear materials no longer 
needed for operational activities, and the 
minimization of the civil use of HEU.  

However, in keeping with the need 
to maintain consensus on these high level 
objectives the work plan offers many cave-
ats, including allowing individual nations 
to implement many of these objectives “as 
appropriate.” 

In addition to the work plan, twenty-
nine individual countries made commit-
ments for improving security at home, 
including Ukraine’s decision to remove 
all of its remaining HEU by 2012 and the 
United States and Russia signing an agree-
ment to implement the plutonium dispo-
sition agreement. 

And finally, an important decision 
was made to hold another summit in the 
Republic of Korea in 2012.

All of these developments are good 
and positive and will further solidify the 
current foundation of nuclear material 
security.  But, even if implemented com-
pletely and rapidly, they would not be 
sufficient to address the evolving nuclear 
terrorism threat.

There are three areas where I think 
the summit could have done more.  

The first is on the funding issue.  I 
had hoped for more international fund-
ing for the nuclear security mission.  At 
the very least, the International Atomic 
Energy Agency’s (IAEA) nuclear security 
office is in need of significant additional 
funding.  And, just eleven weeks after 
President Obama called for the extension 
of the Global Partnership, the G-8 punted 
on its future.

Second, the issue of radiological 
material security was not afforded a high 
priority at the summit.  While it was ref-
erenced in both the communiqué and the 
work plan, my understanding is that a 
number of countries would have liked to 
have seen that issue be a higher priority.  
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This could be on the agenda for the 2012 
summit.  

Finally, there were no new initiatives 
announced.  While there may be some in-
ternational fatigue with the current set of 
activities, they are still inadequate to the 
task of effectively preventing nuclear ter-
rorism.  

Why 2010 is Important
This year the international community 
has four unique opportunities to strength-
en the defense against nuclear terrorism.  

The first opportunity was April’s Nu-
clear Security Summit. It was preceded by 
the new START agreement with Russia to 
further reduce deployed nuclear arsenals 
and address the legacy of the Cold War, 
and the Nuclear Posture Review which 
addresses how we will configure and use 
the U.S. nuclear arsenal. Taken together 
these were important steps that could help 
bolster the goals of the United States to 
strengthen the global effort to prevent 
new nuclear weapons states and enforce 
the NPT.

The second opportunity was the 
NPT Review Conference.  The final con-
ference document encouraged all states to 
maintain the highest possible security and 
physical protections standards for nuclear 
materials, improve national capacities for 
preventing nuclear smuggling and the 
proliferation of nuclear weapons, and 
implement voluntary IAEA nuclear secu-
rity recommendations and related interna-
tional guidance.  

I would say that the first two oppor-
tunities were successes, while recognizing 
their limits.

The next opportunity was the joint 
meeting in Canada of the G-8 and G-20 
nations, but unfortunately, this was a 
missed opportunity.  The Global Partner-
ship was established in 2002 at the G-8 
summit in Kananaskis, Canada.  With 
the summit returning to Canada this year 
and President Obama’s call in April for an 
additional $10 billion in funding for the 
Global Partnership and an expanded sub-
stantive and geographical mandate, many 

experts expected the Global Partnership 
to be extended and expanded.  However, 
rather than agreeing to re-shape, re-en-
ergize, and re-finance the initiative, G-8 
leaders only agreed to evaluate its geo-
graphic expansion and new funding com-
mitments. Additionally, the G-20 nations 
met in Canada on the heels of the G-8 
summit, and they did not discuss security 
issues at all.  The G-20, now solely ad-
dressing economic issues, needs to become 
more concerned and involved with global 
security issues (including nuclear dangers) 
that will directly affect the stability and 
prosperity of their nations.  

The final opportunity rests with the 
Congress. Obama has requested a $320 
million increase for international nuclear 
security activities in the FY11 budget, and 
the Congress will need to act.  House and 
Senate authorizers were the first to move 
and both committees supported the re-
quested funding for the National Nuclear 
Security Administration’s nonprolifera-
tion programs and the Department of 
Defense’s (DoD) Cooperative Threat Re-
duction (CTR) program.  But the request 
was really not adequate to meet Obama’s 
global nuclear security objectives, and 
the authorizers did not add any funding.  
There are darker clouds looming over the 
appropriations process, with key members 
questioning the size of the request.

Both of these examples raise the seri-
ous and enduring question of why many 
political leaders—both around the world 
and in the U.S. capitol—seem to regard 
the funding of nuclear material security as 
an expendable priority.  One answer is that 
they do not understand the fundamental 
role that nuclear material security plays 
in global economy.  My sense is that they 
think of nuclear issues as the responsibility 
of technical specialists and do not think 
about what the domestic and global eco-
nomic consequences would be if the se-
curity system broke down and significant 
material leaked into the wrong hands.

The Financial Dimensions 
of Nuclear Security
There are two fundamental financial di-
mensions directly related to nuclear se-
curity.  The first is the cost to prevent a 
terrorist nuclear event; the second is the 
cost to the global economy if such an 
event occurs.  I do not know the answer to 
the second question except to guess that it 
would be huge.  But I certainly hope that 
the U.S. government and other govern-
ments do know the answer.  It would be 
very sobering if at the past nuclear sum-
mit or at the next one someone gave an 
analysis of this cost to the assembled na-
tions.  I think that would have a dramatic 
impact on both developed and developing 
nations.

The more concrete question is what 
it would cost to prevent this kind of an 
event.  The answer here is more than we 
are currently spending.

President Obama’s four-year pledge 
has not been backed up with the necessary 
funding. The current year’s budget (FY10) 
is less than the last budget of the Bush ad-
ministration.  The FY11 budget request 
of $3.1 billion for international weapons 
of mass destruction (WMD) security pro-
grams (including DHS) gives a significant 
boost to nuclear security programs.  

But, this funding doesn’t much ex-
pand the scope of current efforts.  It accel-
erates some of them, but it doesn’t really 
expand them.  There are two exceptions— 
the $30 million for Nuclear Security Cen-
ters of Excellence in the DoD budget and 
$3 million to support the implementation 
of UNSCR 1540 in the State Department 
budget.  But this is partially offset by the 
reduction in the funding for radiological 
security and other activities in the budget.  

There are a number of new initia-
tives that the administration could have 
proposed that would have both justified 
higher spending and improved the nu-
clear security effort. But, even if they did, 
would the Congress have supported them?

The real question should be whether 
we can afford not to aggressively finance 
nuclear material security.  Compare the 
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budget for locking down nuclear weapons 
and materials with another global chal-
lenge: climate change.  In the American 
Recovery and Reinvestment Act of 2009 
alone, over $35 billion is provided for cli-
mate change related activities—more than 
12 times what we spend today on nuclear 
security.  And nuclear security spending is 
only about one-third of 1 percent of the 
total defense budget this year.  

Then consider what the world is 
spending on other top priorities.  In 2007, 
$1.6 trillion was spent worldwide on de-
fense.  In 2008, $114.5 billion was spent 
by Organization for Economic Coopera-
tion and Development (OECD) countries 
on foreign aid.  These figures have likely 
grown in the years since and certainly 
dwarf the amount of funding allocated to 
preventing a nuclear terrorist attack. 

I would argue that the Congress 
should be the strongest possible partner 
in the global nuclear security process by 
not only fully funding the FY11 budget 
request but going beyond it. Funding 
nuclear security today is not only a good 
bargain for national security, but it is also 
an investment in a strong and growing 
economy.

The FY11 budget, in my view, should 
be front loaded to ensure adequate fund-
ing for existing and new opportunities. 
More realistic budgets for both the Inter-
national Nuclear Material Protection Co-
operation (INMPC) and Global Threat 
Reduction Initiative (GTRI) programs 
are about $600-650 million in FY11 with 
growth up to an average of about $700-
$750 million per year for FY12-15.  Simi-
larly, the DoD and U.S. State Department 
threat reduction budgets should grow. 
This would allow the programs to ramp-
up their activities more effectively in sup-
port of the President’s objectives.

In addition, the radiological secu-
rity mission should be boosted.  Large 
numbers of radiological sources exist in 
the United States, and many are in pub-
lic buildings.  Hundreds of thousands of 
these sources can be found abroad.  As a 
result, the challenge of securing all radio-
logical materials is significant, and it can 

seem too unwieldy.  The Obama adminis-
tration at the very least, should commit to 
secure all the radiological sources in public 
buildings, beginning with major metro-
politan hospitals in the United States on 
an accelerated timetable.  The cost for this 
would be about $125 million.

Further, the congressional limit on 
nuclear security spending in Russia and 
the former Soviet states is set to begin in 
FY12.  This needs to be modified so that 
the Russia-focused programs can contin-
ue.  This is especially important not just 
because the job will not have been com-
pleted in that country by that date, but 
also because security equipment installed 
at the start of this cooperation in the early 
and mid-1990s is nearing the end of its 
life expectancy and is becoming obsolete. 
Improvements on the original security 
measures, therefore, may be required.  

And finally, the president and his nu-
clear security staff should not take the deci-
sion of the G-8 on the Global Partnership 
lying down.  The president needs to lever-
age the momentum created by the Nuclear 
Security Summit and work to generate sup-
port for a global fund for WMD security 
that totals $2.5-3.0 billion per year over the 
next ten years.  The U.S. is already paying 
over $1.5 billion per year of this amount.  
That means the rest of the G-8, its fifteen 
partners, and others would have to pick up 
$500 million to $1 billion per year.  For 
economies that together account for over 
44 percent of total global gross domestic 
product, that is a small investment in se-
curing their future economic growth.

This fund would underscore the need 
for continued multilateral involvement 
in this area and make clear to recipient 
nations that there is a renewable WMD 
security investment fund that they can 
utilize and rely on. 

Incrementally funding the fight 
against nuclear terrorism is a prescription 
for making it more likely rather than re-
ducing its likelihood.  If nuclear terrorism 
occurs, the cost of just the response will 
dwarf the cost of prevention.

The Road to the Republic 
of Korea 2012 Nuclear  
Security Summit 
This leads to the opportunity that is pre-
sented by the next summit in the Republic 
of Korea.

Current conservative estimates of 
global fissile material stockpiles are 1,600 
metric tons of HEU and 500 metric tons 
of separated plutonium.  Only 50-60 kg 
of HEU or 8 kg of plutonium are required 
to make a crude nuclear bomb. And these 
stockpiles are growing in some unstable 
regions of the world.

The president’s goal to secure these 
materials within four years was endorsed 
as an international objective at the April 
Nuclear Security Summit.  But, this mis-
sion will require actions beyond forty-
seven nations, beyond the current mech-
anisms, and beyond the South Korean 
summit in 2012.  So, the next summit is 
both an important target and deadline.

The United States will certainly have 
to lead in this effort, but it also needs part-
ners in this process that are as committed 
as the United States is.  I hope that South 
Korea will see this as an opportunity to rise 
as a major player in this important global 
issue area, especially given the growth in 
prestige of their nuclear industry.  But, in 
my view there also needs to be at least one 
nation in the constellation of developing 
nations that will be a strong political part-
ner with the U.S. in this effort. 

The responsibility for improving 
nuclear security extends beyond govern-
ments; both the nongovernmental com-
munity and the nuclear industry held 
complementary summits in Washington 
during the days surrounding the official 
Nuclear Security Summit.  The coali-
tion of nongovernmental organizations 
(NGO) that I co-chair, the Fissile Materi-
als Working Group, organized the NGO 
event.  The nuclear industry event was 
organized by the Nuclear Energy Institute 
(NEI).  

The next governmental nuclear se-
curity summit raises the question of what 
should be done by all of the stakeholder 
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communities over the next two years to 
drive the nuclear material security agen-
da beyond its current boundaries and to 
make concrete progress at that gathering.

To be most effective, it should extend 
beyond the 2010 summit’s scope to in-
clude radiological material security issues, 
new funding commitments, and endorse-
ment of new initiatives. 

Here are five ideas for moving this 
agenda forward at the South Korean summit.

(1) A New Framework Agreement
There are at least a dozen different inter-
national agreements and initiatives pro-
viding guidance on nuclear material secu-
rity.  Most of these were referenced in the 
nuclear summit documents.  In addition, 
each nation has its own regulations and 
laws. But these instruments are not tied 
together and adherence is often voluntary. 
This lack of an international framework 
agreement on fissile material security 
means there has been no organizing force 
to drive the agenda. 

Our objective needs to be to define 
a cohesive future policy structure and 
generate international expert and politi-
cal support behind it in order to persuade 
governments (some quite reluctant) to ac-
cept a new international order for nuclear 
material security.

A Fissile Material Security Framework 
Agreement would identify the threats to 
humankind from vulnerable fissile materi-
als, especially the threats posed by terrorists, 
and list actions required to mitigate them. 
A framework agreement would allow the 
subject to be acknowledged at a very high 
political level as a global priority and then 
require the adherents to take specific steps 
to achieve the agreement’s objectives. 

The framework could include a num-
ber of items and usefully package them 
so that its norms are unified, clear, and 
cohesive. 

For example:
•	 The	framework	could	recognize	all	

the relevant existing conventions, 
agreements, and Security Council 
resolutions, including conventions 
on the suppression of acts of nuclear 

terrorism, terrorist financing, and 
bombings. 

•	 It	could	underscore	the	legitimacy	
of ad hoc nuclear security mecha-
nisms such as the CTR program, the 
Global Partnership, the Proliferation 
Security Initiative, the Global Initia-
tive to Combat Nuclear Terrorism, 
and others. 

•	 It	could	identify	a	baseline	stan-
dard for nuclear and radiological 
material security while encourag-
ing implementation of the highest 
possible security standards through 
an intensive, global best-practices 
engagement process. 

•	 It	could	encourage	public-private	
partnerships in support of nuclear 
security and recognize the important 
role that the civil society sector plays 
in this area.  

•	 This	agreement	should	be	universal,	
but it could begin with support from 
a coalition of the committed.  

Models for the framework include 
prior UN Security Council Resolutions, 
the UN Framework Convention on Cli-
mate Change, and others.

(2) Transparency for Confidence  
Building
The nuclear age was born secret but we 
now live in an era when too much secrecy 
can be a liability.  Security vulnerabilities 
have been exploited in the past and can be 
in the future.  Transparency of countries’ 
nuclear security measures and their im-
provement are very important in building 
international confidence.  

Country reports under UNSCR 
1540 offer a mechanism for sharing in-
formation and better understanding the 
strengths and weaknesses of security struc-
tures in countries around the world.  But 
compliance with 1540 is very uneven, 
with some countries citing a lack of na-
tional resources hindering their reporting 
efforts.  

Countries can learn a great deal from 
one another’s experiences with securing 
nuclear materials and facilities.  Currently, 

some countries are willing to share infor-
mation with the IAEA—which maintains 
strict confidentiality—but not with the 
other governments or the public.  Coun-
tries should be encouraged to prove to 
each other that they have strong security 
mechanisms in place, not simply make 
statements that must be taken on faith. 
The U.S. Department of Energy (DOE) 
offers a positive information sharing ex-
ample. Each year its inspectors report on 
which of its facilities receive the highest 
marks in security. This type of transparen-
cy bolsters confidence in facility security 
without giving away any sensitive details.   

There are a number of other mecha-
nisms that could be considered including 
providing real-time information on secu-
rity at specific facilities that could be trans-
mitted to a confidential reporting center.  
This proposal might seem a bit extreme or 
even radical right now but so were other 
confidence building measures, like the 
U.S.-Russian nuclear hot line, before a cri-
sis made it a necessity, not an option.

(3) Baseline for Nuclear Material  
Security 
The most often-asked question from non-
experts is what is the standard for nuclear 
material security.  They are then surprised 
to hear that there is no one standard.  
Despite the detailed technical informa-
tion the IAEA provides for the securing 
of nuclear facilities and other domestic 
regulations and international conventions 
that govern nuclear material protection, 
no universally accepted standard exists for 
securing nuclear materials and weapons. 
The surprise stems from the fact that they 
know intuitively that this is not consistent 
with the management of other dangerous 
materials.

There are reasons for why the nuclear 
material security system is not standard-
ized, but the question is whether that 
rationale is still optimal.  It is a compli-
cated question that gets to the heart of the 
knowledge that many of you possess.  But, 
it is an important issue that merits further 
examination in advance of the next sum-
mit.  In my view, the Obama administra-
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tion, in collaboration with one or more 
international partners, should call for the 
establishment of a baseline nuclear secu-
rity standard to jump-start this process. 

(4) Boost the IAEA
The IAEA is the central international re-
pository of knowledge and assistance for 
nuclear material security and has deep in-
ternational legitimacy. The Nuclear Secu-
rity Summit underscored the need for the 
IAEA to do more.  However, the IAEA’s 
nuclear security activities are significantly 
underfunded.  It does not have enough 
technical staff and is ill prepared to fulfill 
increased demands in the future.  Expand-
ing the formal IAEA nuclear security bud-
get is difficult in part because developing 
nations will want any increase matched by 
an equal increase in the technical coopera-
tion budget.  But in addition to assessed 
contributions, the IAEA can accept vol-
untary contributions.  The United States 
makes a voluntary contribution each year.  
These funds can be earmarked for specific 
security purposes without being subject to 
the regular board approval process. 

To ensure that the IAEA has the tools 
and resources needed to meet twenty-first 
century nuclear security challenges, two 
actions should be taken.  First, developed 
countries should commit to increase their 
voluntary IAEA contributions for the next 
four years and earmark the funds for nu-
clear security.  The goal would be to match 
the IAEA’s current annual safeguards bud-
get of about $150 million.  Second, coun-
tries should also agree to train a specific 
number of additional nuclear security spe-
cialists for assignment at the IAEA to fill 
the positions that the additional voluntary 
contributions would create. Strengthen-
ing the IAEA and expanding its power for 
nuclear and radiological security is neces-
sary today, and this task will become even 
more important in the coming years.  

(5) Reduce and Eliminate Fissile  
Materials
Of course the best way to minimize the 
nuclear material security burden is to re-
duce the amount of material, limit the 

number of locations where it is stored and 
used, and eliminate that which is excess.  
The nuclear security summit’s work plan 
endorsed these objectives in the abstract, 
but did not delve into the details. In part 
that is because this work must be done 
on a country by country basis.  But, the 
achievement of these objectives will be 
measured at the South Korean summit, so 
hopefully countries will take these com-
mitments seriously.  

But there are an additional two fissile 
material issues that should be discussed 
in advance of the South Korean summit.  
The first is the phase out and ultimate ban 
on the civil use of HEU.  The usefulness 
of this material in a terrorist nuclear de-
vice is well known.  The second is to limit 
the reprocessing of spent fuel.  Here, there 
are no easy answers and as nuclear power 
grows around the globe spent fuel man-
agement headaches will increase. But, plu-
tonium separation should not be encour-
aged—especially not in the United States.

Partnering with Industry 
on Nuclear Security 

These issues of course have implications 
for other stakeholders besides govern-
ments, and are of particular interest to 
the nuclear industry. The nuclear industry 
needs to be more engaged in the nuclear 
material security discussion and the drive 
for better solutions.

Of course INMM has played an im-
portant role as the forum for nuclear secu-
rity discussions.  Its 2005 annual meeting 
served as the event at which the World In-
stitute for Nuclear Security (WINS) was 
introduced in concept.  WINS, with 350 
members, is now an established nonprofit 
organization that provides an internation-
al forum for the nuclear industry to share 
best security practices, engage in public-
private dialogues, and improve corporate 
governance structures regarding nuclear 
security.

WINS’ goal is to encourage industry 
to voluntarily take a proactive role in im-
plementing twenty-first century nuclear 

security structures.  But the question is 
whether WINS alone can win the argu-
ment with private sector companies about 
the need for them to take a more active 
role in the improvement of nuclear ma-
terial security.  I raise this question not 
because of any lack of faith in the WINS 
staff, quite the contrary.  I raise it because 
the Brookings Institution has recently is-
sued a report that surveyed the nuclear 
industry on their views of their role in the 
nonproliferation regime.

The report’s key finding is very in-
structive:

The results of the study reveal a gen-
erally consistent industry view: the 
nonproliferation regime and any rele-
vant proliferation resistant safeguards 
and regulations are primarily the re-
sponsibility of government and mul-
tilateral institutions, and industry is 
wary of any proposals that dramati-
cally change existing laws, regula-
tions, and institutional relationships 
that comprise the current nonprolif-
eration regime.

However, as Energy Secretary Ste-
phen Chu underscored at the Nuclear En-
ergy Institute (NEI) summit, “even a failed 
detonation of a nuclear device would have 
a devastating impact on public trust in 
nuclear energy.” And NEI President Marv 
Fertel described the industry summit as 
part of the ongoing nuclear security en-
gagement by industry “to provide input to 
government policy, share lessons learned 
in this area, and ensure that we continue 
to operate our commercial facilities in a 
manner that prioritizes nuclear safety and 
security above all other matters.”  

Industry leaders, having experienced 
the devastating blow that the Three Mile 
Island accident inflicted on nuclear power 
thirty years ago, clearly understand the 
importance of robust material security for 
the continuation and growth of their busi-
ness.  But my sense is that they also are 
concerned about its impact on their bot-
tom line.

One solution to this situation is 
to bring the key parties into more regu-
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lar contact.  For example, consideration 
should be given to the creation of a new, 
multidisciplinary nuclear material security 
“Iron Triangle.” Consider the sides of this 
new “Iron Triangle”: government institu-
tions provide regulatory oversight and im-
plementation capacity; civil society iden-
tifies new policy approaches to emerging 
challenges; and the private sector drives 
innovation and expansion.  Government, 
civil society, and the private sector each 
play a vital role in responding to twenty-
first century nuclear proliferation threats, 
and each offers a vital contribution the 
other sectors lack.  But they need to work 
together.

The NGO- and industry-related 
events that took place around the official 
2010 Nuclear Security Summit are exam-
ples of this conceptual triangle beginning 
to take a concrete form. However, despite 
the fact that each event was connected by 
content, each really existed in its own orbit 
and mainly served its own stakeholders.  
Real collaboration will require sustained 
engagement and attention by all parties to 
create a lasting structure that can collec-

tively combat twenty-first century nuclear 
material security challenges.  

The Brookings study had an inter-
esting suggestion in this regard—orga-
nize a Government-Industry Conference 
Against Nuclear Weapons Proliferation.  
This was an idea that was acceptable to 
many of the industry respondents to the 
study’s survey. I would argue to include 
non-governmental experts in such a con-
ference as well.  

I also expect that the South Korean 
government would welcome a continua-
tion of the NGO and the nuclear indus-
try summits around their official summit.  
It would be useful if these events were 
planned and coordinated in such a way 
as to be mutually reinforcing and benefi-
cial to continued dialogue among the key 
stakeholders.

Conclusion
The Washington Nuclear Security Sum-
mit has significantly raised the public pro-
file of the nuclear material security and 
nuclear terrorism prevention issues.  It also 

has committed nations to take action to 
improve nuclear security.  These commit-
ments need to be implemented as rapidly as 
possible. But the status quo for protecting 
the globe against nuclear terrorism is cur-
rently inadequate and additional steps need 
to be taken.  Right now we have many dis-
connected components with no cohesive 
and integrated driving mechanism.  The 
key to success in driving collective and uni-
fied action on this agenda in the wake of 
the summit is to integrate all the necessary 
tools into a comprehensive, flexible, legiti-
mate, and globally focused next generation 
nuclear material security framework. By 
setting another meeting in the Republic 
of Korea for 2012, there is the opportu-
nity to fuse together the elements and the 
key stakeholders that will result in a next 
generation global nuclear material security 
architecture. We need to take advantage of 
this opportunity to tightly bolt the door 
against nuclear terrorism. 

Thank you.
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Abstract 
Safeguarding sensitive fuel cycle technology such as uranium 
enrichment is a critical component in preventing the spread of 
nuclear weapons. A useful tool for the nuclear materials accoun-
tancy of such a plant would be an instrument that measured the 
uranium content of UF

6
 cylinders. The Uranium Cylinder Assay 

System (UCAS) was designed for Japan Nuclear Fuel Limited for 
use in the Rokkasho Enrichment Plant in Japan for this purpose. 
It uses total neutron counting to determine uranium mass in UF

6 

cylinders given a known enrichment. This paper describes the de-
sign of UCAS, which includes features to allow for unattended 
operation. It can be used on 30B and 48Y cylinders to measure 
depleted, natural, and enriched uranium. It can also be used to 
assess the amount of uranium in decommissioned equipment and 
waste containers. Experimental measurements have been carried 
out in the laboratory and these are in good agreement with the 
Monte Carlo modeling results. 

Introduction 
Safeguarding sensitive fuel cycle technology such as uranium 
enrichment is a critical component in preventing the spread of 
nuclear weapons. Independently verifiable material accountancy 
is a fundamental measure in detecting diversion of nuclear mate-
rial. To achieve material balance over an entire enrichment plant, 
it is essential to know the mass and enrichment of UF

6
 inside the 

facility as well as transferred in and out of the facility. The bulk 
of UF

6
 moving in and out of the plant is contained in 30B and 

48Y cylinders. In addition, there may be uranium by-products 
in waste containers and decommissioned equipment (i.e., cold 
traps, centrifuges, etc.). 

Traditionally, the uranium mass contained in UF
6
 cylinders 

has been determined using load cells or electronic scales. They 
are often used by both the operator and the inspector, making 
authentication difficult. These systems also require reference 
weights for calibration and a valid tare weight for each cylinder. A 
study of load cell performance conducted by URENCO UK Ltd. 
showed them to have reliability issues and raised concerns over 
the cost of realizing an authenticated system.1

We have developed the Uranium Cylinder Assay System 
(UCAS), which uses passive neutron detection to determine ura-
nium mass in UF

6
 cylinders as well as waste containers and de-

commissioned equipment. UCAS was designed for Japan Nucle-
ar Fuel Limited (JNFL) for use in Rokkasho Enrichment Plant. 
UCAS was designed to make the measurement relatively insensi-
tive to the position of the UF

6
 within the cylinder. Two units were 

fabricated: (1) a fixed-geometry system for assaying 30B and 48Y 
cylinders on the facility’s transfer trolley and (2) a mobile unit 
for assaying waste containers and decommissioned equipment. A 
mass measurement system based on passive neutron detection is 
an alternative that can be used in lieu of traditional load cells and 
electronic scales or as a redundant system to provide additional 
safeguards assurance. 

UCAS uses total neutron counting to determine uranium 
mass assuming the enrichment is known. The primary source of 
neutrons in enriched UF

6
 comes from the alpha bombardment 

of fluorine, where 234U is the dominant alpha emitter. Because 
the enrichment of 234U follows that of 235U, total neutrons give 
an indirect measure of the enrichment.2 The high penetrability 
of neutrons through UF

6
 means that total neutrons also track 

the uranium mass. Thus, with a known enrichment, the uranium 
mass can be determined from the total neutron count rate. Con-
versely, total neutron counting can be used to determine enrich-
ment given the uranium mass, but the 234U/235U ratio must also 
be known.3,4

The following sections describe the design and characteriza-
tion of UCAS. All of the physics calculations were performed 
using Monte Carlo N-Particle Extended (MCNPX), and the 
characterization measurements were performed at Los Alamos 
National Laboratory (LANL). 

Mechanical and Electrical Components 
Each UCAS unit consists of four identical detector pods containing 
two 

3
He tubes per pod (one upper and one lower tube). The tubes 

are embedded in a cylindrical block of polyethylene, which is par-
tially wrapped in cadmium. The detector pods are enclosed in 
aluminum cases. A photo of one of the mobile pods is shown in 
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Figure 1. The fixed-geometry pods are similar except that they are 
not bolted to a wheeled cart. Instead, a sliding mechanism will 
move the pods into the measurement position on the transfer 
trolley. Also, the cable connections for the fixed-geometry pods 
are inside the cover so that they can be used in unattended mode. 
The weight of each pod is 73 kg not including the cart. 

With two 
3
He tubes per pod, there are a total of eight tubes 

per system. Each tube has 4 atm of 
3
He, an active length of 121.9 

cm (48 in.), and a diameter of 2.54 cm (1 in.). The detector/
moderator configuration is shown in Figure 2. Figure 2(a) shows 
how the detector is assembled. The cylindrical polyethylene mod-
erator fits inside the aluminum case. The partial cadmium wrap-
ping on the outside of the polyethylene can also be seen in the 
photo. The 

3
He tube slides into the polyethylene moderator. 

Figure 2(b) shows the assembled detector/moderator con-
figuration. The cylindrical moderator has a notch taken out of 
the round surface in the direction of the sample. The position of 

the tube inside the moderator is optimized for maximum count 
rate. Figure 3 shows the count rate as a function of the depth of 
the tube within the polyethylene. The count rate is maximized 
when there is 1.9 cm (0.75 in.) of polyethylene between the outer 
radius of the 

3
He tube and the surface of the moderator. The extra 

polyethylene on the back side of the tube also provides shielding. 
The detectors are accessed through the side cover (see Figure 

1). The fixed-geometry system may be used in unattended mode, so 
the cable connections are inside the security cover, which can be 
fitted with a tamper-indicating device. The hole where the cables 
run out of the cover was designed to be used with the standard 
tamper-indicating conduit used by the IAEA. Because the mobile 
system will only be used in attended mode, the cable connec-
tions are on the outside of the frame for easy access. The cover 
also has two viewing windows that allow the operator to see the 
LEDs on the Precision Data Technology (PDT) preamplifiers to 
ensure that they are registering counts. 

UCAS was designed for singles mode only, but standard shift 
register coincidence settings are used: 4.5 μsec pre-delay, 64 μsec 
gate width, and a high voltage of 1680 V. The signals from each 
of the eight detectors are wired separately back to an OR box and 
then to a JSR-15 shift register. The coincidence data can be use-
ful for state-of-health and authentication purposes. Each system 
comes with a data analysis computer that uses IAEA Neutron 
Coincidence Counting (INCC) software (version 5.1.2 or later). 

Detector Characterization 
The physics calculations used to optimize the design and charac-
terize sensitivities for UCAS were performed using MCNPX. The 
neutron energy spectra and source strengths for various UF

6
 en-

richments were calculated using another code called SOURCES. 
The uranium isotopics and UF

6
 source strengths calculated with 

SOURCES are given in Tables 1 and 2. 

Figure 1. Photo of a mobile UCAS pod Figure 3. Count rate as a function of 3He tube depth in the  
polyethylene moderator

Figure 2. Detector/moderator configuration shown in (a) exploded 
view (upper detector) and (b) assembled view (lower detector)

(a) (b)
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30B and 48Y Cylinders 
The fixed-geometry unit will be used to assay 30B and 48Y cylin-
ders containing feed, product, and tails. The calculated efficiency 
of the unit for a maximum-filled 30B cylinder containing 3.5 
percent enriched UF

6
 is 1.2 percent. Figures 4 and 5 show the 

count rates in 30B and 48Y cylinders as a function of uranium 
mass. In both plots, the count rate increases with increasing ura-
nium mass.

The biggest source of uncertainty for the fixed-geometry 
unit is the distribution of UF

6
 within the cylinder. Counting 

statistics should be less than 1 percent, the background is low in 
the transfer hall where the cylinders will be measured, and un-
certainties in the calibration and 234U/235U ratio should also be 
relatively low compared to the source distribution term.

The distribution of UF
6
 within a cylinder depends on how it 

was filled, the last operation made on it (e.g., sampling in liquid 
phase after homogenization), and the storage conditions.5 When 
a cylinder is filled in liquid phase, most of the material remains in 
the lower part of the cylinder with a thin deposit on the up-
per part of the wall. When it is filled by desublimation, the solid 
UF

6
 adheres evenly to the cylinder wall, creating an annular ring. 

Over time, some of the UF
6
 on the upper part of the cylinder 

will slough off and fall to the bottom. We conducted a modeling 
study to assess the magnitude of the effect that source distribu-
tion has on the count rate. Based on several perturbations of UF

6
 

distribution within a 30B cylinder, we determined that the source 
distribution introduces an uncertainty of approximately 5 per-
cent to the measurement. 

In addition, we calculated the minimum detectable mass 
(MDM) of UF

6
 in 30B and 48Y cylinders. These values are given 

in Table 3 in terms of uranium and equivalent UF
6
 mass. The 

MDM is calculated as 3σ above background. The background 
rate in the transfer hall was estimated to be 0.32 cps based on 
previous measurements by another instrument. The background 
rate was scaled based on the volume of 

3
He in each instrument 

and shielding effects. The cylinder count time was assumed to be 
fifteen minutes. 

Enrichment U-234 
[atom percent] 

U-235 
[atom percent] 

U-238 
[atom percent]

Depleted  
uranium 

0.001 0.20 99.8

Natural  
uranium 

0.0055 0.72 99.2745

2.00 percent 
enriched 

0.01901 2.00 97.98099

3.50 percent 
enriched 

0.0288 3.50 96.471

5.00 percent 
enriched 

0.049827 5.00 94.950173

Enrichment (α,n) Source 
Strength  

[n/sec–cm3] 

Spontaneous 
Fission Source 

Strength  
[n/sec–cm3] 

Total Source 
Strength  

[n/sec–cm3]

Depleted  
uranium 

0.0574 0.0430 0.1004 

Natural  
uranium 

0.1447 0.0428 0.1875 

2.00 percent 
enriched 

0.4061 0.0423 0.4484 

3.50 percent 
enriched 

0.5974 0.0416 0.6390 

5.00 percent 
enriched 

1.0030 0.0410 1.0440 

Table 1. Uranium isotopics

Table 2. UF6 source strengths calculated with SOURCES

Figure 4. UCAS response for a 30B cylinder containing low-enriched UF6

Figure 5. UCAS response for a 48Y cylinder containing natural and 
depleted UF6



24 Journal of Nuclear Materials Management Fall 2010, Volume XXXIX, No. 1

 

Waste Containers and Cold Traps 
The mobile UCAS unit was designed to assay waste containers 
(i.e., crates and 208-liter drums) and equipment removed from 
the enrichment plant (i.e., cold traps). These items introduce ad-
ditional measurement challenges. For waste measurements, there 
are uncertainty terms associated with the composition and den-
sity of the waste matrix and the uranium enrichment. For cold 
trap measurements, there is uncertainty in the chemical form of 
the uranium. 

When UF
6
 comes into contact with the moisture in the air, 

it forms UO
2
F

2
. For waste measurements, we assume that all of 

the source material is UO
2
F

2
. The waste containers at Rokkasho 

Enrichment Plant hold three categories of waste: reduced flam-
mable, reduced resistance to flammable, and compacted incom-
bustible. Because the waste matrix is not well characterized, 
each type of waste was modeled as a different mixture of iron 
and polyethylene at a fraction of full density. We also assume the 
UO

2
F

2
 is evenly distributed throughout the matrix. The uranium 

enrichment introduces another uncertainty term in waste mea-
surements. Waste containers can contain varying enrichments, so 
the value is estimated from operational data. 

Cold traps removed from the plant contain very little source 
material, but it is important to quantify that amount. The lack 
of source material means that counting statistics may become 
a significant factor in the total measurement uncertainty. The 
chemical form of the source material also plays into the uncer-
tainty terms. Because the equipment has been removed from op-
eration, it may contain a mixture of UF

6
 and UO

2
F

2
. The INCC 

software allows the operator to choose the most likely combina-
tion (all UF

6
, half UF

6
 and half UO

2
F

2
, or all UO

2
F

2
) based on 

the history of the cold trap. 
The additional unknowns in the waste and cold trap mea-

surements combined with smaller uranium amounts mean that 
there is more uncertainty in these measurements compared to the 
cylinder measurements; however, MCNPX simulations give us a 
good understanding of how sensitive UCAS is to the uncertain 
parameters. Many of the uncertainties will also be better under-
stood after the on-site calibration. 

Characterization Measurements 
UCAS was characterized by creating response profiles along the 
axial, radial, and vertical axes of the pods. This was done experi-
mentally using a 252Cf source, which was moved along each axis 
in 10 cm increments. The measurements were then compared to 
MCNPX simulations of the same test. The results are shown in 
Figures 6, 7, and 8. Each of the plots shows measurements from a 
single pod. For the radial profile case (Figure 7), the zero-point in 
the MCNPX simulation was 6 cm from the geometric centerline, 
which is why the measurement locations are shifted. As seen in 
the plots, there is excellent agreement between the Monte Carlo 
simulations and the experimental data in all three cases. These 
validation measurements give credibility to the MCNPX-based 
characterization of UCAS. 

Container Enrichment  
[percent U-235] 

MDM [g U] MDM [g UF6] 

30B cylinder 5.00  18  27 

30B cylinder 3.50  30  44 

30B cylinder 2.00  42  62 

48Y cylinder 0.72  251  371 

48Y cylinder 0.20  476  704 

Table 3. Minimum detectable mass for 30B and 48Y cylinders.

Figure 6. UCAS axial response profile—measured vs. MCNPX  
simulation

Figure 7. UCAS radial response profile—measured vs. MCNPX 
simulation
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Conclusions 
In this paper, we have introduced a new instrument to determine 
uranium mass in UF

6
 containers assuming a known enrichment. 

UCAS was designed specifically for use at Rokkasho Enrichment 
Plant to assay 30B and 48Y cylinders, waste containers, and 
equipment removed from the plant. Two units were fabricated: 
(1) a fixed-geometry system for product, feed, and tails cylinder 
measurements on the facility’s transfer trolley and (2) a mobile 
unit for measuring other items. UCAS uses total neutron counting 
to determine uranium mass. The detection principle is based on 
the correlation between 234U and 235U in enriched uranium. 

The detector design was optimized using MCNPX simula-
tions. Each system consists of four pods, with two 

3
He tubes per 

pod. The tubes are embedded in a polyethylene moderator that 
is partially covered with cadmium. Each unit uses a JSR-15 shift 
register and INCC software. 

Modeling studies showed that the largest source of uncer-
tainty in the cylinder measurements is the distribution of UF

6
 

within the cylinder. For waste measurements, the dominant un-
certainty is the waste matrix, and for cold traps, it is the chemical 
form of the uranium. MCNPX simulations provide us with a 
good understanding of how these uncertainties affect the count 
rate. Characterization measurements made with 252Cf matched 
MCNPX simulations very well and give credibility to the Monte 
Carlo modeling studies. 

Future work for UCAS includes installation and calibration 
at Rokkasho Enrichment Plant in 2010. Because of the relatively 
high penetrability of neutrons through UF

6
 cylinders and poten-

tial for unattended mode operation, neutron methods may also 
offer an alternative (or complement) to gamma-ray methods for 
enrichment determination. Menlove, Swinhoe, and Miller are 
currently studying a technique that uses total and correlated neu-
trons as well as the cadmium ratio to simultaneously determine 
uranium enrichment and mass in UF

6
 containers.6 These types of 

advances in nondestructive assay techniques represent important 
steps in independently verifiable nuclear material accountancy for 
enrichment plant safeguards. 
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Abstract
UV-visible spectroscopy is utilized in an online fashion to directly 
measure concentration and speciation of special nuclear materials, 
such as uranium and plutonium, allowing real-time accountabil-
ity and tracking for the solvent extraction processes. The imple-
mentation of UV-visible spectroscopy for concentration measure-
ments in flowing systems has been demonstrated at labscale, and 
this initiative boasts great potential to simultaneously and directly 
monitor chemical process conditions and metal concentrations 
through an analysis of fundamental chemical speciation. By 
evaluating the impact of process conditions, such as acid concen-
tration and flow rate, on the sensitivity of the UV-visible detec-
tion system, the process-monitoring concept can progress from 
a common use of instrumentation to an advanced application 
of fundamental spectroscopy. Ultimately, the experiments con-
ducted pursuant to these objectives will quantitatively describe 
the relationship between certain UV-visible spectra and their pro-
cess conditions through the exploitation of chemical speciation. 
Understanding this relationship is complex due to the undefined 
uranyl nitrate speciation, thus groundwork tasks focused on char-
acterizing the system encompassing 0.01-1.26 M U and 0.01-8 
M HNO

3
. Results suggest dominant speciation changes from low 

(0.01 M) to high (>6 M) HNO
3
, and peak shifts in the high 

(>1 M) uranyl system similarly imply an ingrowth of uranyl ni-
trate species not present at lower uranyl concentrations. Trends in 
uranyl molar absorptivity dependence on HNO

3
 concentration 

across wavelengths provide a complimentary approach for inves-
tigating uranyl nitrate system behavior. Extended X-ray Absorp-
tion Fire Structure spectroscopy has been employed to elucidate 
uranyl nitrate speciation changes in solution, and extend nitrate 
solution studies to the plutonyl system. Density functional theo-
ry (DFT) calculations of the geometric and electronic structures 
of the lowest energy uranyl nitrate complexes indicate that the 
kinetic stability of the tetranitrato species is significantly lower 
than for other uranyl nitrate complexes, supporting experimental 
results in which the tetranitrato species is absent. Current efforts 
focus on integrating a fiber optic dip probe for UV-visible spec-
troscopy into a bank of centrifugal contactors to demonstrate the 
online process monitoring concept. Further, the sensitivity of the 
UV-visible system to nitrate and uranyl conditions, and expected 

extrapolation to
 
plutonyl conditions, confirm the acute potential 

for this method of online process monitoring.

Introduction
The outline for this project was developed for the purpose of 
utilizing UV-visible spectroscopy in a process monitoring set-
ting as to provide a method for confirming and tracking process 
chemistry. The direct application of this concept is for prolifera-
tion resistance in nuclear fuel reprocessing. Online spectrophoto-
metric measurements at Savannah River1 and fluorescence mea-
surements at the CEA2 have demonstrated the potential of this 
technique. Extensive background on the project and preliminary 
results have been presented elsewhere,3 the advancement of the 
UV-visible spectroscopic research project with the addition of 
Extended X-ray Absorption Fine Structure (EXAFS) spectros-
copy and Density Functional Theory (DFT) calculations is com-
municated here.

In addition to standard UV-visible spectroscopic analysis 
and comparison of absorption measurements, ratios of absor-
bance peaks can be utilized. The importance of the peak ratio 
comparison is that the ratio is no longer dependent on metal 
concentration in solution, therefore the ratios are a direct indica-
tion of the chemical speciation. Another benefit of this peak ratio 
method is that due to the direct relationship between changes 
in speciation and peak ratio differences, the technique can yield 
real-time feedback in process as a confirmation of chemistry or 
check for diversion.

An overarching project goal is to define a specific relation-
ship between the spectroscopy of individual components of used 
nuclear fuel and the solution chemistry under reprocessing condi-
tions. The spectroscopy of the dissolved used nuclear fuel is directly 
related to the concentrations of its components and the process 
conditions. As used fuel is predominantly uranium and solvent-
extraction-based reprocessing generally begins with used fuel dis-
solution in concentrated nitric acid,4 the uranyl nitrate system was 
chosen to begin spectroscopic studies. Understanding this relation-
ship is complex due to the undefined uranyl nitrate speciation, and 
widespread efforts in the literature have not yielded a speciation 
diagram that is largely agreed upon.5, 6 The coupling of UV-visible 
spectroscopy, EXAFS spectroscopy and DFT studies presented 
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here has expanded on previous works and allowed extensive char-
acterization of the system under consideration.

UV-visible Spectroscopy
UV-visible spectroscopic studies on the uranyl nitrate system have 
been reported elsewhere,3 and a review of the results supports the 
conclusion that UV-visible spectroscopy can be used effectively to 
discriminate changes in uranyl and nitric acid concentrations in 
the 0.01 - 1.26 M U and 0.01 - 8 M HNO

3
 system, representa-

tive of used fuel reprocessing conditions. The alterations of the 
characteristic uranyl UV-visible spectral shape7 at high nitric acid 
can be seen in Figure 1, suggesting significant speciation changes, 
and peak shifts in the high uranyl system similarly imply an in-
growth of uranyl nitrate species not present at lower uranyl con-
centrations. The presence of the differing uranyl nitrate species is 
expected to substantially affect the UV-Visible absorption spec-
tra, therefore by coupling with the additional EXAFS and DFT 
studies, UV-visible spectral variations can be attributed directly 
to specific speciation changes. Additionally, uranyl-uranyl coor-
dination may be the basis of the UV-visible spectral shifts seen at 
high uranium concentrations.

The online capability of the UV-visible system is accom-
plished by inserting a fiber optic dip probe directly into the solu-
tion under investigation, and full spectrum scans can be accom-
plished in as little as 200 ms. Due to the rapid acquisition of data 
and therefore large volume of data to be examined, in addition 

to monitoring the raw absorbance changes over time, peak ratio 
measurements can be monitored as well to provide a complimen-
tary method of process monitoring for materials accountancy.

EXAFS Spectroscopy
In an effort to elucidate the uranyl nitrate speciation, fourteen 
samples were prepared for EXAFS analysis including 0.01 M 
UO

2
(NO

3
)

2
 at 4, 6, 8, 10, 12, 14, and 16 M HNO

3
, 0.01 M 

(UO
2
)

2
(OH)

3
 pH adjusted to ~3.5, and 0.1 and 1.3 M UO

3
 at 

0.1 and 1 M HClO
4
 and 0.1 M HNO

3
. 

XAFS measurements were performed at the Advanced Pho-
ton Source (APS) at the BESSRCCAT 12 BM station at Argonne 
National Laboratory. XAFS spectra were recorded at the U-LIII 
edge (17,166 eV) in fluorescence mode at room temperature us-
ing a 13 elements germanium detector with a double crystal of Si 
[1 1 1] used as a monochromator. A zirconium foil (Zr-K edge = 
17,998 eV) was used for energy calibration. For each sample, four 
spectra were recorded in the k range [0 - 14] A-1 and averaged. 
Background contributions were removed using Athena software 
and data analysis was performed using WinXAS. The EXAFS 
spectra of uranyl nitrate solutions were k3-weighted and Fourier 
transformations carried out in the k- range [3, 13] A-1.

Fourier transform of the k3-EXAFS spectra (Figure 2) results 
suggest no change in speciation between 10 and 16 M HNO

3
 for 

0.01 M UO
2
 2+, however changes can be seen across the 4-10 M 

HNO
3
 region. Additionally, spectra indicate precipitate or col-

loid formation in the 0.01 M (UO
2
)

2
(OH)

3
 sample, therefore this 

measurement will need to be repeated at a later date.

The first peak seen in Figure 2 at R+D ~ 1.3 A is attributed 
to the U=O scattering in the UO

2
 2+unit and the second peak at 

R+D ~ 2 A is attributed to the U-O scattering from coordinated 
nitrates (equatorial oxygens). An elongation of the U-O distance 

Figure 1. UV-visible absorbance of varied U at 3 M HNO3

Figure 2. Uranyl nitrate EXAFS spectroscopy from 4-16 M HNO3
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is noted with increase of the nitric acid concentration. This phen-
emona has already been observed in uranyl nitrate complexes and 
is likely to be due to the formation of a dominant pentanitrate-
coordinated uranium followed by uranyl trinitrate species in in-
creasingly concentrated nitric acid.8 Important to note is the spec-
troscopic absence of the uranyl tetranitrato species. Most broadly, 
these U-O distance variations confirm uranyl nitrate speciation 
changes, however further analysis and comparison with literature 
values5 are necessary to yield quantitative speciation conditions.

First-principles Calculations
First-principles all-electron scalar relativistic calculations of the 
total energies and optimized geometries of uranyl complexes were 
performed using the spin-polarized density functional theory 
(DFT) as implemented in the DMol3 software.9 The exchange 
correlation energy was calculated using the generalized gradient 
approximation (GGA) with the parameterization of Perdew and 
Wang (PW91).10 Double numerical basis sets including polariza-
tion functions on allatoms (DNP) were used in the calculations. 
The DNP basis set corresponds to a double-z quality basis set 
with d-type polarization functions added to atoms heavier than 
hydrogen. The DNP basis set is comparable to 6-31G** Gaussian 
basis sets11 with a better accuracy for a similar basis set size9. One 
5f polarization function and two diffuse 6d and 7s functions were 
included in the U basis set. In the generation of the numerical 
basis sets, a global orbital cutoff of 5.9 A was used. The energy 
tolerance in the self-consistent field calculations was set to 10-6 
Hartree. Optimized geometries were obtained using the direct in-
version in a subspace method (DIIS) with an energy convergence 
tolerance of 10-5 Hartree and a gradient convergence of 2x10-3 
Hartree/A. Geometry optimization and molecular orbital analysis 
of the molecular complexes were performed at the G point. This 
computational approach was successfully used in previous studies 
of uranyl-bearing complexes.12

Optimized geometries and molecular orbital (MO) diagrams 
of the highest-lying states of the stable UO

2
 2+, UO

2
(H

2
O)

5
 2+, 

UO
2
(H

2
O)

4
(NO

3
)+, UO

2
(H

2
O)

2
(NO

3
)

2
, UO

2
(NO

3
)3-, and 

UO2(NO3)42- complexes computed using spin-polarized den-
sity functional theory (DFT) are represented in Figure 3 and Fig-
ure 4. The calculated U-O distance in UO

2
2+ is 1.72 A, in close 

agreement with previous fully relativistic results13. As shown in 
the corresponding MO diagram in Figure 3, the highest occupied 
MOs are formed predominantly from the mixing of O 2p and U 
5f orbitals (e.g., the a

2u
 HOMO of UO

2
 2+ is the result of O 2pz 

and U 5fz 3 hybridization), while the lowest unoccupied MOs 
tend to be mostly composed of U 5f electrons (e.g., U 5f

xyz
 for 

the b2u LUMO+1 and U 5f
z
(

x
2-

y
2) for b1u LUMO+2). The cal-

culated energy gap between frontier orbitals is 1.84 eV for UO
2

2+. 
As depicted in Figure 4, the equilibrium structure of the pure 

hydrate complex adopts the C
2
 point-group symmetry, while the 

stable mono-, di-, tri-, and tetranitrato conformers possess C
1
, 

C
2h

, D
3h

, and C
2h

 symmetries, respectively. The calculated axial 
U-O distances are 1.77 A in UO

2
(H

2
O)

5
2+, and 1.79-1.80 A in 

the uranyl nitrate complexes, thus only a modest elongation of 
the axial U-O bond occurs upon complexation of uranyl in nitric 
acid. The calculated equatorial U-OH

2
 distances are 2.48-2.52 A 

in UO
2
(H

2
O)

5 2+
, 2.56-2.64 A in UO

2
(H

2
O)

4
(NO

3
)+, and 2.61 

A in UO
2
(H

2
O)

2
(NO

3
)

2
, and the equatorial U-ON distances are 

2.44 A in UO
2
(H

2
O)

4
(NO

3
)+, 2.50 A in UO

2
(H

2
O)

2
(NO

3
)

2
, 2.51 

A in UO
2
(NO

3
)

3-
, and 2.45 A (h1-coordinated nitrate ligand) 

and 2.60 A (h2-coordinated nitrate ligand) in UO
2
(NO

3
)

4
2-. 

With the exception of the tetranitrato complex where both h1- 
and h2-binding modes are present, the lowest-energy structures 
of U(VI) nitrato complexes tend to favor the h2 coordination 
for the nitrato chelating ligands. This result is consistent with 
previous DFT calculations performed at the GGA/B3LYP level 
of theory with the use of effective core potentials (ECP).8

The kinetic stability and chemical hardness of these stable 
structures of uranyl(VI) nitrate complexes have also been assessed 
in terms of energy separation between the highest occupied and 
the lowest unoccupied molecular orbitals (HOMO-LUMO en-
ergy gap), a larger energy gap translating in an increased stability 
of the molecular complex. The calculated HOMO-LUMO gaps 
are: 2.68 eV for UO

2
(H

2
O)

5
 2+, 2.00 eV for UO

2
(H

2
O)

4
(NO

3
)+, 

2.22 eV for UO
2
(H

2
O)

2
(NO

3
)

2
, 2.33 eV for UO

2
(NO

3
)

3
 -, and 

1.31 eV UO
2
(NO

3
)

4
 2-. Therefore, UO

2
(H

2
O)

5
2+ is expected to 

be the most stable complex, while nitrate complexes are found 
to increase their stability by successive addition of one to three 
NO

3
 ligands. Consistent with the experimental findings re-

ported in this study—which do not show a spectral signature 
of UO

2
(NO

3
)

4
 2- at room temperature—and previous ab initio 

Car-Parrinello molecular dynamics studies,14 the UO
2
(NO

3
)

4
2- is 

predicted to be the least stable uranyl nitrate complex.

Figure 3. Molecular orbital (MO) diagram of the highest-lying states of 
UO2

2+ calculated at the GGA/PW91 level of theory (left), with their 
corresponding graphical representation (right). 
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Conclusion
Online, real-time monitoring is desirable for process control and 
materials accountability, however previous attempts at this goal 
have yielded unacceptable detection limits or do not truly provide 
real-time results. UV-visible spectroscopy is uniquely suited to 
the application of process monitoring because of its very short 
measurement time and rapid data output, and additionally it is 
suited specifically for used fuel reprocessing monitoring because 
of its sensitivity to the uranyl nitrate speciation. Groundwork ef-
forts focused on characterizing the uranyl nitrate system encom-
passing 0.01-1.26 M U and 0.01-8 M HNO

3
 by UV-visible spec-

troscopy, EXAFS and DFT calculations. UV-visible spectroscopic 
results indicate dominant speciation changes from low (0.01 M) 
to high (>6 M) HNO

3
, and peak shifts in the high (>1 M) uranyl 

system similarly imply an ingrowth of uranyl nitrate species not 
present at lower uranyl concentrations. The addition of EXAFS 
spectroscopy and DFT calculations build on the UV-visible spec-
troscopic studies, and show that due to its instability, the uranyl 
tetranitrato species is absent in solution. Analyses continue on 
spectral data and theoretical calculations as to further define the 
uranyl nitrate speciation under used fuel reprocessing conditions 
of 4-6 M HNO

3
 and approximately 1.3 M U.

Overall, it is shown that solution conditions can be inves-
tigated via UV-visible spectroscopy in a manner which provides 

real-time monitoring of uranyl nitrate speciation changes. Ulti-
mately, these experiments will allow a quantitative description 
of the relationship between certain UV-visible spectra and the 
process conditions under consideration. Future work includes an 
expansion from the pure uranyl nitrate system to one that in-
cludes plutonium, lanthanides and fission products, in an effort 
to better reflect real used fuel reprocessing conditions. Individual 
studies and then step-wise addition of these metals will allow 
spectroscopic changes to be attributed to specific metals. Towards 
this end, UV-visible spectroscopy and EXAFS spectroscopy stud-
ies are currently underway on the plutonium nitrate system.
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Abstract 
The behavior of melter feed (a mixture of nuclear waste and glass-
forming additives) during waste-glass processing has a significant 
impact on the rate of the vitrification process. We studied the 
effects of silica particle size and sucrose addition on the volumet-
ric expansion (foaming) of a high-alumina feed and the rate of 
dissolution of silica particles in feed samples heated at 5°C/min 
up to 1,200°C. The initial size of quartz particles in feed ranged 
from 5 to 195 mm. The fraction of the sucrose added ranged from 
0 to 0.20 g per g glass. Extensive foaming occurred only in feeds 
with 5-mm quartz particles; particles ≥150 mm formed clusters. 
Particles of 5 mm completely dissolved by 900°C whereas par-
ticles ≥150 mm did not fully dissolve even when the temperature 
reached 1,200°C. Sucrose addition had virtually zero impact on 
both foaming and the dissolution of silica particles. 

Introduction 
More than 100 sites in the United States are currently tasked with 
the storage of nuclear waste. The largest is the Hanford Site lo-
cated in southeastern Washington State with 177 subterranean 
tanks containing over fifty-million gallons of nuclear waste from 
plutonium production from 1944 through 1987.1 This waste 
will be vitrified at the Hanford Tank Waste Treatment and Im-
mobilization Plant. In the vitrification process, feed is charged 
into a melter and converted into glass to be ultimately stored in 
a permanent repository. The duration of waste-site cleanups by 
the vitrification process depends on the rate of melting, i.e., on 
the rate of the feed-to-glass conversion. Foaming associated with 
the melting process and the rate of dissolution of quartz particles 
(silica being the major glass-forming additive) are assumed to be 
important factors that influence the rate of melting. 

Previous studies on foaming of high-alumina feed demon-
strated that varying the makeup of a melter feed has a signifi-
cant impact on foaming.2 The volume of feeds that contained 
5-mm quartz particles substantially increased because of foaming. 
The extent of foaming decreased as the particle size of quartz 
increased.2 Moreover, samples containing quartz particles 195 
mm formed agglomerates at temperatures above 900°C that only 
slowly dissolved in the melt.3 

This study continues previous work on the feed-melting pro-

cess,3 specifically on the effects of the size of silica particles on the 
formation of nuclear-waste glasses to determine a suitable range 
of silica particle sizes that causes neither excessive foaming nor 
undesirable agglomeration. Apart from varying the silica-particle 
size, carbon was added in the form of sucrose. Sucrose has been 
used to accelerate the rate of melting.4 In this study, we have ob-
served its impact on feed foaming and quartz dissolution. 

Experimental 
Table 1 lists the compositions of the three feeds tested. The base-
line feed, A0, was formulated for high-alumina waste.2 It contains 
hydroxides, nitrates, and carbonates. The other two feeds were 
modified by using glass-forming additives in the form of nitrate 
salts. In the A0-AN1 feed, the content of carbonates is limited 
to that coming from the waste. No carbonate is present in the 
A0-AN2 feed. 

Quartz was crushed and sieved to obtain various particle 
sizes. Figure 1 presents four quartz particle sizes used for testing. 
The A0 feeds were tested with 5-, 75-, and 195-mm particles of 
quartz. The A0-AN1 feeds were tested with silica particles of 5-, 
45-, 75-, 150-, and 195-mm and with an addition of 0.16 g of su-
crose per 1 g of glass. All A0-AN2 feeds contained 75-mm quartz 
and had varying sucrose additions of 0.08, 0.12, 0.16, and 0.20 g 
per g of glass. The particle sizes and the sucrose masses are listed 
in Table 2. Feeds containing sucrose are labeled by the carbon-
nitrogen atomic ratio in the feed. Feed slurries were wet-mixed in 
5-l beakers, stirred with heat until solid, and dried in an oven set 
to 105°C overnight. 

Cylindrical pellets 1.25 cm wide and 0.5 cm tall prepared 
from 1.50-g feed samples were pressed at ~7 MPa and ramp heat-
ed at 5°C/min from room temperature to 1,000°C. Images of 
the pellet profile were captured through a window in the furnace 
wall. These images were analyzed on Adobe Photoshop PS3 to 
obtain the pellet profile as a function of temperature. 

For heat treatments, 10-g samples were added to platinum-
rhodium boxes, weighed, and ramp heated at 5°C/min in a fur-
nace. Samples were removed at 100-degree intervals from 400°C 
to 1,200°C. After cooling, heat-treated samples were removed 
from the crucibles and divided for optical micrographs and X-ray 
diffractometry (XRD). Thin sections for optical microscopy could 
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only be prepared with fused samples, which typically formed at 
temperatures exceeding 700°C. For examination by XRD, sam-
ples were mixed with 5 mass percent of CaF2 as an internal stan-
dard and crushed in a tungsten-carbide mill. Figure 2 shows a se-
ries of XRD scans from the 45-mm A0-AN1 feed to demonstrate 
the changes taking place in samples as a function of temperature. 
XRD scans were analyzed for content of crystalline phases by the 
programs JADE 6 and RIQAS 7. The pink peaks (A) belong to 
the internal standard. The content of quartz (B) decreases rapidly 
after 800°C. Spinel (C) is present even at 1,200°C. Sodalite (the 
blue peaks, D) dissolved at <1,100°C. 

The relative fraction of undissolved quartz, s, determined 

from XRD analysis was calculated as s = xs/xs0, where xs is the 
fraction of solid silica per mass of glass, and xs0 is the total silica 
fraction. The ad hoc arctangent function, 

     

(1)

was fitted to data to guide the eye,3 where s-∞, s+∞, T1, and T0 
are constant parameters. 

Results 
Figure 3 shows photographs of expanding pellets of A0-AN1 
and A0-AN2 feeds. Note the 1-cm segment of Pt wire used as 
a size gauge.

Figure 4A displays foaming curves for feeds with vary-
ing quartz particle sizes (as obtained from averaging two trials 
with A0-AN1 pellets). Solid lines represent A0 feeds and broken 
lines the A0-AN1 feeds. Feeds with 5-mm quartz continuously 
expanded to foam, the A0 feed from 700°C to 900°C and the 
A0-AN1 feed from 800°C to 850°C. The foam collapsed as the 
temperature increased. Both A0 and A0-AN1 feeds with 75-mm 
quartz initially shrank from 700°C to 800°C, then expanded to 
approximately the initial profile area at 900°C, and finally col-
lapsed by 1000°C. The A0 feed with 195-mm quartz shrank rap-
idly after 800°C, reaching a minimum profile area at 850°C. In 
A0-AN1, the use of 195-mm quartz particles resulted in gradual 
pellet shrinking from 700°C to 800°C followed by rapid shrink-
ing until a minimum was reached at 875°C. 

Expansion resulting from trapped gases as a result of feed 
reactions is often referred to as primary foaming, whereas sec-
ondary foaming is caused by gases from redox reactions.5 Unlike 

A0 A0-AN 1 A0-AN 2

Al(OH)3 367.49 367.49 367.49 

Bi(OH)3 12.80 12.80 12.80 

Ca(NO3)2· 4H2O 0.00 210.56 210.56 

CaO 60.79 10.79 10.79 

Fe(H2PO2)3 12.42 12.42 12.42 

Fe(OH)3 73.82 73.82 73.82 

H3BO3 269.83 269.83 269.83 

KNO3 3.04 3.04 3.04 

Li2CO3 88.30 4.22 0.00 

LiNO3 0.00 156.90 164.78 

Mg(OH)2 1.69 1.69 1.69 

Na2C2O4 0.00 1.26 1.26 

Na2C2O4· 3H2O 1.76 0.00 0.00 

Na2CrO4 11.13 11.13 11.13 

Na2SO4 3.55 3.55 3.55 

NaF 14.78 14.78 14.78 

NaNO2 3.37 3.37 3.37 

NaNO3 0.00 112.97 112.97 

NaOH 99.41 46.30 46.30 

Ni(NO3)2· 6H2O 0.00 0.00 15.58 

NiCO3 6.36 6.36 0.00 

Pb(NO3)2 6.08 6.08 6.08 

SiO2 305.05 305.05 305.05 

Zn(NO3)2· 4H2O 2.67 2.67 2.67 

Zr(OH)4· xH2O 5.49 5.49 5.49 

Total 1349.82 1642.55 1655.43

Feed ID(a) Sucrose 
Per 1 kg Glass, g

Quartz 
Particle Size, mm

A0-5 0.00 5 

A0-75 0.00 75 

A0-195 0.00 195 

A0 AN1-5 (1.00) 157.58 5 

A0 AN1-45 (1.00) 157.58 45 

A0 AN1-75 (1.00) 157.58 75 

A0 AN1-150 (1.00) 157.58 150 

A0 AN1-195 (1.00) 157.58 195 

A0 AN2-75 (0.00) 0.00 75 

A0 AN2-75 (0.50) 81.41 75 

A0 AN2-75 (0.75) 122.39 75 

A0 AN2-75 (1.00) 163.36 75 

A0 AN2-75 (1.25) 204.33 75

Table 1. Feed compositions in g per 1 kg of glass Table 2. Feed variables

(a) Feed type-Particle size in mm (carbon-to-nitrogen molar ratio)

Figure 1. Microscopic images of quartz particles from left to right: 5, 
75, 150, and 195 mm

A B C D
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feeds with 5-mm quartz, feeds with larger quartz particles did not 
exhibit primary foaming because a high-viscosity melt formed 
only after reaction gases evolved. Secondary foaming occurred at 
temperatures >800°C. Figure 4B shows that foaming in A0-AN2 
feeds was not significantly affected by the carbon content.

Figure 5A presents the dissolution of silica in A0 feed (solid 
points and lines) and A0-AN1 feeds (open points and dashed 
lines). The lines were fitted using Equation 1. Quartz particles in 
A0-AN1 feeds reached the same extent of dissolution as A0 feeds 
at temperatures up to 100°C higher. The quartz particles ≤75 mm 
fully dissolved below 1,100°C. The fraction of dissolving quartz 
particles in A0-AN2 feeds is shown in Figure 5B. The sucrose ad-
dition was the only variable and had no noticeable effect on the 
dissolution of quartz. Therefore, a single line was fitted to data. 
Table 3 lists the dissolution coefficients defined by Equation 1.

 Figure 6 shows optical micrographs of feeds. At 900°C, 
feeds with quartz ≤75 mm formed a connected glass melt that 
trapped gases and formed cavities as wide as 5 mm on the sample 

bottom. The motion of the bubbles as they escaped at high tem-
peratures homogenized the melt. Feeds containing particles >75 
mm appeared uniform at temperatures < 900°C with quartz even-
ly dispersed throughout the sample (particles appear as dark spots 
on samples in first row). At higher temperatures, the dissolution 
of these large particles formed dark regions of high-viscosity silica 
melt. Bubbles isolated in this region coalesced and eventually 
forced particles into large clusters. These clusters survived beyond 
1,200°C. 

Discussion 
Both primary and secondary foaming may insulate feed from ex-
ternal heat by reducing the rate of heat transfer and thus may 
reduce the rate of melting in a large-scale melter.2,5 

Volume expansion results and quartz dissolution data have 
demonstrated that foaming is primarily influenced by the frac-
tion of silica dissolved. Noticeable foaming occurred when the 

Figure 2. X-ray diffraction patterns of A0-AN1 45 (1.00) from 800°C 
(1) to 1,200°C (5)

Figure 3. Photographic images of A0-AN1 feeds with 5-, 75-, and 195-–m 
quartz particles and A0-AN2 feed with 75-–m quartz particles 

Figure 4. The effect of quartz-particle size on pellet expansion in A0 and A0-AN1 feeds (A) and the effect of sucrose addition on pellet  
expansion in A0-AN2 (B)
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fraction of solid quartz was reduced below 0.2 before 800°C 
(see Figures 4A and 5A). The use of fast-reacting 5-mm quartz 
particles, or “silica flour,” resulted in a large volumetric expan-
sion of samples at 900°C (Figures 3 and 4A). As Figure 5A il-
lustrates, small particles completely dissolved by 1,000°C and, as 
seen in Figure 6, the melt appears homogeneous at temperatures 
>1,000°C. 

Feeds with ≥75-mm quartz particles produce little primary 
foam and produced a limited amount of secondary foam (Figure 
4). Silica particles remained still undissolved at 1,000°C, and a 
high-viscosity melt surrounded the dissolving particles within the 
diffusion layers,3 while bubbles escaped through a low-viscosity 
bulk melt (Figure 6). However, inhomogeneities from the clus-
tering of large particles may persist and, if not dispersed in the 
melter, may affect the glass corrosion resistance. 

Since the sugar addition has little effect on both the dissolu-
tion of silica and foaming, no effects of sucrose addition on the 

Figure 5. The effect of particle size on the dissolution of quartz in A0 and A0-AN1 feeds (A) and the effect of sucrose addition on the  
dissolution of quartz in A0-AN2 (B)

Table 3. Dissolution coefficients(a)

(a) Dissolution coefficients are defined by Equation (1).

Composition A0-AN1 A0-AN2 A0

Quartz particle size, —m   5  45  75  150  195   75   5  75  95

Sucrose addition, g per 1 kg of glass 157 163 0.000

s+∞
s-∞
T1
T0

  -0.033  -0.051  -0.071  -0.060   -0.037
  0.866  0.971  1.026  1.071  1.051
  49  60 76 86  89
  698  763  798  891  951

   -0.052
  0.952
  64
  778

  -0.020  -0.056  -0.015
  0.788  1.031  1.103
  23   64   89
  613  756  845

Figure 6. Optical microscopy of A0-AN1 feeds containing (from left to 
right) 5-, 75-, 150-, and 195-mm quartz particles
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rate of melting are expected beyond the melt-accelerating impact 
of the exothermic reaction of sucrose with nitrates. 

Comparing the behavior of the baseline feed and the nitrate-
modified feeds indicates that nitrate salts somewhat hinder the 
dissolution of quartz particles and reduce foaming. Further inves-
tigation is needed to ascertain the mechanism behind this trend. 

Conclusions 
Feeds with 5-mm quartz particles produced excessive foaming. 
Particles of ≥150 mm in size formed slowly dissolving clusters. 
Particle sizes of 45 to 75 mm appear to be optimum for process-
ing. Adding sucrose to feeds containing nitrate (known to accel-
erate melting) has no adverse effect on foaming or quartz dissolu-
tion. Quartz dissolved somewhat faster in feeds containing both 
carbonates and nitrates than in fully nitrated feeds. 
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Book Review

Book Review
by Walter Kane

Apocalypse Never
Forging the Path to a Nuclear 
Weapon-Free World
Author: Tad Daley
ISBN: 978-0-8135-4661-2

The core mission of our profession is to 
minimize the risk of nuclear proliferation 
and its inevitable consequences.  Accord-
ingly, Tad Daley’s new work Apocalypse 
Never should be of considerable interest to 
our community.  The principal ideas are:
•	 The	 enormous	 destructive	 power	 of	

nuclear weapons and the risk of their 
use.

•	 The	evolution	of	conventional	weapons	
that has rendered nuclear weapons 
unnecessary.

•	 It	is	necessary,	and	possible,	to	create	
international entities that can pro-
mote and monitor nuclear disarma-
ment.

•	 It	will	be	necessary	to	create	a	popular	
movement here and in other coun-
tries to give the necessary impetus for 
this process to take place.

The first chapter discusses what is 
already well known to thinking individu-
als—the enormous destructive power of 
nuclear weapons—the Mike Device, the 
first hydrogen bomb, had an explosive 
yield nearly 1,000 times greater than those 
that devastated Hiroshima and Nagasaki—
and there are thousands of these devices in 
the arsenals of the nuclear weapons states.  
Later chapters discuss what is less well 
known, the occasions when the sound 
judgment of one or a few individuals pre-
vented the mutual annihilation of the citi-
zens of Russia and the United States, not 
only during the Cuban missile crisis but 
on other occasions when, according to the 
“launch on warning” policy, if a fleet of 
incoming missiles was detected, a retalia-
tory strike would be launched before the 

enemy missiles reached their target.  On 
several occasions, both in Russia and the 
United States, computer malfunctions or 
the misinterpretation of radar signals led 
to false alarms, and it was only the com-
mon sense of individuals that prevented 
total disaster.  This policy was totally un-
necessary, since both sides had nuclear 
missile submarines that are essentially in-
vulnerable.

The next thesis is also crucial—that 
the power, accuracy, and number of our 
conventional weapons today render nucle-
ar warheads totally unnecessary.  Nuclear 
weapons are thus unnecessary for self-de-
fense by the United States or other major 
powers.

Given that nuclear weapons are both 
dangerous and unnecessary, we arrive at 
the question of how they should be elimi-
nated universally.  The existing Nuclear 
Nonproliferation Treat (NPT) is a step 
in this direction but it goes only part of 
the way.  The NPT creates a two-tier sys-
tem of weapon and non-weapon states, 
with duties for each group.  The weapon 

states agree not to attack a non-weapon 
state with nuclear devices and to eventu-
ally eliminate their weapons (no party to 
the treaty has done this but several coun-
tries, including South Africa and Libya, 
have cancelled their weapons programs) 
while the non-weapon states agree not 
to acquire weapons.  What is needed is 
a treaty binding on every state requiring 
the total elimination of weapons stock-
piles, with totally intrusive inspection and 
enforcement provisions. Along with this 
treaty there should be a strong universal 
collective security system that will con-
vince individual governments that they do 
not require nuclear arms for self-defense.  
In addition there must be provision for 
proper monitoring of fuel cycle facilities 
including enrichment, fuel fabrication, 
and reprocessing plants. Former IAEA Di-
rector General Mohamed el-Baradei has 
proposed that all these facilities be placed 
under an international agency with appro-
priate safeguards and security in place.

The question remains concerning the 
appropriate paths to this regime.  There 
are already precedents in the arms control 
regime—the START and Intermediate-
Range Nuclear Forces treaties and the 
Chemical Weapons and Biological Weap-
ons Conventions, for example.  The au-
thor proposes that Article 8 of the NPT, 
which provides for a conference with the 
aim of extending the treaty, and Article 
109 of the UN Charter would be appro-
priate pathways. Clearly the final agree-
ment must be veto-proof.

Finally, there must be strong popular 
support for this undertaking.  There are 
many precedents in the United States in this 
area—the abolition of slavery, women’s suf-
frage, and the Civil Rights Movement are 
examples.  The public should understand 
that in reality, “their lives may depend on 
it.”  It is very important here to enlist the 
idealism and energy of young people, and 
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create a strong popular movement.
While the principal ideas put forth 

in Apocalypse Never should have consider-
able utility in addressing what has been an 
extremely dangerous situation for the past 
sixty-five years, in the last chapters the au-
thor digresses into areas that do not con-
tribute further to that goal.  For example, 
he is justifiably proud of his father’s ser-
vice in flying B-29s over Japan.  Accord-
ingly, the author asserts that these raids 
were about to bring about the surrender 
of Japan, and thus U.S. President Harry 

Truman’s decision to end the conflict with 
the use of nuclear weapons was unneces-
sary.  At the end of 1944 German cities 
and industrial base were in ruins after 
years of bombing raids, but the Germans 
were able to launch a massive ground at-
tack in the Ardennes, which, by the time 
it was beaten back, led to the greatest en-
gagement ever fought by the U.S. Army.  
In the Okinawa campaign U.S. forces 
suffered terrible casualties (including two 
general officers) and the Japanese military 
and civilians even more.  There was no 

indication at this time of an imminent 
surrender, and Okinawa gave a clear pre-
diction of the enormous human cost of 
an invasion.  At that time this reviewer, 
a very young soldier and recent graduate 
of an infantry replacement training center, 
was in a training program whose purpose 
was clearly to provide several hundred 
thousand fillers for the divisions taking 
part in the invasion. If Truman had made 
that choice it is unlikely that your reviewer 
would be here penning these words.
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Industry News

In this issue of the JNMM we introduce a 
new format to the Industry News column 
that examines the global nuclear security 
environment in the context of INMM’s 
evolving mission, and extrapolates on cur-
rent events that would impact future paths 
for the Institute. This new format was sug-
gested by JNMM Technical Editor Den-
nis Mangan, who saw the value of future 
visioning, driven in part by the efforts of 
Ken Sorenson and the INMM Organiza-
tional Strategic Planning Working Group1 
(OSPWG) to perform an “Externalities 
Analysis” this past year as they examined 
the adequacy of the Institute’s organiza-
tional structure and made recommenda-
tions to improve its effectiveness. 

In this column we hope to further 
stimulate strategic discussions on ex-
ternalities among INMM members, 
and to raise the awareness of members 
to the outside events that influence the 
work of the Institute, encouraging them 
to “connect the dots” and take a “long 
view” of the future. This future vision-
ing exercise will also provide the leader-
ship and members of the Institute insight 
into where their own efforts might best 
be invested, and should help the Institute 
itself continue its long history of contrib-
uting to making the world a safer place. 
This process also has the potential to help 
leadership and members feel more com-
fortable about decisions they may make 
in an uncertain future because they have 
rehearsed the “what ifs” enough to be 
able to make intelligent decisions when 
dramatic events occur that portend glob-
al change or danger. 

Where Do We Start?
The Externalities Analysis that was per-
formed by the OSPWG examined a wide 
range of external influences impacting the 
Institute’s strategic environment, including 

International Activities (UN/IAEA); Inter-
governmental and International Non-Gov-
ernmental Activities; International Regional 
Activities; and U.S. Activities. The result 
of this several-month analysis was sum-
marized into the following set of observa-
tions that were presented to the INMM 
Executive Committee in December 2009, 
and subsequently included in the briefings 
to the Sunday Technical Division meet-
ings at the INMM 51st Annual Meeting 
to provide a backdrop for recommended 
organizational changes:

Externalities Analysis—Observations
•		 The	concern	over	nuclear	materials	

management is global.
•		 There	is	a	strong	emphasis	on	treaty	

ratification and verification.
•		 There	is	strong	U.S.	engagement	to	

minimize proliferation risk while 
encouraging commercial expansion 
of nuclear power.

•		 There	are	four	major	forces	driv-
ing the future of nuclear materials 
management:

 –   Concern over terrorism since 9/11
 –   Dramatic reduction in the 

nuclear weapons stockpile
 –   Concern over a growing num-

ber of potential nuclear-weap-
ons-capable countries acquiring 
nuclear materials/capabilities

 –   Dramatic increase in commercial 
nuclear fuel cycle development

•		 The	current	INMM	technical	divi-
sions seem to address the majority of 
these externalities.

•		 However,	changes	are	recommended	
to strengthen the overall technical 
division portfolio in light of these 
externalities, particularly as they 
relate to the commercial fuel cycle.

Understanding the complex environ-
ment of the twenty-first century is the first 

step by the Institute to take command of 
its own destiny during a period of great 
uncertainty; and as the new organization-
al structure proposed by the OSPWG is 
implemented there will be an on-going 
effort to monitor these externalities to 
ensure that the changes are effective and 
appropriate.

We are Indeed in Historic Times
The dramatic events of the new millen-
nium, driven by the nightmare of Septem-
ber 11, 2001, and reaching a crescendo 
today with the current threats of nuclear 
terrorism and the proliferation of nuclear 
weapon technologies, bookmark the fact 
that we live in historic times. It is easy 
to respond to the question today: “What 
keeps you awake at night?”  

These events in the first decade have 
set the stage for the significant national 
security policy changes proposed by Pres-
ident Obama, including proposed dra-
matic reductions of the world’s nuclear 
stockpiles, less reliance on nuclear deter-
rence as an element of the U.S. national 
security strategy, and sharing nuclear 
technologies for peaceful uses. Supported 
internationally by many countries and 
organizations, these new policies portend 
a much different path for humanity in 
the twenty-first century than many envi-
sioned. The orchestration of the Obama 
administration’s nuclear policy will un-
doubtedly be looked back upon by his-
torians as a model for using the influence 
of the U.S. presidency to change the fu-
ture path for the world. The message has 
been clear since the president’s historic 
speech in Prague on April 5, 2009: this 
presidency will mark a turning point in 
human history for weapons of mass de-
struction. A mapping of the administra-
tion’s national security timeline2 reveals 
the consistency of the message and the 
resolve of this president to that goal:

Taking the Long View in a Time of Great Uncertainty
By Jack Jekowski 
Industry News Editor
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•		 January	20,	2009	–	President	
Obama sworn in as the 44th  
president of the United States

•		 April	5,	2009	–	The	historic	speech	
in Prague outlining the president’s 
nuclear weapons agenda

•		 September	24,	2009	–	President	
Obama chairs the U.N. Security 
Council – UNSC Resolution 1887 
approved – aligned with the presi-
dent’s nuclear weapons agenda.

•		 December	10,	2009	–	President	
Obama receives the Nobel Peace 
Prize for his efforts to begin moving 
to a world without nuclear weap-
ons.3

•		 December	17,	2009	–	U.S.	signs	a	
“123” agreement with the United 
Arab Emirates to share nuclear reac-
tor technologies.

•		 February	1,	2010	–	Release	of	
the Quadrennial Defense Review 
(QDR), reducing the U.S. reliance 
on the nuclear stockpile.

•		 April	6,	2010	–	Release	of	the	Nu-
clear Posture Review (NPR), further 
detailing the goal of reducing the U.S. 
reliance on the nuclear stockpile.

•		 April	8,	2010	–	START	Treaty	
signed in Prague—almost one year 
since the date of the historic speech 
on nuclear policy—taking U.S. and 
Russian stockpiles to lower levels

•		 April	12-13,	2010	–	President	
Obama’s International Nuclear 
Security Summit—issuance of a 
communiqué that reinforces the core 
message of the president’s nuclear 
weapons agenda

•		 May	3-28,	2010	–	Nuclear	Non-
proliferation Treaty (NPT) Review 
Conference—reinforcing many of 
the president’s international objec-
tives for reducing nuclear weapons 
stockpiles in a consensus document.

•		 May	27,	2010	–	Release	of	the	U.S.	
National Security Strategy (NSS)—
reinforcing the goal of a world 
without nuclear weapons, emphasiz-
ing that our national strategy “must 
take a long view,” and creating the 
imperative for a new “international 

order.”
Some believe these historic events 

will provide new hope for global harmony 
as more and more world leaders align with 
the president’s objective to create a new 
“international order.”4  Others grow more 
and more concerned the world will be 
thrown back to a pre-nuclear era of global 
warfare, costing millions of lives. We can-
not predict what the future will be, but 
through the power of strategic discussions 
we have an opportunity to “connect the 
dots” and peer into the future along dif-
ferent paths, speculating on “what might 
be.” By spending quality time in strate-
gic discussions to examine these future 
worlds, we can then develop the actions 
that will allow us to adapt to, or, perhaps, 
even change that future.

Further Reductions in Nuclear  
Stockpiles
There is much discussion, now that we 
have started down this road, about further 
unilateral reductions to the U.S. nuclear 
stockpile. In the spring 2010 issue of Stra-
tegic Studies Quarterly (Vol. 4, No. 1),5  an 
article titled “Remembrance of Things 
Past: The Enduring Value of Nuclear 
Weapons” speculates on the reduction 
of the stockpile to 311 weapons while 
still providing adequate deterrence for all 
known nation-state threats. To achieve 
such dramatic levels of reduction, as some 
suggest by 2025,6 will require the U.S. 
National Nuclear Security Administration 
to make a significant mission re-alignment 
to address current resource limitations (for 
example the dismantlement and storage 
capacity at Pantex and the transportation 
capacity of the U.S. Secure Transportation 
Asset, the Office of Secure Transportation.

The Key to Making It All Work— 
Nuclear Forensics?
As deterrence strategies change for nation 
states in this new world, perhaps leading 
to further reductions in nuclear stockpiles, 
and even multilateral nuclear arms control 
treaties, the world’s attention must turn 
to how the world deals with non-state or 
rogue state threats. Much has been written 

in the past few years about nuclear foren-
sics, a technical term applied to “the ex-
amination and evaluation of discovered or 
seized nuclear materials and devices or, in 
cases of nuclear explosions or radiological 
dispersals, of detonation signals, and post-
detonation debris.”7 The ability to con-
duct nuclear forensics is critical to deter-
ring, limiting, and responding to nuclear 
terrorism. 

Where Do We Go from Here?
There are many questions to be asked as 
we travel this uncertain path to the future:
•	 How	will	the	world	deal	with	the	

untenable situations in Iran and 
DPRK?

•	 What	happens	if	other	nation-states	
similarly pursue nuclear weapons?

•	 How	are	other	nations	responding	
to President Obama’s global nuclear 
initiatives—what impact will those 
responses have on the INMM?

•	 What	will	be	the	worldwide	response	
to the first terrorist nuclear event 
(either nuclear or dispersal)?

•	 Can	nuclear	forensics	provide	the	de-
terrence needed to prevent terrorist 
attacks?

•	 Will	unilateral	reductions	in	the	
U.S. stockpile influence the decision 
of other nuclear weapons states to 
further reduce their own stockpiles?

•	 What	is	the	evolving	role	of	the	
United Nations and the Interna-
tional Atomic Energy Agency in the 
new “international order” proposed 
by President Barack Obama?

•	 What	scientific,	technological,	and	
policy innovations can INMM 
promote to make the world a safer 
place?

We encourage JNMM readers to ac-
tively participate in these strategic discus-
sions, and to provide your thoughts and 
ideas to the Institute’s leadership. With 
your feedback we hope to explore these 
and other questions in future columns, 
addressing the critical uncertainties that 
lie ahead for the world and the possible 
paths to the future based on those un-
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certainties. The important question to 
be asked of the Institute: “What should 
INMM’s role be in a world defined by the 
new ‘international order,’ and how should 
we be preparing today to fill that role in 
the future?” 

Jack Jekowski is a principal partner 
with Innovative Technology Partnerships, 
LLC (ITP), a national security consulting 
and services company that provides support 
to the U. S. Department of Energy, the U.S. 
National Nuclear Security Administration, 
the national laboratories and other federal 
and commercial customers. Jekowski has 
had a forty-five-year career in the Nuclear 
Security Enterprise (NSE), starting with 
“Doc” Edgerton of EG&G, Inc. as a co-
op student in 1965, and continuing today 
in his work with ITP. His specialty area is 
scenario planning, a strategic planning tool 
that has been more widely used in the federal 
government since the tragic events of Sep-
tember 11, 2001. Jekowski studied the art 
of scenario planning from the “Master”—
Peter Schwartz of Global Business Network 
(http://www.gbn.com). Schwartz’ epic work 
“The Art of the Long View,” is the seed for 
this column—developing the insight and 
perspectives to take a long view of the future 
even when faced with great uncertainties by 
“connecting the dots.” Jekowski assisted the 
INMM Organizational Strategic Planning 
Working Group as they worked during the 
past year to examine the adequacy of the cur-
rent organizational structure of the Institute 
by enriching the data set used to interpret the 
dramatic events in today’s world and where 
they might lead. 

End Notes
1.  The OSPWG membership in-

cluded: Ken Sorenson (chair), Obie 
Amacker, Jeff Jay, Ed Johnson, Jim 
Larrimore, Teressa McKinney, and 
Steve Ortiz, as well as many other 
members of the Institute who con-
tributed to the effort in various ways.

2.  See http://www.itpnm.com/whats-
new-archives/criticialuncertainty-
timelinegeneric8-31-10.pdf for a 
visual depiction of the national secu-
rity timeline of the Obama adminis-
tration and critical uncertainties that 
lie ahead.

3.  “The Norwegian Nobel Commit-
tee has decided that the Nobel Peace 
Prize for 2009 is to be awarded to 
President Barack Obama for his 
extraordinary efforts to strengthen 
international diplomacy and coopera-
tion between peoples. The Commit-
tee has attached special importance 
to Obama’s vision of and work for 
a world without nuclear weapons.” 
http://nobelprize.org/nobel_prizes/
peace/laureates/2009/press.html 

4.  Speech by President Obama to the 
commencement of the U.S. Mili-
tary Academy at West Point, May 
22, 2010: “So we have to shape an 
international order that can meet the 
challenges of our generation...The 
international order we seek is one 
that can resolve the challenges of our 
time...” quoting excerpts from the 
National Security Strategy that was 
released the following week. 

5.  See http://www.au.af.mil/au/
ssq/2010/spring/spring10.pdf  
This article was authored by James 
Wood Forsyth Jr., a professor at 
the USAF School of Advanced Air 
and Space Studies; Col. B. Chance 
Saltzman, chief, Strategic Plans and 
Policy Division, USAF HQ; and 
Gary Schaub, an assistant profes-
sor at the Air War College. A video 
report on the article was aired on 
CNN’s  Fareed Zakari at’s Sun-
day News program,  Global Public 
Square (GPS) August 29, 2010—see 
http://www.cnn.com/video/#/video/
us/2010/08/29/gps.what.world.
nuclear.cnn

6.  Eliminating Nuclear Threats: A 
Practical Guide for Global Policymak-
ers—Report of the International 
Commission on Nuclear Nonprolif-
eration and Disarmament, Canberra, 
Australia: Paragon 2009, see: http://
www.icnnd.org/reference/reports/
ent/index.html 

7.  Nuclear Forensics: A Capability at 
Risk, Committee on Nuclear Fo-
rensics, National Research Council, 
National Academies Press,  http://
www.nap.edu/catalog.php?record_
id=12966  

Comment?
To comment or offer suggestions for 
future columns, contact Jekowski at 
jpjekowski@aol.com. Material con-
cerning the future of the U.S. NSE 
can also be found under the “What’s 
New” tab of Jekowski’s company 
Web site, http://www.itpnm.com, 
including presentations he has made 
on the NSE the past five years to the 
annual INMM Southwest Chapter 
technical meeting.
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Calendar

February 6–9, 2011 
CONTE 2011
Conference on Nuclear Training  
and Education
American Nuclear Society: Topical 
Meeting
Hyatt Regency Jacksonville Riverfront 
Jacksonville, Florida USA
Co-Sponsored by the American Nuclear 

Society and the European Nuclear 
Society

Web Site: www.ans.org

March 21–23, 2011
Fifth Annual Workshop on Reducing the 
Risk from Radioactive and Nuclear 
Materials: Addressing the Insider 
Threat
Smith Building, Texas A&M University
College Station, Texas USA
Sponsored by the INMM Nonprolif-

eration and Arms Control Technical 
Division Standing Committee on 
International Security of Nuclear and 
Radioactive Materials

Web Site: www.inmm.org

April 10–14, 2011 
2011 International High-Level  
Radioactive Waste Management 
Conference
Albuquerque Marriott
Albuquerque, New Mexico USA
Sponsor: the American Nuclear Society
Web Site: www.ans.org

July 17–21, 2011
52nd INMM Annual Meeting
Desert Springs JW Marriott Resort & Spa 
Palm Desert, California USA
Sponsor: Institute of Nuclear Materials 

Management
Contact: INMM
+1-847-480-9573
E-mail: inmm@inmm.org
Web Site: www.inmm.org/meetings
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Join INMM!
Who should join the INMM?
INMM membership is open to anyone involved in the development, 
teaching, and application of technologies and procedures for the man-
agement of nuclear materials.

Why join INM M?
• Opportunities for professional development
•  International networking
•  Subscription to the Journal of Nuclear Materials Management
•  Access to research and best practices
•  Reduced registration fees for educational seminars, topical
 workshops, and meetings
•  INMM’s Mentor Program directly connects students and junior
 professionals with the leaders in nuclear materials management.
•  The INMM Membership Directory. The “who’s who” in nuclear
 materials management throughout the world
• Access to complete downloadable Journal and Annual Meeting 
 Proceedings Archives

The Institute of Nuclear Materials Managment
Advancing responsible management of nuclear

materials around the world.

Visit www.inmm.org/join
for more information
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Decommissioning?
The new AURAS-3000 Box Counter from ORTEC will make short
work of those bulky free release construction waste containers!

• Free Release Assay of large waste containers up to 3 m3: B25 ISO Box, smaller boxes with
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• Full Quantitative Assay of all detectable gamma emitters, with non-gamma emitter estimates
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