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Thank you to the IAEA for inviting us to give this talk.  Our talk will start with the early 1990s, when independently the two of us started to work on nuclear forensics, and describe how we started to collaborate in the mid 90s.

About two years after the Berlin Wall came down, a talk was given at Lawrence Livermore National Laboratory (LLNL) by a person who at that time served on an advisory board for the U.S. Department of Energy.  He was on a mission to help guide the Lab, and in his talk he hit on a new problem.  “How quickly and with what certainty (if any) could we identify the origin of a nuclear weapon unclaimed by anyone?”  This potential use of what he called “an unattributed nuclear weapon” demanded, in his opinion, redirecting some of the traditional nuclear weapons research into addressing this problem.  

Sitting in the audience was my Division leader at that time.  He was galvanized by the challenge of an unattributed nuclear explosion, recognizing it as an important new question, and he immediately set out to do something about it.  Drawing upon internal research funds, three scenarios were devised to help frame the problem and uncover issues.  

I remember watching our nuclear weapons radiochemists work diligently on these scenarios.  They would take the data and start to perform the types of data interpretation that were familiar to them.  Before they knew it, they would be working hard on diagnosing the performance of the weapon.  Understanding the performance of the weapon was relevant to their investigation, but it was not the most important question they were asked to answer, the technical question, “What can you say about the origin of the materials and the design of the device?”  In this early exploratory work, frequently the scientists would have to remind themselves that they were answering a question that was new to them.

I personally became directly involved in nuclear forensics in 1992 when I became the Nuclear Chemistry Division Leader.  My interest in the attribution problem had already been piqued, and soon I started an effort to engage with other Labs to develop thinking about this new problem and how to approach it.  By summer my Livermore team had completed an initial draft of a white paper, and we then sought to partner with other U.S. weapons labs.  Eventually our efforts led to a meeting in the fall of 1993, for the stated purpose of “working-level discussions to define the attribution problem and the national capability, both current and future.”  The discussion emphasized the importance of recognizing that achieving attribution required information and experts from three spheres—intelligence, political and technical.  At one point we developed a diagram that presented the many scenarios in which nuclear attribution would be useful, starting with the three basic scenarios of nuclear materials, a nuclear device, and a radiation dispersal device.    

I then branched out to brief many people and organizations in the U.S. government on nuclear attribution.  These briefings not only helped to promulgate our view on the need and nature of an attribution capability, they also helped to refine our thinking.  

At the same time, we wanted to make some technical progress, so we re-directed some of our internally research funds to examine what could be determined about the origins of plutonium (Pu) from a detailed set of technical measurements.  After all the writing and talking about what we might be able to do, it was good for the scientists to actually do some experimental work.   This project led us to feature age dating, i.e. determining the time when the radio-chronometer was reset, as a key signature for nuclear forensics.  The importance of age dating has become increasingly apparent ever since then.

Turning now to Europe in the early to mid 1990s, several significant interdictions of SNM (special nuclear material) brought to light the need for nuclear forensics.  At the time of the seizures the Institute for Transuranium Elements was the only laboratory in Germany which could do the job.  They were asked to assess the radiological hazard, the intended use and origin of the material, and to identify possible production sites.  This required different procedures and measurements than were needed for their existing programs. The ITU radiochemistry lab was charged with tasks to verify operator declarations made under the EURATOM treaty by re-measuring samples taken at the plant. By this duty the institute acquired knowledge and capabilities of the civil fuel cycle in the EU.  But for that work, the production date is already known, but for unknown material the history had to be established by making different types of measurements.  One example is age-dating,  but age dating was not the only new challenge: the production type was engraved in the material and had to be read from which followed directly the intended use of the material. To answer the question of where the material was produced, impurities and isotopic changes could give some hint but external records of production sites were essential to interpreting the data. Therefore ITU set up a database, partly from literature and partly from information provided under agreements with plant operators.  These were new challenges for the Institute going beyond its acquired expertise.
One of the earlier interdictions was in Tengen near Konstanz. The Bavarian police searched the garage of a money counterfeiter and found by chance a container with a radioactive powder. The analysis at ITU showed a mixture of so called “red Mercury” and Plutonium (see table). The isotopic composition of the Pu was unusual. The Pu-239 was higher than could be produced by known nuclear reactors, consequently it must have been enriched. Moreover the Pu-metal was alloyed with gallium, which stabilizes the Pu delta phase over a greater temperature range.

In a second case a Colombian physician offered to sell Pu. The material arrived from Moscow in Munich, accompanied by the Columbian along with two Spaniards, where it was expected by the Bavarian police.  Later the material was analyzed at ITU (see table).  Their analyses confirmed the presence of Pu oxide, but it was mixed with U-oxide as well.  The isotopic compositions are shown in the slide.  They also found Li metal that was enriched in Li-6. ITU noted that the Pu was weapons-grade, and concluded that it was not from commercial reprocessing or from military production, and furthermore, it was produced by a non aqueous route. They concluded that it was residues from experiments to develop a MOX process. 
Meanwhile, back in the U.S, my initial attempt at partnering with other U.S. weapons labs had floundered.  So I decided to approach Pacific Northwest Laboratory, and within three months we produced a joint white paper “Attribution Assessment of Illicit Nuclear Materials.”  This white paper emphasized the importance of developing some type of attribution assessment team that would serve as the crucial link between the technical community doing the forensics measurements and those responsible for the overall investigation.  The white paper’s longest section described the sample flow and analysis sequence for a nuclear forensics investigation.  A key emphasis was that measurement results needed to be interpreted using potentially a very broad set of expertise, with a goal to obtain a single integrated interpretation of all the technical results.  The diagram that summarized this sample and information flow in a case investigation served as the basis for the later development in the international community of a “Model Action Plan.”

During this flurry of paper studies and many briefings, one very important step was taken by one of the DOE offices we had been briefing.  The office leader attended a P-8  meeting of nonproliferation experts in Ottawa in May, 1995.  At that meeting he suggested holding an international meeting on the role of nuclear forensics in addressing nuclear smuggling.  He offered that DOE would sponsor the conference and it would be hosted by LLNL.  Of crucial importance was the participation of some key people who had been involved in analyzing nuclear materials that had been interdicted in Europe.  So we were especially encouraged to hear that Lothar Koch from ITU would be attending, as he had led most of the known analyses of interdicted nuclear materials.  

I served as the chair of the Conference, and I encouraged an agenda that would lend itself to open discussion and broad participation.  The Conference included more than 70 participants from fourteen countries and organizations.  Many people at the Conference noted that an especially distinctive feature of the Conference was the blend of scientists, law enforcement officials, intelligence experts, and policy personnel.  Such a collection of people on a technical topic was almost unheard of  

The culmination of the Conference got to the heart of the purpose for the Conference.  After a panel discussion on the topic of “Mechanisms for International Cooperation and Next Steps,”  my key State Department representative gave me this direction—gather all the technical people and decide on what would be the best way to continue this type of international cooperation; meanwhile, the non-technical participants would take an extended break and then come back to hear our proposal.

The technical contingent recommended forming a Nuclear Smuggling International Technical Working Group (usually referred to simply as the ITWG).  The conference endorsed this recommendation and we were directed to hold the first ITWG meeting in time to develop a Status Report that documented progress in technical cooperation on nuclear smuggling forensic analysis, and it should be done quickly  so that it could be considered by the P-8 Nuclear Summit in Moscow in the spring of 1996.  

The State Department lead at this conference cautioned me that the ITWG “should not be an every step ask for mother-may-I.” Taking that approach too often in her experience led to no progress at all.  Instead, she encouraged us scientists to be proactive, keep the ITWG technical and informal, and simply keep the political experts informed.  By all means, she emphasized, do not let it become an official government activity.  I followed that course of instruction throughout my 12 years of co-chairing the ITWG.
The first ITWG meeting was held at ITU early in 1996.  An initial terms of reference was developed and a draft of the Status Report was discussed.  Plans were made for the first international exercise, as the scientists were eager to begin working together on actual materials.  We needed to do more than just talk, we needed to start a development effort that focused on the new question, i.e. how well can you identify source and history of a material based on nuclear forensics analysis?  Of critical importance was the make-up of the group.  The fact that the ITWG included most of the significant nuclear forensics capabilities in the world gave it technical credibility.  Of equal importance was the strong presence of law enforcement and various security personnel, including notably the FBI and the Metropolitan Police of the United Kingdom (i.e. Scotland Yard).  

It is important to note that national intelligence services have the dominant role in combatting smuggling of nuclear materials. But typically intelligence services do not have the capability to make nuclear forensic measurements, so they need to work with laboratories that do have that capability.  In some cases, a country may have very limited or no capability to make nuclear forensic measurements, so if they wanted a nuclear forensic analysis, they would need to seek assistance from another country or go to an international organization. Therefore ITU offered its assistance in the framework of its role as part of an IAEA laboratory network. 

After the ITWG finalized the Status Report it was forwarded to our respective governments.  Subsequently, nuclear forensics was endorsed by the P-8 at the Moscow Nuclear Summit in April, 1996, as part of the illicit trafficking program.  The ITWG set forth as its primary goal the development of a preferred approach to nuclear forensics that would be widely understood and accepted as credible.  We laid out the primary technical elements, e.g. developing protocols, prioritizing techniques, facilitating assistance to countries.
In the early years of the ITWG, we focused on two main areas.  The first was the development of a model action plan.  It describes the steps that should be taken to respond to a suspected incident of illicit trafficking, and one early version is shown on the slide.  This action plan stressed the importance of close interaction between scientists working on the nuclear material and traditional forensics by law enforcement.  Ideally, all of the evidence developed by both communities should be brought together in order to reach technical conclusions.  These technical conclusions would then provide a key input for further development of the case to answer the attribution question of who was responsible.

Any Model Action Plan has to take into account the wide differences among countries in the government structure and the level of capability for specific elements. For this reason IAEA and EC have tested the model action plan by conducting a number of exercises in various countries.  For example, the TACIS program by the European Commission conducted exercises in a number of countries, according to the model action plan. Through this program, ITU also trained people and provided laboratory equipment and monitors in order to upgrade a country’s technical capabilities.  Prior to the exercise, the model action plan would be adapted to their country’s specific circumstances. In some cases the results of the exercise led to changes in the national procedures for such an interdiction. 

By that time of the fifth ITWG meeting, the ITWG had included participants from more than 30 countries and organizations.  The second area of early focus by the ITWG was on exercises, and finally at the fifth meeting of the ITWG, the initial technical results of the first round robin exercise were presented.  For the scientists, it was wonderful to finally have a meeting that had a much higher technical content, but for the non-scientists, it was too much.  So we arranged to have a follow-up meeting that would include just the scientists who participated in the exercise.  Basically, we experienced what we had hoped for—we learned from one another.  We discussed observations that were difficult to interpret.  We talked about the notion of developing a network of forensic experts who each had access to their own database on nuclear materials and might then share with others insights that could be gleaned from their own information.  We also finalized a prioritization of techniques to be used in a case as a function of time. And it also stimulated development by some participants, for example, our U.S. team presented age dating that in addition to using the common Pu-Am chronometer, added several pairs of Pu and U isotopes.  One Lab took note, and went home to develop that same capability and reported results the following year.   

In year 2000, two significant steps were taken that represented a turning point for the development of nuclear forensics in the U.S.  First, the HEU that was seized in Bulgaria in 1999 was sent to the U.S. for nuclear forensics analysis.  We were given permission to use many of the techniques we had available.  We not only measured the nuclear materials but also made many measurements on the associated non-nuclear materials.  Since this work has been briefed quite a few times before, including more than a decade ago at the IAEA International conference on environmental monitoring and nuclear forensics, I will not comment on it further in this talk.

The second step was the establishment of a U.S. program on post-detonation nuclear forensics.  A precursor to this step was a U.S. Dept of Defense task force study that addressed what it called unconventional nuclear warfare defense, unconventional because it specifically excluded nuclear weapons delivered by a missile.  My boss at that time was on the task force, but he asked me to “carry the ball for him.”  Eventually that Task Force included in its recommendations the development of a post-det nuclear forensics capability in the Defense Department, and that recommendation was then acted upon.
By mid 2002 it appeared likely that a new U.S. government department for Homeland Security would in fact be established.  A transition planning team had been formed, and I was asked to head up a large team of people at LLNL to assist the transition team by providing white papers for the counter nuclear terrorism R&D program.  The white papers were well received, except for one—they weren’t receptive to the one on nuclear forensics.  That was a bummer!  But I was able to arrange a briefing directly to the transition team leader in which I featured the work of the ITWG and also the U.S. work on the Bulgarian HEU seizure.  It turned the tide, as he asked me to give my same brief to a key person on the White House staff, which lead to other developments within the U.S. government.  And a few days later I was informed that nuclear forensics would be a part of the Homeland Security portfolio.   This is what scientists sometimes need to be doing in order to achieve significant scientific and technical goals.  

You may be wondering why I have made a point of the establishment of U.S. programs to actually develop the field of nuclear forensics.  Although the ITWG was continuing to meet, and although we did some technical work, notably in the exercises, very little R&D was being done to develop nuclear forensics in any of the countries involved.  Not only was it personally heartening to me to see the U.S. effort on nuclear forensics R&D take off, not long after a number of other countries involved in the ITWG also started their own programs to develop nuclear forensics capabilities.  

The IAEA was a part of the ITWG from the beginning, but in the early 2000s we sought to develop a closer working relationship between the ITWG and IAEA.  Most notably, the IAEA asked me to lead a team to write a draft on “Nuclear Forensics Support.”  In essence, it was the fullest description of the model action plan that the ITWG had worked on over many years.    Eventually this document was published in 2006.  

In 2003 the ITWG expanded its charter.  Up to that time there was really no defined organizational structure for the ITWG.  For the first 6 ITWG meetings, Lothar and I were co-chairs, and upon Lothar’s retirement, I invited Klaus Mayer to take his place in co-chairing with me.  So in the revised charter, we formed an executive committee and also identified Task Groups as the main vehicle for work to be done between annual meetings.  

The non-proliferation experts groups of the G-8 had stimulated the start of the ITWG, and by 2005 I was considering further expansion of the countries participating in the ITWG.  But I felt the need for some political backing in doing so, and eventually arranged to brief the NPEG in 2005.  The brief by Klaus and I included an update on the ITWG work, but our main objective was to engage in a discussion on the future of the ITWG.  I presented my personal view of a vision for international cooperation on nuclear forensics, and the role I hoped it would play.  Then I posed the questions shown on the next slide.  The thrust of the response—you are doing well, keep doing what you’ve been doing, and it’s up to you whether or not to expand to include new countries.  

I want to share what I consider to be at the heart of the technical development of nuclear forensics—signatures.  Being able to make good and credible measurements is of course essential, but as I said many times to many people, what keeps me laying awake at night was the worry that even after we made good measurements, we still wouldn’t know how to interpret the results.  

Here is my own personal vision for signatures-- a validated set of signatures that uniquely distinguishes the origin and history of nuclear and radiological materials, and that this needed to be done for materials across the globe and the signatures needed to cover the entire life cycle of nuclear materials.  Developing better signatures is the cornerstone for improving specificity, accuracy, and credibility of technical judgments.  The long-term goal of signatures research should not only be to determine what attributes help most to constrain the origin and history of a material, but it should also determine the mechanisms that control signature development. 

A heartening trend that has accelerated in recent years is cooperative research projects that includes multiple countries.  Two years ago I created these slides that list some of the projects that the U.S. was involved in with other countries; it’s quite a list.  Here’s a technical summary of two of them.  Five laboratories conducted research to validate age dating of HEU using the U-234/Th-230 chronometer.  The graph shows excellent agreement in one test case.  A second example is a project that has involved a number of countries and organizations; goal is to be able to identify uniquely the origin of uranium ore concentrates.  It uses isotopic, chemical and physical properties, and an analysis tool has been developed that identifies the source of UOC samples with about 90% accuracy.

This is just a very brief summary of the first 15 years of the development of nuclear forensics.  Over the past couple of years I was afforded the opportunity to write a more detailed history of nuclear forensics, from my personal point of view.  My goal was to develop the lessons that I’ve learned regarding the development of a new field like nuclear forensics.  So I will close by sharing these lessons:

· When you are trying to develop something new, other people will naturally try to fit it into their old “narratives” i.e. their existing programs, perspectives, and concerns, and it will take a long time to overcome this tendency

· Conflicting perspectives between interested organizations have impeded (and probably will continue to) the understanding and development of nuclear forensics

· The development of nuclear forensics requires intersection of multiple narratives, i.e. scientists, law enforcements, intelligence, and policy makers from different parts of the government, thereby compounding the difficulties in achieving a coherent development

· Serendipity played an important role in the development of nuclear forensics

· International cooperation is necessary and difficult

· It has been important to keep technical cooperation as informal as possible in order to make progress

· Developing new signatures is central and challenging

· Challenging scientifically—takes a particular type of conceptual thinking and it is difficult a priori to identify what progress will be made in developing new signatures

· Challenging to get non-scientists to pay attention to signatures, for the drive to an operational capability can leave signatures R&D behind

· It’s OK to be persistent—if you’re right about it being important—I continue to persist in my belief that nuclear forensics is very important!
