STCU Nuclear Forensics Experts' Workshop

8-9 June 2009 Tbilisi, Georgia

This event gathered world-recognized experts in Nuclear Forensics and scientists and specialists from STCU beneficiary countries involved in national NF-related activities. 
The workshop tasks were to identify:

· International/national/regional priority needs/ problems within NF field;
· Current level of NF-related R&D capabilities within the STCU Recipient countries;

· Which NF –related problems/tasks could be addressed through STCU-supported projects;

The main topics of discussion were: nuclear/radioactive materials detection and identification, as well as secure transport and storage.
The communication with representatives of CIS countries has shown the lack of clear understanding of “Nuclear Forensics” term. So, below are some definitions: 

Nuclear forensics is the technical means by which nuclear materials, whether intercepted intact or retrieved from post-explosion debris, are characterized (as to composition, physical condition, age, provenance, history) and interpreted (as to provenance, industrial history, and implications for nuclear device design). This characterization and interpretation results from field work to obtain representative samples of the device materials, laboratory analyses, computer modeling, and comparison with databases that contain empirical data from previous analyses of materials samples or that may be the result of numerical simulations of device performance or both.
(Nuclear Forensics. Role, State of the Art, and Program Needs. Report of Joint Working Group of the American Physical Society and the American Association for the Advancement of Science (http://cstsp.aaas.org/files/Complete.pdf ));
Nuclear forensics is the analysis of intercepted illicit nuclear or radioactive material and any associated material to provide evidence for nuclear attribution. The goal of nuclear analysis is to identify forensic indicators in interdicted nuclear and radiological samples or the surrounding environment, e.g. the container or transport vehicle. These indicators arise from known relationships between material characteristics and process history. Thus, nuclear forensic analysis includes the characterization of the material and correlation with its production history

(International Atomic Energy Agency, Nuclear Forensics Support, Reference Manual. IAEA Nuclear Security Feries # 2, Technical Guidance, Vienne,2006. (http://www-pub.iaea.org/MTCD/publications/PDF/Pub1241_web.pdf ))
Nuclear forensics is the analysis of a sample of nuclear or radioactive material and any associated information to provide evidence for determining the history of the sample material. Nuclear forensic analysis includes characterization (determination of a sample’s characteristics), interpretation of data and reconstruction of the event (attribution).

(From presentation of K. Mayer and M. Wallenius, Institute for Transuranium Elements (ITU) Karlsruhe, Germany at STCU NUCLEAR FORENSICS EXPERTS' WORKSHOP Tbilisi, Georgia, 08 -09 June 2009)

Presentations provided by Drs. Eileen S. Vergino Deputy Director, center for Global Research, Lawrence Livermore National Laboratory, USA and K. Mayer, Institute for Transuranium Elements (ITU) Karlsruhe, Germany identifed the general 

Current International Needs and Requirements for Nuclear Forensics 

· Rigorous nuclear forensics analysis that incorporate quality assurance, standardized procedures and proficiency testing; 

· Discovery science to determine the persistence of nuclear forensics signatures (isotopic, chemical, and physical) and relation to source and manufacture;

· Access to representative and well pedigreed samples from across the nuclear fuel cycle for comparison

· Technical, operational and administrative structure of a directory of national nuclear forensics libraries to enable comprehensive interpretation of nuclear forensics data

· Training and outreach that both provides orientation to nuclear forensics applications (customs, law enforcement) as well as preferred methods for conducting nuclear forensics investigation (e.g., Model Action Plan) 
(From presentation of Dr. Eileen S. Vergino Deputy Director, center for Global Research, Lawrence Livermore National Laboratory, USA)
and Future Trends

· On-site Non-Destructive Measurement
-High-resolution gamma spectrometry
-Rapid, reliable information

-Maintain integrity of samples

-Maintain chain of custody

-Validated Procedures

· • Develop Core Capabilities

-Major chemical element

-Isotopic composition

-Macroscopic appearance

· Improve Administrative Infrastructure
-Response Plan

-Response Procedures

· Improve Preparedness

-National register of radioactive sources

-National archive/database of nuclear material (characteristics)

-Develop regional cooperation

-Develop international cooperation

· International collaboration 

-Analytical Support

IAEA Nuclear Security Series No. 2
Bilateral Joint Analysis Agreements
-Assistance in data interpretation

· Training/Exercises

(From presentation of K. Mayer and M. Wallenius, Institute for Transuranium Elements (ITU) Karlsruhe, Germany at STCU NUCLEAR FORENSICS EXPERTS' WORKSHOP Tbilisi, Georgia, 08 -09 June 2009)

STCU recipient countries’ national/regional priority needs/problems within NF field

Discussions at panel sessions have revealed many common challenges and problems for CIS countries. Some of them are of world-wide character:
Detecting. 

· False and innocent alarms;

· Detection of shielded and masked of radioactive materials;

· Localization of radioactive materials in big volume;
· Detection of moving objects;

· Enhancement of detecting systems energy resolution; 

· Improvement of detecting systems performance reliability and usability;

· Introduction of active detecting systems with enhanced sensitivity and accuracy as complementary tools to existing portal detectors;

· Calibration of existing detecting systems;
· Deficient of portable radiation detecting equipment to conduct on-site investigation:

High-resolution (-spectrometers;

Hand-held isotope identifiers;

Radiation pagers;

Nuclear and radioactive materials identification (Radiation measurement, chemical composition identification, materials attribution and “finger-prints” attribution):
· Obsolescent or even absence of dose rate measurement and spectroscopic instrumentation; 

· Capabilities in materials identification and “finger-prints” finding seriously restricted by absence of adequate mass-spectrometry instrumentations;
· Mobile laboratory for on- incident-site expertise;
· Creation of core capabilities for materials characterization and data interpretation;

· Enhancing of analytical capabilities and laboratory staff skills;
· Providing efficient targeted trainings for the laboratory stuff;

· Creation of National databases of Nuclear Materials and Radioactive Sources;

· Establishment of efficient communication channels with relevant expert authorities/institutions within the country, in neighboring countries and worldwide;

· Taking into account the possible changes in nomenclature of subjects of illicit traffic caused by the development of reactors of new generation and novel fuel cycle;
Secure transport and storage
· Marking of nuclear materials/containers;
· Detection of moving objects;

· Novel containers for storage and transportation;

· Determination of activity of radioactive source in container of unknown design; 

· Receiving inspection of fresh and spent fuel - instrumentation and methods for determination of degree of enrichment for fresh fuel and burn-up in spent fuel;
· Threat assessment along transportation route.
Current level of NF-related R&D capabilities within the STCU Recipient countries, potentialities and priorities.
Ukraine: 

Institute for Nuclear Research is the main expert organization in Ukraine on the characterization of nuclear and radioactive substances seized in illicit trafficking. It possesses core capabilities in NF. The INR's expert laboratory is directly involved into the basic and practical nuclear forensics studies.
The highest priority in NF is to establish a national reference nuclear forensics laboratory in the INR based on the existing expertise in the field trough:
· Further enhancing analytical capabilities of the INR,

· Providing efficient targeted training to the laboratory staff, 

· Certification of the INR's laboratory to the international standards,

· Establishing an expert centre for providing prompt consultations to the national authorities (regulatory and low enforcement bodies) in cases of illicit trafficking incidents, 

· Establishing efficient communication channels with relevant expert authorities/organizations in neighboring countries.
Institution’s potentialities and proposals:
· Establishing of a regional (GUAM) network national NF laboratories (possessing of core capabilities) with central regional NF laboratory having advanced analytical and interpretation capabilities created on the base of INR’s expert laboratory;
· Application of neutron generators (neutron tubes) for the development of active detecting systems;
· Simulation of detecting systems respond;

· Development of instrumentation and methods for analysis and characterization of fresh and spent nuclear fuel (determination of enrichment and burn-up degree);

· Detecting of shielded HEU by passive methods;
Institute for scintillation materials is one of the powerful scientific centers in Ukraine. Main activities are: 
· Fundamental and applied investigations in material science of scintillation and luminescent media. 

· Development of technologies for the production of scintillation detectors and devices on their basis. 

· Fundamental investigations of the interaction between radiation and matter.

The institute possesses of capabilities for development and production of 
· Bulky plastic scintillators (up to 1000 kg);
· Long-length scintillation strips (up to 7 meters);

· Position sensitive spectrometric detectors;
· Bulky alkali halide and chalcogenide scintillation crystals;

Institution’s potentialities and proposals:

· Development of Advanced Spectroscopy Portal Monitors on the base of uniform Technological Platform.
This proposal was considered as valuable alternative to expensive portal system with high-resolution and available system with plastic detectors possessing of lower performances.
Institute of Solid-State Physics, National Science Center Kharkiv Institute of Physics and Technology is one of the leading institution in Ukraine with expertise and capabilities in:
· Development and research of nuclear fuel and absorbing materials; 

· Design and technology of manufacturing fuel and absorbing elements, and fuel assemblies; 

· Handling of spent nuclear fuel; 

· Technological support of a nuclear fuel cycle of Ukraine;
Georgia

Andronicashvili Institute of Physics. Main expertise and capabilities are:
· Fundamental research in low-temperature processes, study of cosmic rays and elementary particles, radiation material science, plasma physics, and bio-physics; 

· Applied physical research, radioecology and pollution monitoring. 

The Institute is operating a sub-critical assembly with an external neutron source 

The institute involved in national NF-related activities and possesses limited capabilities in identification of radioactive sources and fission materials (obsolete and contemporary (Canberra InSpector 2000) (-spectrometric facilities)
Priority needs: 
· Enhancing of analytical capabilities,

· Efficient targeted training to the laboratory staff,
Proposal:

· Investigation of applicability of available sub-critical assembly (Breeder -1) for the NF needs.

Nuclear and radiation safety service of Georgia.
This organization has experience in the development of the portable search devices with embedded switched off sources of neutrons and their application for detecting of highly enriched uranium, explosives, drugs, etc. in the hidden cavities. Since Georgia has no nuclear technologies, they are looking for partners for manufacturing of injectors made of Am-241 or Pu-238.
Azerbaijan 

The Republic of Azerbaijan has no nuclear installations or materials and its nuclear activities are limited to typical uses in oil industry, medicine, agriculture and scientific researches.

Institute of Radiation Problems, Main expertise and capabilities presently are concentrated in the field of:

· Radiation sources and nuclear materials detection; 

· development of new types of detectors;

The institute involved in national NF-related activities and possesses some capabilities in identification of radioactive sources and fission materials (modern high purity gamma spectrometers, alpha and beta spectrometers are available)
Priority needs:
· Create well-skilled team of experts in radiochemistry and nuclear physics;

· Establish access to the existing database as well as to model calculation resources for interpretation of the obtained data;

· Enhancing of participation in international cooperation programmes is the most effective and efficient way for getting new knowledge and skills in NF.

Institute of Physics, 

Institute’s areas of expertise and main capabilities in NF:

· Semi-conductive materials for radiation detection;

· Application of terahertz radiation for remote identification of the explosives, dangerous chemical and radioactive substances: Terahertz generator (detector) on the basis of layered AIIIBIIICVI2 crystals for detection of illicit trafficking of nuclear materials;

· Performance of nuclear threat risk assessment;
Priority needs:
· Support of efforts on improvement of detecting instrument performances and its application for NF purposes;
· Support to R&D on the creation of program for nuclear risk assessment in Caucasus region; 

Moldova
The republic has no nuclear installations or materials and, as judged from the information presented at workshop, possesses vary limited expertise and capabilities in NF. 
Institute of Applied Physics has experience in the theoretical studies of nuclear reactions and development of nuclear reaction models and computational codes applicable for identification fusible materials;
Proposal: Development of methods for modeling of interaction of high energy radiation with fissile materials and utilization of reaction products for materials identification.
NF –related problems/tasks which could be resolved through STCU-supported projects.
Summarizing the above-listed data we can conclude that except Ukraine and Georgia, other STCU recipient countries participated in the workshop do not have nuclear research facilities and related knowledge and skills. 

Taking into account the current level of countries’ NF expertise, available instrumentation, research infrastructure and capabilities in materials identification it was generally agreed that establishing of a regional (GUAM) forensics network encompassing national NF laboratories possessing of basic capabilities in detection and analysis (including mobile laboratory for on- incident-site express expertise) with central regional NF laboratory having advanced analytical and interpretation capabilities may be the optimal approach for significant enhancing of region ability to withstand the illicit trafficking of nuclear and radioactive materials. The Regional NF center could be created on the base of appropriate expert laboratory at Institute for Nuclear research (Kyiv, Ukraine). This network should to develop international cooperation with leading expert laboratories for experts training, data analysis and interpretation, and national database development. This approach was supported by all representatives of STCU beneficiary countries. So, the proposals supporting the creation of regional (GUAM) nuclear forensics network should be of highest priority for future STCU competition.

Representatives of STCU- recipient countries pointed the deficiency of portable detecting equipment for law machinery (Customs, Security Service, and Police) to conduct on-site inspection: radiation pagers and hand-held isotope identifiers. 
Though the creation of national libraries of nuclear materials and radioactive sources (as a database comprising characteristic parameters of materials or in form of physical samples archive) is not pure R&D activity, such libraries will be important source of information for nuclear materials identification and will become an important element of national nuclear forensics infrastructure.
Besides the above-mentioned the following priority areas for development activities were identified:

For the areas of Detection and Identification:
· Identification of mixed and shielded sources

- Modelling using Monte Carlo Techniques

- Experimental validation using the portable high res. gamma spectrometry

· Exploring the possibility of active interrogation

· Detection of HEU and Pu

· Handling of false alarms

With respect to storage and transportation of seized nuclear or other radioactive material the following issues for R&D were raised: 

· Tagging of material (i.e. adding a "marker" to nuclear material which unambiguously identifies the producer of the material)

· Detection of moving objects

· Threat assessment along transportation pathway to avoid and detect possible diversion

The potential proposals discussed included:

· Novel storage containers

· Analysis and characterization of fresh fuel, including development of instruments and measurement control for enriched fresh fuel, and neutron measurements

· Techniques for measurement of burn-up in spent fuel

· Advanced Spectroscopy Portal Monitors on the base of uniform Technological Platform.

· Detection of shielded HEU utilizing passive methods

· Characterization of SNM (Special Nuclear Materials) and other materials suitable for RDDs (Radiological Dispersal Device: Any method used to deliberately disperse radioactive material to create terror or harm.) 

· Active and passive mechanisms of materials detection in containers with non-destructive techniques

· Feasibility of utilizing neutron generators for forensics

· Real-time monitoring of radioactive sources

· Development of new materials for radiation detection

During the discussion period the following general concept for STCU Call for R&D proposals was agreed:
The R&D should be driven by identified above practical needs of nuclear forensics and nuclear security (development of new measurement techniques, new sensors and detectors, new analytical approaches etc.) rather than be pure scientific. In addition to pure technical projects there may be also some projects targeted on the improvement of technical capabilities of national authorities and enhancement of the co-operation among national and international organizations involved into the proliferation prevention and response to the illicit trafficking of nuclear materials.
The main criteria for a potentially successful project must be: a) clear formulation of the problem, b) clear description of the approach to be used and c) clear indication of the practical benefits to be achieved.

Foreign collaborators should play a crucial role in such STCU projects by bringing outside expertise and experience. The collaboration with at least one western institution involved in nuclear forensics activities should be mandatory. 

The commercialization of R&D should not be among the main priorities at the first stage but for the follow up projects.

List of governmental and non-governmental programs that could be potential participants/financial supporters of research proposals submitted under the Panel's Call for Research Proposals concept 

European Commission's TACIS program supports a number of on-going projects, specifically targeted on the enhancement of analytical capabilities of national expert (nuclear forensics) organizations (laboratories) in the CIS countries;

 Instruments For Stability (IFS) – the follow up of the TACIS (http://ec.europa.eu/europeaid/where/worldwide/stability-instrument/index_en.htm ).

The IAEA (International Atomic Energy Agency) is the world´s center of cooperation in the nuclear field. (http://www.iaea.org/About/index.html )

 IAEA's CRPs - Coordinated Research Projects sponsored by the IAEA in the nuclear security field (http://www.iaea.org/programmes/ripc/nd/crps.htm )
Institute for Transuranium Elements: the main scientific organization that supports the European Commission's policy in the nuclear. The ITU is the leading world expert in nuclear forensics. (http://itu.jrc.ec.europa.eu/index.php?id=11 )
The Nuclear Threat Initiative is working to reduce the global threats from nuclear, biological and chemical weapons. NTI is co-chaired by Ted Turner and Sam Nunn. (http://www.nti.org/index.php )

The Closed Nuclear Centres Programme (CNCP) represents the United Kingdom's contribution to limiting the proliferation of weapons of mass destruction by addressing threats arising from the nuclear legacy of the former Soviet Union (http://www.cncp.ru/cis/eng/cis.shtml )
NATO Science for Peace and Security (SPS) - Key Priorities falling under two broad categories: Defence against terrorism and Countering other threats to security. (http://www.nato.int/science/nato_funded_activities/topics_supported.htm )

 Initiatives for Proliferation Prevention (http://ipp.lanl.gov ) 
US Civilian Research & Development Foundation:Anti-Terrorism Activities (http://www.crdf.org/focusdocs/focusdocs_show.htm?doc_id=293926 )

Pacific Northwest National laboratory, Mission on Preventing and Counter Acts of Terrorism and the Proliferation of Weapons of Mass Destruction (http://www.pnl.gov/missions/prevent.asp )
Oak Ridge National Laboratory,  Nuclear Nonproliferation Programs (http://www.ornl.gov/ornlhome/national_security.shtml) 
Los Alamos National Laboratory, Nonproliferation and Threat reduction (http://www.lanl.gov/natlsecurity/threat/nonprolif )

Lawrence Livermore National Laboratory Global security program (https://www-gs.llnl.gov )

The Global Initiative to Combat Nuclear Terrorism, US Department of States (http://www.state.gov/t/isn/c18406.htm )

US Department of Energy, National Nuclear Security Organization, National Technical Nuclear Forensics (NTNF) program (http://nnsa.energy.gov/emergency_ops/nuclear_forensics.htm )

