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Description of Kazakhstan BN 350 Fuel 
Long Term Storage Activity
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Background In 1997 the United States Department of Energy and the Ministry of Science and Academy of Sciences of the Republic of Kazakhstan concluded an implementing arrangement “Regarding Long-term Disposition of BN-350 Nuclear Materials” that provided for joint work to package the BN-350 spent fuel, transport it to a storage site, and store it for fifty years in a secure storage facility.  In June 2001, the United States and the Republic of Kazakhstan completed a four-year packaging effort, which was the first stage of the project. Packaging significantly reduced proliferation concerns regarding at the BN-350 breeder reactor spent fuel.  

The entire inventory of BN-350 spent fuel is packed in airtight stainless steel canisters filled with an inert gas.  The packaging involved placing four or six fuel assemblies in each canister and was done in such a way as to ensure the canisters are self-protecting against theft. Each canister has a combination of highly radioactive assemblies and low-activity assemblies.  Once packaged and welded shut, the canisters were placed in storage in the reactor’s pool. 

The Government of Kazakhstan (GOK) has chosen the Baikal-1 reactor site for the long-term storage of the BN-350 spent fuel.  The distance involved in transporting the fuel by rail is 3000 km by a northern route or 4400 km by a southern route.  Originally, the technical approach called for the fuel to be moved in a small metal transportation casks holding one BN-350 canister each and for individual canisters to be stored in under ground silos.  The United States undertook a review of the approach proposed by Kazakhstan for transporting and storing the BN-350 canisters and proposed an alternative approach using large metal/concrete casks (MCCs) for both transportation and storage (dual-use or dual-purpose cask).  
The project, as proposed by the USG, includes the design of the dual-use cask by KBSM, a Russian design institute in St. Petersburg.  KBSM is the designer of a family of MCCs, including the cask that is being used to transport and store spent fuel from the Russian Navy.  The design would go through the certification process in Russia and be licensed in Kazakhstan.  

The DUC approach envisions cask fabrication in Russia.  After delivery to the BN-350 site, the casks will be loaded with BN-350 canisters and transported to Baikal-1.  The casks are to be taken first to a transfer site at Kurchatov aboard rail transport cars.  At the transfer site, the casks would be loaded onto truck trailers and then moved by road to the Baikal-1 storage facility for long term storage.  It will be necessary to develop the equipment to handle the canisters and casks. 

Approach   The feasibility study for the project divided the work into nine main topics:

· Cask design

· Sites, supporting equipment, and operations

· Transportation

· Physical security
· Environmental impact analysis

· International safeguards

· Safety analysis

· Licensing

· Schedule.

In developing the preliminary cask design, the study team assumed the BN-350 cask design was to be essentially the same as the Russian TUK-104, a cask designed by the KBSM for storing spent fuel from the Leningrad nuclear power station.  The characteristics of the TUK-104 allow it, with appropriate modification, to be used as the basis of the design of the BN-350 cask.  

In evaluating the technical feasibility of cask handling operations, the study made preliminary assessments of the supporting equipment and systems required.  Optional siting and site construction options were considered and estimates made of the possibility of constructing the sites using local resources.
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Cask Design   Preconceptual design and preliminary analysis of the cask using verified computational codes demonstrate that the MCC designed for transporting and storing BN-350 spent fuel conforms to requirements of the Republic of Kazakhstan and the Russian Federation.  The study examined the cask’s conformity to the requirements for nuclear radiation and criticality safety and for structural integrity, thermal toleration, and leak-tightness.  The design assumes that each BN-350 cask holds seven spent fuel canisters.  Thus transporting and storing all of the BN-350 canisters would require sixty-nine casks. At present it is assumed seventy casks would be fabricated, providing one as a spare. To meet transportation safety requirements, it will be necessary to design and fabricate a sufficient number of over packs for one trainload of casks.  The study found transporting seven casks at a time to be efficient; therefore it is assumed that it will be necessary to fabricate seven over packs.   

Sites, supporting equipment, and operations   Cask handling operations will take place at three sites: the Mangyshlak Atomic Energy Complex (MAEC), which is the site of the BN-350, (receiving the casks, evaluating and loading the nuclear fuel, temporary storage in casks, and loading the casks onto rail cars), Kurchatov (a train-to-truck transfer facility) , and Baikal-1 (long-term storage). The study affirmed the feasibility of cask handling operations at these sites.  Implementing the project will involve a significant effort.  
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Transportation   The study considered two routes for transporting the nuclear fuel from Aktau to the transfer facility at Kurchatov.      One, the northern route passes through Astana, the capital of Kazakhstan, and is about 3000 km long.  Part of this route (320 km) passes through Russian territory.  At this time, a branch line (indicated on the map by a dotted line) is under construction to provide an all-Kazakhstan route.  This section of the railroad is expected to be in operation in 2005. The southern route is about 4,000 km long and passes through Almaty.  This route contains a twenty-kilometer section in Kyrgyzstan, which, in the opinion of railroad personnel, does not create additional difficulties for transportation.  

The study team concluded that the most efficient train configuration would be seven rail transport cars each carrying a BN-350 cask accompanied by buffer cars and security escort cars.  The study showed that it is possible to fabricate and/or acquire all the necessary equipment to transport the BN-350 casks by rail.

Transporting the fuel casks from the transfer site to the storage site at the Baikal-1 test site involves a seventy-kilometer drive over an existing road using two tractor-trailers.  It will be necessary to repair some sections of the road.  The study considered various options for the truck convoys and demonstrated that it is possible to acquire the necessary equipment.

Preliminary estimates are that using seven rail transport cars and two tractor-trailers, the entire transport period will be fifteen months depending on weather conditions that could restrict trucking casks by road during the winter months.  The cost of the transportation will be approximately seven million dollars, of which about $2.6 million are railroad operating costs covered by the Republic of Kazakhstan.

Physical Security  The study concluded that provision of physical protection to all phases of the project is possible with standard physical security systems and procedures.  At MAEC and Baikal-1 it would involve cordoning the nuclear fuel storage site with double fences, alarms, surveillance cameras, lighting, etc.  Inasmuch as the transfer facility at Kurchatov will be used only periodically for a total of a few months over the course of fifteen months, guard forces would provide most of the physical security there for detection, assessment, and neutralization of any threat.  If necessary the site could be equipped with a single line of fencing, but the short period of operations does not justify installing expensive electronic security systems.  Guard and escort forces using modern communication and tracking systems to determine the location and status of the train with the nuclear fuel would provide physical security during transportation.  The project plan includes establishing a transportation command center and providing training for the guard and escort force personnel. 

International Safeguards  The Category I fissile material in the BN-350 spent fuel can be appropriately safeguarded during all stages of the project, including loading, transport and storage.  The key safeguards components during the loading phase would be the modern unattended monitoring system presently in use at the BN-350 facility; the Spent Fuel Attribute Monitor (SPAM) for measuring the neutron flux (nuclear signature) of each canister; and tamper-indicating devices.  Safeguards during transportation would rely mostly on tamper-indicating devices and perhaps on autonomous neutron detectors sealed onto the cask lids.  During storage, the proposal is to use a combination of tamper-indicating devices and an unattended system that monitors the neutron flux at the lid of each cask.  Depending on IAEA requirements, a remote monitoring capability could be added to the basic system.

Safety Analysis    The preliminary safety analysis included identifying hazardous factors and initial incidents, developing accident scenarios, and calculating their consequences.  The results of a qualitative analysis of the accident scenarios and calculations indicate that the most hazardous nuclear safety accidents are provided for in accordance with the requirements and criteria set by the standards and regulations of the GOK for transportation and storage of spent nuclear fuel.   The design-basis initial incidents did not lead to destruction of the protective barriers and environmental release of radioactive products.  An estimate was also made of a beyond-design-basis accident, in which there would potentially be a localized elevation of the radiation level on the surface of a cask.  Taking appropriate technical and organizational mitigating measures could prevent any consequences of such an accident.  

     In sum, the results of the preliminary safety analysis and calculated estimates show that the proposed design of the MCC casks and planned loading and handling technology ensures safety during transportation and long-term storage of the BN-350 spent fuel at a level required by GOK regulatory documents.

Environmental Analysis   The results of calculated estimates and qualitative analysis of environmental impact from the operations associated with loading, transportation, and long-term storage of the BN-350 reactor spent fuel show that, in the normal course of operations, the radiation dosage to workers and the public, and contamination of the soil, vegetation, and other natural objects will not exceed the limits set by GOK regulatory documents.  The potential elevated environmental contamination and personnel dosage in a beyond-design-basis accident could be prevented or kept to the required level by taking special mitigating measures to eliminate the consequences of the accident and protect workers and the public.   

Licensing   In the course of the study, a plan for certifying and licensing the cask for use in Russia and Kazakhstan was developed.  Notwithstanding that this will be the first licensing of a cask for spent nuclear fuel transportation and storage within Kazakhstan, the existing regulatory system in the Kazakhstan will allow the plan to be carried out.
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Schedule   The projected timetable for placing the BN-350 reactor spent fuel in long-term storage is feasible and adequate to achieve the project objectives.  It is expected that completion of the project will take about five years.  Its major stages are shown in the diagram below.
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