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Abstract: This paper investigates and analyses the situation of nuclear material control in spent fuel reprocessing plants in China, the actuality and experience of accounting and control measures for nuclear materials in commercial spent fuel reprocessing plants abroad, including the setting of material balance area and key measurement points for inventory in typical commercial spent fuel reprocessing plants, the overall design requirements and reality of accounting and control measures for nuclear materials,the concept of near-real-time accountancy, etc. Based on the investigation results and analysis, and in view of the current situation of nuclear material control in China, some preliminary suggestions for the preparation of nuclear material control technology in commercial spent fuel reprocessing plants in China are put forward.
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1.Overview of Nuclear Material Control in Spent Fuel Reprocessing Facilities in China 

1.1 Overview of spent fuel reprocessing in China
After 60 years of development, China's nuclear fuel cycle front section, including uranium exploration, mining, metallurgy, purification, uranium conversion, uranium enrichment, fuel manufacturing, has formed industrial capacity; however, the nuclear fuel cycle back section has not yet formed industrial capacity.Due to the lack of commercial scale power reactor spent fuel reprocessing plants, MOX fuel element production capacity has not yet formed, and there is still a gap with the nuclear power powerful nation. With the large-scale development of nuclear power, large-scale reprocessing of spent fuel and nuclear fuel cycle capability are facing new challenges.

1.2  Overview of Nuclear Material Control Technology for Spent Fuel Reprocessing Facilities in China

There are still many technologies to be improved in the closed accounting of nuclear materials in the spent fuel reprocessing pilot plant of power reactor in China.For example, it is difficult to evaluate the transmitter-receiver difference and to obtain the amount of nuclear material in non-recoverable waste due to the lack of measurement methods for spent fuel consumption and uranium and plutonium content in waste cladding at the beginning. At the same time, in order to supply nuclear fuel for Xiapu Fast Reactor Power Station demonstration project, 200 tons spent fuel reprocessing demonstration plant also includes a MOX module production line. The nuclear material accounting and control of this production line will become a new subject of nuclear material control in China. Therefore, the design, construction and operation of nuclear material accounting and control system for spent fuel reprocessing facilities in China lack of technical basis.

2.Current Status of Nuclear Material Accounting and Control in Commercial Spent Fuel Reprocessing Plant Abroad

2.1 Accounting and Control of Nuclear Material in Commercial Spent Fuel Reprocessing Plant

In recent years, European ,American and IAEA have set up research topics on the accounting and control measures of nuclear materials for commercial spent fuel reprocessing plants. They have collected and summarized IAEA's experience and lessons in safeguarding rokkasho reprocessing plants (RRP) in Japan in order to improve the accounting and control system of nuclear materials for such bulk materials facilities in the future. To improve the monitoring sensitivity, reliability and robustness. These research topics focus on: (a) embedding nuclear material accounting and control requirements in the design and construction phase of RRP; (b) evaluation and verification of design parameters; (c) nuclear material measurement and monitoring system; (d) sampling and analysis; (e) system security and automatic verification; (f) data collection and evaluation system; and (g) handover between regulatory authorities and operational units; (h) Strengthened safeguards etc.

2.2  Material Balance Areas and Key Measuring Points for Physical Inventory

RRP has five nuclear material balance areas (MBA) and nine inventory key measurement points (inventory KMP). The division of nuclear material balance areas and the setting of key measurement points for inventory are shown in Table 1. The factory declares the flow and path of all nuclear materials across the boundary of the balance area in the inventory change report of nuclear materials, while IAEA carries out the verification activities of the inventory change of nuclear materials. Other Strategic Points (OSPs) are also set up inside the Balance area to verify the flow of nuclear materials within the Balance area, To confirm the operation status declared by the factory and the non-use of nuclear facilities for undeclared purposes.

Table 1 Setting up of Material Balance Area and Key Measuring Points for Physical Inventory in Six Spent Fuel Reprocessing Plants

	Material Balance Area
	Key measurement point

	MBA-1
	Spent fuel storage area, first terminal area
	KMP A
	Spent fuel reception and storage areas

	MBA-2
	Chemical main processs area, including Uranium conversion and laboratory
	KMP B
	 First terminal area

	MBA-3
	Waste treatment and storage area
	KMP C
	Nuclear materials in the chemical main process zone

	MBA-4
	MOX transiton zone
	KMP D
	Nuclear materials in the analysis laboratory

	MBA-5
	Product storage area
	KMP E
	Nuclear materials in uranium conversion area

	
	
	KMP F
	Nuclear material in waste treatment and storage areas

	
	
	KMP G
	Nuclear materials in MOX transiton zone

	
	
	KMP H
	UO3 product materials in the product storage area

	
	
	KMP J
	MOX product materials in the product storage area


2.3 General Design Requirements for Nuclear Material Accounting and Control Scheme[2]
Since the sensitivity and reliability of existing nuclear material measurement methods cannot meet the need to detect timely diversion of 1SQ separated plutonium or abuse of commercial spent fuel reprocessing plants, additional safeguards must be adopted to strengthen accounting verification activities so as to confirm that "operations are consistent with declarations". IAEA adopted the concepts and methods of near-real-time accountancy(NRTA), uninterrupted inspection, process monitoring, flow chart verification of Pu and on-site analysis laboratory (OSL) for RRP safeguard and supervision scheme.

3.conclusion and suggestions
3.1 The accounting and control of nuclear materials should meet various requirements
Accounting and control of nuclear material at commercial spent fuel reprocessing plants is not only necessary to meet obligations of domestic regulations, but also is an important part of plant operation and process control. It has important significance to support nuclear security, nuclear safety, management of nuclear materials, radioactive waste disposal, etc.Accounting and control of nuclear materials is also an essential link in supporting the implementation of bilateral agreements or multilateral international obligations if the spent-fuel reprocessing plant project involves bilateral international nuclear cooperation agreements or the international nuclear non-proliferation regime. Therefore, nuclear material accounting and control programs for commercial spent fuel reprocessing plants should take into account the domestic regulatory system and international obligations, as well as the requirements for plant operation and process control.
Due to China's nuclear material control regulations on nuclear material accounting and control and international nuclear safeguards are not the same,careful analysis and evaluation are needed in the process of learning from foreign experience.We need to select those nuclear material accounting and control technologies and methods that can not only meet the requirements of our laws and regulations, but also apply to the specific conditions of our reprocessing plants to achieve high cost effect.

3.2The technology is complex and the need for resources should not be underestimated
The process of commercial spent fuel reprocessing plants is complex and nuclear materials are widely distributed in the spent fuel receiving and storage area,the first terminal area, the chemical main process area, the MOX conversion area, the MOX product storage area and the waste treatment and storage area.Nuclear materials in the running process of are not only remained in chemical main process area ,dozens material tanks of the waste disposal area and the glove box of MOX transition area, need to use the online system for continuous measurement and monitoring, but also are remainde in the pipeline ,sampler, pulsed extraction column ,mixer settler and evaporator, cannot be directly measured, needs to be simulated according to the engineering design parameters and process thermal test results , or need to use the same or simulated tank calibration data and other indirect methods to calculate.In addition, fuel consumption measurement of spent fuel assemblies is not only important for assessing the transmitter-receiver difference, but also a reliable basis for estimating the radioactive activity of spent fuel solution.The use of non-destructive analysis equipment to measure the amount of uranium and plutonium in the waste is required before treatment of high - and low-emission liquids into unrecoverable waste or discharge standards can be met.Separated plutonium or MOX products produced in reprocessing plants are highly proliferation-sensitive and require radioactive monitoring devices or containment to monitor their transfer and storage within the plant.These radioactive monitoring devices or containment monitoring systems often need to be tailored to specific processes and storage environment.

Therefore, effective accounting and control of nuclear materials for commercial spent fuel reprocessing plants is not only technically difficult and requires large number of equipment, but also requires considerable resources for their design, construction, operation and maintenance.

3.3 Near-real-time accountancy and on-line monitoring are the key technologies

The concept of near-real-time accountancy is widely used abroad as the basis of nuclear material accounting and control in commercial spent fuel reprocessing plants.However, due to the characteristics of the process and the limitations of the sampling and analysis system, it is still difficult to sample and analyze many canisters simultaneously.

Therefore, the establishment of a complete process on-line nuclear material measurement and monitoring system, combined with advanced automatic sampling and field sample analysis, can gradually realize the control of nuclear material flow and stock data at any point of process of spent fuel reprocessing plant at any time, and achieve the goal of near-real-time accountancy.

3.4 Nuclear material accounting and control measures should be integrated into the overall design requirements of the project to achieve three simultaneously
Online nuclear material measurement and monitoring systems often consist of dozens of measurement and monitoring systems and dozens of camera monitoring systems, some of which may be unattended.These systems are technically complex, highly automated with a wide variety of data, therefore high reliability, robustness and sensitivity are necessary for applications in highly corrosive and highly radioactive environments in spent fuel reprocessing plants.These systems not only cost a lot of money, but also require a large number of technicians to prepare the design requirements for installation, debugging, operation and maintenance.
Once insufficient consideration in the design stage, resulting in future rectification, It wastes resources and often fails to meet the required functional objectives.Therefore, the engineering design unit and the research and development unit of the factory should consider the nuclear material accounting and control plan as a whole in the design stage of the plant to get design, construct and operate simultaneously .Preparations should be made to ensure the develepment successfully of the application and review of nuclear material licenses for commercial spent fuel reprocessing plants.For example, in reviewing the preliminary design of the design baseline threat and physical protection system, the basic design requirements and preliminary design of the accounting and control of nuclear materials were reviewed simultaneously.
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