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Abstract
Lately, due to massive accumulation of spent fuel discharged from light water reactors in Japan, it is

gradually demanded to introduce the so-called burnup credit methodology into criticality safety design for
nuclear fuel cycle facilities, such as spent fuel storage pools and transport casks. In order to save space in the
spent fuel storage pool of the Rokkasho Reprocessing Plant, the burnup credit design has been firstly
implemented for its criticality safety evaluation. Here, its design conditions and operational control procedures
are briefly shown and research using burned fuel at JAERI is explained to support its licensing safety review,
focusing on the relevant content of the Nuclear Criticality Safety Handbook of Japan, which has been prepared so
far and planned in the near future. Finally, international co-operation for study on burnup credit issues practiced
by JAERI is addressed.

1. INTRODUCTION

Since light water reactors (LWR) now provide an important share of the electric power supply
and will continue to be utilized in the future in Japan, the nuclear fuel is expected to be used for long
duration basically from an economical point of view. As a consequence, a higher initial 235U
enrichment is currently required in the nuclear fuel fabrication specification to realize higher fuel
burnup.

Traditionally, in the criticality safety design of spent fuel (SF) storage and transportation (S/T)
casks or facilities, the fuel is usually assumed to be at its full initial enrichment (so called fresh fuel
assumption) to provide a large safety allowance, which is sometimes excessively given, for example,
requiring unnecessarily large space between fuel assemblies. The burnup credit taken for criticality
safety design is firstly implemented to the SF Storage Rack of Rokkasho Reprocessing Facility, which
is completed and expected for operation soon. Except for that, no burnup credit has been taken in
criticality safety design for SF S/T casks or intermediate storage facilities in Japan.

Since in the near future it is considered inevitable to handle spent fuel massively, it is desired to
implement the rational S/T design saving safety and economy by taking into account the fuel burnup
in the criticality safety control. Computer codes and data which are vital to assess criticality safety in
the design stage of nuclear fuel cycle facility have been developed and prepared to constitute a
Japanese criticality safety handbook at JAERI.

2. PRESENT STATUS OF BURNUP CREDIT IMPLEMENTED

According to the report written by the Electric Utility Industry Council, a government advisory
organization, nuclear power generation capacity is about 45 GWe and the cumulative amount of
generated SF is some 13,600 tU (12,300 tU from LWRs and 1,200 tU from Gas Cooled Reactors
(GCR) as of the end of August 1997. Some 7,800 tU of the SF have been shipped to reprocessing
plants (some 6,800 tU to overseas and the rest to Tokai Reprocessing Plant). Therefore the total
amount of spent fuel stored in nuclear power station pools is some 5,800 tU as of the end of March
1997.
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The available capacity for spent fuel storage at LWR sites is some 9,920 tU, and its expansion
at the reactor sites has been carried out by alternation of racks in existing storage pools (re-racking),
common use of pools at the reactor site, building additional pools or dry-cask storage facilities
without virtue of the burnup credit concept. As for SF transport casks, the design incorporating
neutron absorbers as basket materials has been practiced with the fresh-fuel assumption to fill up SF
assemblies inside the cask.

The critical ity safety design of the Rokkasho Reprocessing Plant Spent Fuel Storage Racks is
the first case to incorporate the burnup credit concept. The practices implemented for the plant design
are as follow:

• Burnup Control for the Spent Fuel Storage Racks
In general, the residual uranium enrichment could be less than 2.0 wt.% for SF
discharged from light water reactors, the main racks have been designed so as to accept
SF after ensuring that the enrichment is less than 2.0 wt % with the assembly average
fuel burnup measured by a burnup monitor. The capacity of the racks is for 8,500 BWR
and 3,500 PWR SF assemblies (about 3,000 tU).

• Assumptions Made for the Criticality Safety Assessment for the Rack Design
- Residual uranium enrichment: 2 wt.%
- Plutonium content: calculated for the maximum assumed burnup
- Axial distribution of uranium enrichment: uniform
- Fission products: not considered

3. RESEARCH USING BURNED FUEL

Under the auspices of Science and Technology Agency (STA) of Japan, JAERI has conducted a
new research project since 1994, in which some SF assemblies discharged from Japanese LWRs have
been measured by nondestructive and destructive methods so that their burnup and nuclide
composition data are obtained and correlated. Subsequently, burnup analysis computer codes are
validated with these experiment data. A combination of standard codes for criticality, shielding and
thermal analyses have been arranged and the analyzed results are studied in comparison with
corresponding safety criteria in applying to the pragmatic S/T cask design by taking into account the
burnup credit concept.

3.1. Nondestructive and Destructive Measurements of Spent Fuel

In order to conduct a rational assessment for criticality, shielding and thermal analyses for SF
S/T casks, it is required to use accurate burnup data with corresponding nuclide composition
including transuranium (TRU) isotopes and fission products (FP). These data are especially important
for verification of burnup analysis codes. The following procedures are established to obtain the
measured data:

• Some 100 points along the longitudinal axis of a spent fuel rod are selected and gamma
scanned nondestructively to assess burnup distribution.

• The spent fuel rod is sliced in five positions along the whole length and destructively
analyzed for their nuclide composition. After dissolution and chemical separation of each
specimen, TRU isotopes (uranium, plutonium, neptunium, americium and curium) and
FP (neodium, gadolinium, samarium and other gamma radioactive nuclides) are
measured with respect to their mass content and isotopic composition. The burnup
evaluation is done by mass spectrometry and alpha/gamma radiochemical analyses.

Subsequently, a correlation between burnup and a particular FP gamma radioactivity ratio such
as 134Cs/!37Cs is obtained as shown in Fig. 1. This correlation is useful for the development of a
burnup monitor as well as for computer code validation.
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3.2. Validation of Burnup Analysis Codes

Standard problems have been established based on the aforementioned Post Irradiation
Examination (PIE) data and with the reactor operation history data given. These standard problems
are used to validate the burnup codes utilized in Japan such as the ORIGEN2.1 code and the SWAT
code system developed at JAERI.

3.3. Comprehensive Safety Evaluation System for Cask Design

As the burnup of nuclear fuel increases, both the heat generation and the radioactivity of the
spent fuel assembly increase as well, which is due to the accumulation of minor actinides such as
232U, 237Np, 238Pu, 242Cm. Accordingly, not only criticality but also thermal and shielding
considerations have to be addressed for safety designs of SF S/T. In this context, a comprehensive
safety evaluation system consisting of standard computer codes for criticality, thermal and shielding
analyses is developed at JAERI to find an optimum point of design conditions with sufficient and
balanced margins to ensure various safety aspects.

4. PREPARATION OF THE NUCLEAR CRITICALITY SAFETY HANDBOOK OF JAPAN

The Nuclear Criticality Safety Handbook of Japan was edited and published by STA in 1988,
and its English translation was issued in 1995. Supplemental work were conducted since its first
publication and the results were published as a JAERI report titled the Supplement Report to the
Nuclear Criticality Safety Handbook of Japan. In this supplement, actinide nuclide compositions are
taken from the open literature reporting PIE of spent fuel from light water reactors and arranged in a
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simple diagram such as Fig. 2 in order to give recommended values for criticality safety evaluation of
high burnup fuel systems. The second version of the handbook will be published at the end of 1997
fiscal year with useful data and information on burnup credit such as the selected FP isotopes to be
considered. Axial burnup profile effect is important for criticality safety evaluation of high burnup
fuel systems as shown in Fig. 3.

In the near future, a national policy will be implemented for utilizing mixed oxide fuel (MOX)
consisting of uranium dioxide and plutonium dioxide in many conventional LWRs. The nuclide
composition data for the spent MOX fuel are no less important than those for the spent UO2 fuel, and
have been so far accumulated by an international cooperation with the Actinides Research In A
Nuclear Element (ARIANE) project. These MOX spent fuel nuclide composition data will be used for
validation of the burnup codes. These codes will be used in the burnup credit design for S/T systems
of MOX spent fuel assemblies irradiated in LWRs.

5. INTERNATIONAL COOPERATION FOR STUDY ON BURNUP CREDIT ISSUES

There are several working groups active in the Organization for Economic Co-operation and
Development / Nuclear Energy Agency (OECD/NEA) which promotes international understanding in
the field of nuclear criticality safety. The ICSBEP (International Criticality Safety Benchmark
Evaluation Project), is carried out by one working group. Its purpose is to provide the nuclear
industry with qualified benchmark data-sets by collecting criticality experiment data mainly from US-
DOE national laboratories, rigorously reviewing the data and information, adding supplemental data,
and collating in a consistent format. The Criticality Safety Benchmark Working Group is another
working group, which focuses on an effort to establish the validity of computational methods
applicable to the so-called burnup credit design for SF S/T. Currently, examination of PWR fuel
benchmark calculation results contributed by many member organizations is almost complete and thus
the focus is now shifting toward the analysis of BWR fuel benchmark results. Recently, a Working
Party for Nuclear Criticality Safety has been set up to review aforementioned activities of technical
issues concerning away-from-reactor criticality safety and to provide guidance and overall
coordination for these activities.

JAERI has ardently considered to contribute to these international activities with the
accumulated useful information and data. Reciprocally, the results obtained by the international
cooperation have been incorporated into the Criticality Safety Handbook of Japan to be utilized for
criticality safety design of SF management for S/T.
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