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Abstract

The work programme regarding nuclear fuel behaviour issues at OECD/NEA is carried out in two
sections. The Nuclear Science and Data Bank Division deals with basic phenomena in fuel behaviour
under normal operating conditions, while the Safety Division concentrates upon regulation and safety-
issues in fuel behaviour. A new task force addressing these latter issues has been set up and will
produce a report providing recommendations in this field. The OECD Nuclear Energy Agency jointly
with the International Atomic Energy Agency established an International Fuel Performance
Experiments Database which is operated by the NEA Data Bank.



Introduction

The work in the field of fuel behaviour is carried out in two parts of the Agency and is sponsored
by three different standing NEA Committees:

• Nuclear Safety Division

- Committee on the Safety of Nuclear Installations (CSNI)

- Committee on Nuclear Regulatory Activities (CNRA)

• Nuclear Science Section and Data Bank

- Nuclear Science Committee (NSC)

The Nuclear Safety Division carries out work on safety aspects of fuel behaviour following
requests made by regulators, while the Nuclear Science Section concentrates on scientific issues relative
to the basic underlying phenomena of fuel behaviour. The major effort at the Data Bank goes into
developing and maintaining the "International Fuel Performance Experiments Database" (IFPE) in
co-operation with the IAEA.

The IFE/OECD Halden Reactor Project, a major player in fuel behaviour studies, has an
independent programme, but co-ordination with NEA is in place.

The IAEA is represented and provides input to all OECD/NEA Committees dealing with fuel
behaviour issues.

Work at the Safety Division

A CSNI Task Force on behaviour of high burn-up fuel under Reactivity Initiated Accident
Conditions has collected in the past three years the information available in that area. Analysis and
operating experience show that the performance of high bum-up fuel seems to be acceptable
under normal operating conditions. However, the behaviour of the fuel under transient
conditions, in particular during reactivity initiated accidents (RIA), requires careful consideration.
Experimental programmes performed in the CABRI test reactor (France) and in the Nuclear Safety
Research Reactor (NSRR, Japan) appear to indicate that cladding failures and fuel dispersion of high
burn-up fuel may occur at enthalpy values lower than previously estimated.

An ad-hoc group met in May 1996 to address the issue of high burn-up fuel behaviour during RIA.
Additional information is needed before final recommendations can be made, especially regarding
the capabilities of the CABRI facility. The Group endorses and recommends that an international
project be established to study the issue and to resolve the remaining uncertainties in this area.
It is planned to draft a position paper on this subject. Also, at the request of the CSNI, the Group
is reviewing a more general problem of degraded fuel behaviour during transients and under accident
conditions. The establishment of a Task Force has been proposed (at the basic technical level) on safety
aspects of new design and new management of various fuel designs. The first meeting will be held
on 19-20 June 1997.



Following concerns expressed by the CNRA about erosion of fuel safety margins, CSNI sponsored
a meeting in Madrid (1996) to collect the available related operating experience. It then established
a Task Group to investigate, at a basic technical level, these safety concerns. These concerns were
spelled out in a joint CSNI/CNRA statement issued in January 1997 and enclosed as Annex 1.

The OECD/NEA has published "Nuclear Safety Research in OECD Countries - Areas of
Agreement, Areas for Further Action, Increasing Need for Collaboration".

The fuel behaviour under transient and accidental conditions is discussed in the frame of the
general trend towards increasing the mean fuel burn-up in LWRs beyond 50 MWd/kg. Among the
research areas of particular importance for safety and regulation the following are identified:

• Fuel damage limit at high bum-up: Various fuel damage limits are used to ensure cladding
integrity (AOOs), to determine radiological releases (DBAs), and to ensure core coolability
(DBAs); some of these limits are affected by high bum-up.

• Computer codes for fuel behaviour at high bum-up: Changes in radial power distribution,
gas release, and thermal properties are not described well in most codes and will affect stored
energy and other initial conditions for transient analysis.

Among the safety research areas for which a common technical position exists the following
are cited:

• Steady-state fuel behaviour data at high bum-up from the IFE/OECD Halden Reactor Project
and other sources are being used by many governments and companies to improve models and
correlations in computer codes.

• Cladding failure thresholds for reactivity transients related to ductility losses from fluence and
hydrogen uptake appear to be lower according to recent results from France (CABRI)
and Japan (NSRR).

The list of safety research areas for which further discussion is needed to achieve a common
position includes:

• The consequences of lower failure thresholds may be limited by less onerous fuel duty,
and current licensing margins may be sufficient.

• The significance of fuel dispersal at low energies has not been determined for the loss of fine
fuel particles observed in reactivity tests.

• LOCA coolability limits: Reduced ductility and large accumulation of oxygen (and hydrogen)
during normal operation raise questions that have not yet been fully addressed in relation
to current licensing limits.

• Specified acceptable fuel design limits (SAFDLs). The commonly used 1% strain limit may not
be adequate for fuel at high bum-up with reduced cladding ductility; little discussion has been
held on this subject.



Priority should be assigned to safety research in fuel damage limits at high burn-up. These should
be established for the entire range up to high burn-up. Limits should be based upon appropriate
parameters to ensure fuel integrity (i.e. enthalpy, DNB, cladding oxidation) and should consider the full
range of possible transients, including reactivity insertion and LOCAs.

A first meeting on the "Investigation of High Burn-up Fuel Under Reactivity Initiated Accident
Conditions" was held in Paris on 11-12 March 1997. It was attended by experts from 14 countries
and chaired by C. Vitanza, HRP manager. There appeared to be a general need for more representative
tests, especially in a facility with the power pulse shape and amplitude typical of a power reactor,
and with a pressurised water loop. At this meeting the IPSN (France) proposal for establishing
an OECD Project was discussed and the preparation of a draft agreement was endorsed.

Work at the Nuclear Science Section and Data Bank

The Task Force on Scientific Issues of Fuel Behaviour reporting to the Nuclear Science Committee
(NSC) has, since the last meeting of the IWGFPT, concentrated work on establishing the "International
Fuel Performance Experiments Database" (IFPE) in co-operation with the IAEA (see Annex 2).

The Task Force met in June 1996 in Halden under the chairmanship of C. Vitanza, HRP manager.
The major topic for discussion concerned the building of a sound and internationally approved fuel
behaviour experiments database. This database contributes to the improvement of fuel performance
models as well as their predictive power for burn-ups and fuels for which experimental data is scarce or
not yet available.

Data is first compiled in a standard form: a descriptive part including the purpose of the
experiment and the scope of the data obtained (called summary file), a quality assurance report,
an index file with a brief description of file contents, pre-characterisation data, irradiation histories,
in-pile data and PIE data. The original reports including the graphs are scanned electronically and are
included in the database as the archive from which the data was derived; users, when needed, thus have
hands-on access to the full documents. These compilations are then peer reviewed, corrected and finally
packaged and distributed upon request on diskettes and CD-ROMs.

At present, data for 224 rods have been assembled from various sources encompassing PWR,
BWR and WWER reactor systems (see Table 1).

Further data for 96 rods from the Studsvik RAMP programmes have been released and are in the
process of being compiled.

The data sets compiled so far have been used to update FRAPC0N6. Some of the data sets have
been used in the IAEA FUMEX comparison exercises and in connection with TRANSURANUS.

At the 1997 International Topical Meeting on LWR Fuel Performance, Portland, Oregon, the
following paper was presented:

P.M. Chantoin, E. Sartori, J.A. Turnbull: "The Compilation of a Public Domain Database
on Nuclear Fuel Performance for the Purpose of Code Development and Validation".

An updated version (May 1997) has been prepared and is distributed at this meeting. This paper
provides more detailed information on the IFPE Project.



Great interest was shown by participants in the IFPE Projects. Producers of fuel performance
experiments data were approached and the release of additional data sets has been promised. So far data
relative to the standard product UOX with Zr cladding has been assembled and a first version of the
IFPE will maintain focus on this.

Organisations having expressed their willingness to release further data are: IFE/OECD HRP,
CEA/FRAMATOME, US DoE/CE, AECL Canada, ECN-Petten The Netherlands, CIAE China
and INR Pitesti, Rumania.

During 1996 157 requests for data from IFPE were satisfied, with the condition that users peer
review them or provide feedback from their use.

At the June 1996 meeting of the NSC Task Force, P. Chantoin, then Secretary of the IWGFPT,
suggested that following one of the recommendations emerging from the FUMEX exercise
an International Seminar on "Thermal Performance of Nuclear Fuel" be held. This initiative was
endorsed by the Bureau of the NSC in December 1996. Itwas stressed that such a seminar should
be held in co-operation with the IAEA. CEA Cadarache has in the meantime offered to host the seminar
at the end of 1997/beginning of 1998. It is planned to hold the NSC Task Force meeting in conjunction
with this seminar in order to review the status of IFPE and decide further actions that may lead to an
increase in the number of experiments stored in the database.

The NEA Data Bank in addition acquires, tests and distributes computer codes for fuel
performance modelling that are placed in the public domain. These codes together with the database
form a coherent ensemble of tools for fuel behaviour modelling activities.

The 28 computer programmes distributed by the NEA Data Bank relevant for fuel behaviour
studies are enclosed in a separate list.

Table 1.

Source
Halden Reactor Project
Riso-2 Transient FGR Project
Rise-3 FGR Project
High Bum-up Effects Programme
KOLA-3
Tribulation
SOFIT

Inter RAMP
Total assembled
Demo RAMP I
Demo RAMP II
Over RAMP
Super RAMP

Grand Total

Number of rods
29
15
16
81
32
19
12
20

224
5
8

39
44

320



ANNEX 1

Statement of the CSNI and the CNRA on Fuel Performance and Safety Margins

Over the past several years, there has been much interest in improving the performance of nuclear
fuel. Work has been performed to develop new cladding materials, new fuel designs and manufacturing
processes intended to improve reliability and safety, allow higher burn-up and longer fuel cycles, and
support the use of MOX fuels.

Some of these new designs are currently being used in reactors and others are planned for use
in the short term. However, in some cases, these new designs raise safety and regulatory concerns that
need to be addressed. These concerns involve the fuel safety margins under accident conditions as well
as the possible impact of fuel behaviour on the performance of safety systems (e.g. hindering control rod
insertion). In particular, there is concern over the cumulative effect of many "minor" changes, each
of which has been deemed too small to warrant suitable research and qualification programmes.
These concerns were discussed by the CNRA and the CSNI at their 1996 annual meetings.

As part of their responsibilities to ensure that criteria are developed and limits are specified
to assure the safety of reactor operations, some regulatory bodies and/or their technical support
organisations in OECD countries are sponsoring or developing a number of fuel research programmes
addressing fuel behaviour under normal, transient and accident conditions, such that sufficient
independent data are available to support regulation. However, ultimately the responsibility for
developing an adequate safety case for introducing optimised or new fuel designs rests with the industry.
Accordingly, the CNRA and the CSNI support co-operation with the nuclear industry and encourage the
nuclear industry to take a more active role in developing the experimental and analytical bases
to support their proposals for new fuel designs and extended reactor operation. Issues related to cases
with a mix of fuel designs should also be addressed. A more active role implies the sponsoring
of adequate qualification programmes to demonstrate the performance of fuel under normal, transient
and accident conditions, the sharing of relevant information with, and the submission of well supported
safety cases to regulatory bodies and their technical support organisations.

Regulatory bodies will review the adequacy of safety criteria for these new designs based upon
available information, thus it is in the interest of the nuclear industry to ensure sufficient information
is available to support achieving the fuel performance goals desired.



ANNEX 2

OECD/NEA Nuclear Science Committee (NSC)
Task Force on Scientific Issues of Fuel Behaviour (TFSFB)

Revised SCOPE and OBJECTIVES

Scope

The task force will deal with the status and trends of scientific issues of fuel behaviour.

Objectives

• Encourage and monitor work in Member countries that is identified as being of highest priority
concerning the basic underlying phenomena of fuel behaviour under normal operating conditions.

• Co-ordinate the development of an international database with fuel behaviour experiments;
take initiatives so that it may be adopted as an international standard.

• Co-ordinate computer code validation and benchmark studies.

Work Plan

• Co-ordination meetings will be held once per year.

• The database will be set up during a period of three years.

• Experts' meetings will be held as needed to address high priority issues for validating modelling
of phenomena of particular concern.

Co-operation: This activity will be carried out in co-ordination with the IAEA.

Duration: 3 years.

Drafted: 18 May 1995
Approved: 31 May 1995 byNEA NSC



ANNEX 3

List of OECD/NEA Reports Relevant to Fuel Behaviour Issues

"Scientific Issues in Fuel Behaviour," OECD, IBSN 92-64-14420-X (1995).

T. Tumbull: "Review of Nuclear Fuel Experimental Data," OECD, IBSN 92-64-14422-6 (1995).

P.M. Chantoin, E. Sartori, J.A. Tumbull: "The Compilation of a Public Domain Database on Nuclear
Fuel Performance for the Purpose of Code Development and Validation," Proc. Intl. Topical Meeting on
LWR Fuel Performance, Portland, Oregon, 2-6 March 1997, pp. 515-522.

Proc. of the CSNI Specialists' Meeting on "Transient Behaviour of High Bum-up Fuel,"
12-14 September 1995, NEA/CSNI/R(95)22, OCDE/GD(96)197.

Status Report prepared by an ad hoc Group of the Principal Working Group on Coolant System
Behaviour (PWG-2) on 'Transient Behaviour of High Burn-up Fuel," NEA/CSNI/R(96)23,
OCDE/GD(96)196.

Nuclear Safety Research in OECD Countries - Areas for Further Action, Increasing Need for
Collaboration," ISBN 92-64-15336-5 (1996).

Summary Record of the First Meeting on the Investigation of High Burn-up Fuel Under Reactivity
Initiated Accident Conditions; IPSN proposal for an OECD Project. NEA/SEN/SIN(97)1,
28 April 1997.



List of Fuel Behaviour Computer Programmes Distributed by the NEA Data Bank

May 1997

Name Description

ANSCLAD-1 I creep strain in fuel pin zircaloy clad during temperature transient

CANSWEL-2 I cladding creep deformation of PWR during LOCA

COMET I mechanical and thermal stress in fuel element clad

COMTA ! ceramic fuel element stress analysis
- : •

COVE-l I time-dependent temperature, pressure, n_flux creep deformation in fuel elem. clad

EMUS j evaluation code of LWR fuel performance at normal operating conditions

FAMREC I PWR lateral mech fuel rod assembly response

FASTGRASS j gaseous fission product release in UO2 fuel

FEMAXI-4 I thermal and mechanical behaviour of LWR fuel rods

FRANCO \ FEM fuel rod analysis for solid and annular configurations

FRAPCON2 I steady-state LWR oxide fuel element behaviour, fission product gas release

FRAP-T6 j temperature and pressure in oxide fuel element during LWR LOCA and accidents

FRETA-B I LWR fuel rod bundle behaviour during LOCA

GAPC0N-THERMAL3 j fuel rod steady-state and transient therm_behaviour, stress_analysis
•> •"• -̂

GIRAFFE j isotope release analysis in LMFBR fuel element failure

GTR2 GAPCON-THERMAL2 \ steady-state fuel rod thermal behaviour and fission product gas release

LIFE-1 I stress analysis swelling and performance of cylindrical fuel elements in fast reactors

LIFE4.REV0 j fast reactor mixed oxide fuel pin thermal and mechanical response

MABEL-2 I cladding; deformation in PWR fuel rods during LOCA

MARGE SLUMP j radial temperature distribution and void diameter, mixed oxide LMFBR fuel pin

MOXY-MOD32 I thermal analysis swelling and rupture of BWR fuel elements during LOCA, ECCS

PCON \ fuel-pin failure anal pellet contact

PIN PIN-MICRO I steady-state thermal behaviour of LWR oxide fuel element

PRECIP-2 i zircaloy cladding oxidation simulation for LWR under LOCA conditions

SHOSPA-MOD 1 hot spot factors for fuel and clad, hot channel factors

SPAGAF j PWR fuel, cladding behaviour with fission product gas release

STOFFEL-1 ! steady-state in-pile behaviour of ICO cooled oxide fuel rod

SSYST ! modular system for transient fuel rod behaviour under accident condition

NEXT PAQE(S)
left CLANK


