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1. Introduction 

The IAEA has a responsibility to support Member 
States in introducing and promoting the use of  
nuclear energy for sustainable energy develop-
ment. This responsibility is carried out through a 
major programme covering Nuclear Power, the 
Fuel Cycle, Analysis for Sustainable Energy De-
velopment (now to include Knowledge Mainte-
nance) and Nuclear Science. 

This programme is subdivided into its four 
parts, and in particular, Programme B deals with 
the Nuclear Fuel Cycle and Materials Technology. 
There is a broad spectrum of needs in different 
Member States, ranging from those with just one 
part of the fuel cycle, such as uranium mining, to a 
small number with a full range of fuel cycle ser-
vices. Recently attention has been focussed on the 
sustainable development of nuclear power. There 
are various issues in the nuclear fuel cycle affect-
ing sustainability, such as: incidents caused by 
facility operation with insufficiently trained or unmo-
tivated staff; increasing environmental burdens 
caused by some mining/milling operations; poten-
tial proliferation risks from civil plutonium utiliza-
tion; and differences in fuel technology standards 
between Member States operating nuclear power 
plant with different designs. In addition, there are 
political or social issues such as delays in the de-
ployment of spent fuel repositories leading to in-
creasing volumes of spent fuel for storage and pro-
longation of interim storage. These issues tend to 
devitalise not only nuclear fuel cycle activities, but 
also the whole of the nuclear power industry 
through eroded public confidence in nuclear 
power. Programme B of the Agency is designed to 
address these issues by contributing to the sus-
tainable development of nuclear power. 

The Division of Nuclear Fuel Cycle and Waste 
Technology is responsible for formulating and im-
plementing the Agency's nuclear fuel cycle and 
waste management related activities. The activities 
are mainly in two parts: safe, secure, environmen-
tally sound and cost effective nuclear fuel cycle 
activities associated with nuclear power and re-
search reactors; and waste management strate-
gies and technologies associated with all activities 
that generate radioactive waste, decommissioning 
of nuclear facilities and remediation of contami-
nated sites. The Nuclear Fuel Cycle and Materials 
Section (NFC&MS) is part of the Nuclear Fuel Cy-

cle and Waste Technology Division, and it special-
ises in all aspects of nuclear fuel cycle work. 

 
 

2. Programme B: Nuclear Fuel Cycle 

The IAEA programme in the area of nuclear fuel 
technology and performance is oriented to assist 
both developed countries in finding solutions of key 
fuel performance issues (through exchange of in-
formation) and developing countries, through har-
monization of western and eastern approaches in 
fuel technology, performance and utilization and 
transfer of technical knowledge. 

The IAEA Nuclear Fuel Cycle Programme, des-
ignated as Programme B, has the main objective 
of supporting Member States in policy making, 
strategic planning, developing technology and ad-
dressing issues with respect to safe, reliable, eco-
nomically efficient, proliferation resistant and envi-
ronmentally sound nuclear fuel cycle. The pro-
gramme comprises four sub-programmes to cover 
the entire nuclear fuel cycle. 
• Sub-programme B.1: Uranium Production Cycle 

and Environment; 
• Sub-programme B.2: Nuclear Fuel Perform-

ance and Technology; 
• Sub-programme B.3: Spent Fuel Management; 
• Sub-programme B.4: Nuclear Fuel Cycle Issues 

and Information Systems. 
Sub-programme B.1 addresses issues of uranium 
production, uranium requirements and preventive 
measures to reduce impacts on the environment. 
Sub-programme B.2 is to improve in-pile fuel per-
formance and management of materials, and to de-
velop advanced fuel technologies. Sub-programme 
B.3 is designed to promote safe and efficient spent 
fuel management by identifying problems in spent 
fuel management and by applying information and 
guidance provided by the IAEA for problem solution. 
Sub-programme B.4 is to address the development 
of advanced and innovative technologies for nuclear 
fuel cycles, to solve issues emerging in nuclear fuel 
cycle activities and to develop computer databases 
and models. These sub-programmes each contain 
two or three projects composed of a number of ele-
mental activities. 

The Nuclear Fuel Cycle and Materials Section 
is organized into five units to implement these ac-
tivities. There are four units to cover the four sub-
programmes of the Agency's Programme B for the 
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2002-2003 budget cycle. The fifth unit is con-
cerned with fuel cycle activities for research reac-
tors. This paper will concentrate on describing the 
work within Sub-programme B.2, Fuel Perform-
ance and Technology. 

 
2.1. Technical Working Groups 

Technical Working Groups (TWGs) are standing 
committees are established to support the 
Agency's efforts to assist its Member States in 
their nuclear fuel cycle activities by providing an 
international cooperation tool. Two TWGs assist in 
the preparation of the IAEA programme in the nu-
clear fuel cycle area.  

The Technical Working Group on Water Reac-
tor Fuel Performance and Technology (TWGFPT) 
was set up in 1976 and now consists of experts 
from 26 Member States and two international or-
ganizations that produce nuclear fuel, operate 
power reactors that use water as a moderator and 
coolant and/or carry out or co-ordinate related 
studies. A number of states not members of the 
TWG also directly participate in its work. It focuses 
on the design and performance of nuclear fuel, fuel 
assemblies and associated core components, e.g. 
control rods, and processes and phenomena e.g. 
activity transport and coolant chemistry. 

The TWGFPT exists for the mutual benefit of its 
members and Member States to assist the IAEA in 
better co-ordination and promotion of international 
co-operation in the area of nuclear fuel perform-
ance and technology. TWGFPT provides the only 
vehicle for advice and support from official repre-
sentatives of Member States that is sustained and 
consistent throughout the periods involved in plan-
ning and executing the Agency’s programmes. The 
members of the TWGFPT are accountable for the 
advice they give since, upon return to their respec-
tive countries, they take action to ensure that the 
proposed activities are supported by resources in 
their countries, and they assist in facilitating the 
conduct of the activities. 

This group meets annually and recent meetings 
in May 2002 and May 2003 have supported the 
work carried out in Programme B. 

The Technical Working Group on Nuclear Fuel 
Cycle Options (TWGNFCO), the second TWG, is a 
merged group of the previous Regular Advisory 
Group on Spent Fuel Management and Technical 
Working Group on Nuclear Fuel Cycle Options. The 
two former groups were merged in 2002. The first 
meeting of newly formed TWGNFCO was held in 
Vienna in July 2002 with participation of 15 member 
countries and 3 international organizations. 

The TWGNFCO deals with the back-end fuel 
cycle policies and strategies to which first priority is 
given in the Agency's medium term strategy in re-
gard to nuclear energy: 
• Spent fuel management; 

• Fuel cycle options and relevant issues; 
• Nuclear material management.  
The work of the both these Technical Working 
Groups is supported by the Nuclear Fuel Cycle 
and Materials Section. 

 
 

3. Sub-Programme B.2:  
Fuel Performance and Technology 

3.1. Programme Description 

The sub-programme B.2 involves those Member 
States that manufacture and/or use fuel in Nuclear 
Power Plants and those conducting R&D activities 
in materials development area (more than 40 
countries). 

The activities of the Unit within the NFC&MS 
working on Fuel Performance and Technology are 
given, based on the sub-programme structure of the 
Agency's programme and budget for 2002-2003: 
• B.2.01: Assisting in Evaluation and Reduction 

of Core and Primary Circuit Materials Degrada-
tion in NPPs; 

• B.2.02: Promoting Good Fuel Performance in 
Operating Nuclear Power Plants; 

• B.2.03: Harmonizing Fuel Qualities and Utiliza-
tion and Promoting Advanced Technologies for 
Power Reactor Fuel. 

The objectives of the three projects are: 
• Project B.2.01: To maintain and improve in-pile 

characteristics of fuel, core and primary circuit 
components for ensuring nuclear fuel cycle. To 
increase understanding of the mechanisms of 
irradiation-assisted degradation of properties 
and characteristics of these materials, taking 
into account environmental in which they oper-
ate (coolant chemistry, hydrogen, etc). 

• Project B.2.02: To understand, maintain and im-
prove in-pile characteristics of UO2 and MOX fu-
els and fuel performance codes for ensuring nu-
clear fuel cycle. To assist countries embarking in 
nuclear power and countries operating Russian 
design reactors in validation and improvement 
their national fuel performance codes. 

• Project B.2.03: To unify and transfer critical 
methodologies in water reactor fuel quality as-
surance, control and certification with regard to 
fuel design, fabrication and utilization. To sup-
port advanced technologies for sustainable nu-
clear power development. 

The rationale for the programme is that nuclear 
fuel plays an essential role in ensuring the com-
petitiveness of nuclear energy today and its accep-
tance by the public tomorrow. Fuel should be 
cheap, reliable and robust and operate at high 
burnups, with longer fuel cycles and higher thermal 
rating. With regard to fuel performance, there is a 
need to approach more closely “zero” fuel failures, 
greater operational flexibility and continuous im-
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provement of operating margins for normal, tran-
sient and accident conditions. Member States with 
nuclear power programmes have an interest in the 
reduction of the degradation of core and primary 
circuit materials and better fuel performance and 
modelling. To cope with this, irradiation mecha-
nisms and impact on structural and fuel materials 
are to be studied and new irradiation and corrosion 
resistant materials, advanced fuel designs and 
technologies are to be developed and proposed to 
utilities including those in countries embarking on 
nuclear power and Member States operating reac-
tors of different design. This sub-programme fo-
cuses on exchange of information on material deg-
radation, fuel design, performance and modelling 
in normal, transient and accident conditions and 
advanced fuel, including MOX, and primary coolant 
technologies. It also deals with the transfer of criti-
cal fuel related methodologies and assistance to all 
interested Member States. 

 
3.2. Recent Outputs from Sub-Programme B2 

3.2.1. Coordinated Research Projects 
One of the main ways of achieving the objectives 
of the IAEA is by undertaking the sponsorship of 
international, cooperative research projects, which 
allow for free interchange of knowledge and skills 
between the Member States. These projects typi-
cally last for several years, with interim reporting 
and meetings during that period. 

A study of the delayed hydride cracking (DHC) 
of the zirconium alloys used in pressurized heavy 
water reactors (PHWRs) involving 10 countries 
was completed within the framework of a Coordi-
nated Research Project (CRP). Many of the results 
have been published already in scientific papers 
and the CRP Report is in preparation for publica-
tion. This CRP achieved very effective transfer of 
know-how at the laboratory level in three techno-
logically important areas: 
1. Controlled hydriding of samples to predeter-

mined levels; 
2. Accurate measurement of hydrogen concentra-

tions at the relatively low levels found in pres-
sure tubes and RBMK channel tubes; and 

3. In the determination of DHC rates under vari-
ous conditions of temperature and stress.  

DHC has led to the failure of pressure tubes in 
CANDU reactors and is of serious concern to the 
operators of all PHWRs and may also contribute to 
fuel cladding failure in all types of water-cooled 
reactors. An experimental technique to study short 
sections of fuel cladding tubes was developed by 
one of the participating laboratories and it is antici-
pated that a detailed research programme using 
the technique to elucidate axial slitting of fuel clad-
ding will form the subject of a new follow-up CRP. 
A final report is under preparation. 

The second Research Co-ordination Meeting 

on Data Processing Technologies and Diagnostics 
for Water Chemistry and Corrosion Control in Nu-
clear Power Plants (DAWAC) was held in Prague, 
Czech Republic, from 26 to 29 November 2002 
with participation from 17 organizations from 16 
countries. The project is directed towards devel-
opment of recommendations to NPP operators on 
optimal combination of coolant on-line monitoring 
techniques and off-line laboratory measurements 
to keep corrosion and dose rates at a minimum 
achievable level. It was confirmed that experience 
gained in laboratory tests and campaigns at plants 
should be incorporated into existing data collecting 
and diagnostic systems. Participants concluded 
that emphasis should be given to scaled down, 
Semi-Expert Systems, which are rather cheaper 
and simpler to operate than full scale Expert Sys-
tems. In the area of water chemistry monitoring 
and control, the amount of instrumentation needed 
in the future was discussed. First observations 
have been summarized for different types of reac-
tors (BWRs, PHWRs, PWRs, RBMKs and 
WWERs). With regard to the need for development 
of some new monitoring techniques, such as the Li 
monitor being developed at EdF or a sensor to be 
used directly in a steam generator crevice, a more 
detailed discussion will occur at the next meeting. 

A new CRP has been started on the ‘Improve-
ment of Models used for Fuel Behaviour Simulation’ 
(FUMEX II) to assist Member States in improving 
the predictive capabilities of computer codes used in 
modelling fuel behaviour for extended burnup. This 
project had its first Technical Meeting (TM) held in 
Vienna, from 16 to 19 December 2002. Organiza-
tions from 19 countries, the European Commission 
and the OECD/NEA are participating in this project. 
During the year 2003, the FUMEX 2 project has 
been focussed on the participants from the Member 
States carrying out calculations of fuel performance 
using six key selected test cases.  

3.2.2. Collaborations 
The IAEA collaborates with other organizations in 
the Member States to support activities and meet-
ings on nuclear fuel cycle related topics. In particu-
lar several recent conferences have been sup-
ported with the Agency assisting in the organiza-
tion of the meetings:  
• Water Chemistry in Nuclear Reactor Systems, 

Avignon, April 2002; 
• Characterisation and Quality Control of Nuclear 

Fuels, Hyderabad, December 2002; 
• CANDU Fuel Conference, Canada, September 

2003; 
• WWER Fuel Performance Modelling and Ex-

perimental Support, Albena, September 2003. 
In a collaboration between FUMEX-2 CRP, RIAR 
(Russia), who provided PIE data and VNNINM, 
Russia, who calculated the appropriate power histo-
ries with peer review by INRNI, Bulgaria, more than 
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300 WWER-1000 high burnup fuel rod histories 
were prepared and added to the Joint OECD/NEA – 
IAEA International Fuel Performance Experiment 
(IFPE) Database in 2002. This work is continuing 
throughout 2003 with further high burnup WWER 
rod histories and PIE data to be added to the IFPE 
Database with the same collaborative effort.  

 
3.2.3. Meetings 
Technical meetings are organized by the IAEA to 
bring together experts from the Member States to 
discuss specific issues of mutual interest. Recent 
meetings include: 
• Technical Meeting on the causes and mitigation 

of fuel failures in water reactors, Bratislava, Slo-
vakia, 17-21 June 2002, which analysed fuel per-
formance under present operating conditions; 

• Technical Meeting on Poolside Inspection and 
Repair of Water Reactor Fuel, Rez, Czech Re-
public, 10-13 June 2003. 

A further meeting is due to be held in October 2003: 
• Technical Meeting on Improved Fuel Pellet Ma-

terials and Designs, Brussels, Belgium. 
 

3.2.4. Technical Cooperation Projects 
In conjunction with the Department for Technical 
Cooperation of the IAEA, technical assistance has 
been provided recently for the following projects: 
• Supervision of the delivery of in-mast sipping 

system to Kozloduy NPP, mounting of the de-
vice and testing of sipping and analytical com-
ponents (BUL 4/006); 

• Industrial training of CTSMP staff (Brazil) at U-
Gd fuel fabrication plant, presumably ULBA 
plant in Kazakhstan; provision of equipment for 
hot cells to CTSMP (BRA 4/052, prolongation 
for 2003/2004); 

• Training of staff from newly organized labora-
tory on irradiation devices (Argentina, Ezeiza 
Research Centre) in different centres of Europe 
with experience in test rig design and usage; 
provision of equipment to start design and fab-
rication of test rigs (ARG 4/087); 

• Further support to advanced fuel cycle research 
for Chernavoda NPP Romania (ROM 4/025).  
 

3.2.5. Other Activities 
Preparation of a “Catalogue of PIE Facilities and 
Techniques” (revision of 1996 version) in electronic 
form with its further transformation into a databank 
on the IAEA Website started at Consultancy held in 
Vienna, from 2 to 4 December 2002. During 2003 
activities have included the gathering of information 
from Hot Labs worldwide by distribution of a ques-
tionnaire in the new ACCESS format and develop-
ment of a databank structure. An Intranet trial of the 
catalogue will be undertaken by the end of 2003. 
There will be a consultancy to evaluate a Website 
version of the catalogue in December 2003. 

Assistance has been provided to Nuclear Safety 

Department of the IAEA in the preparation of their 
review of fuel safety criteria and safety margins, 
which has been carried out to provide a comparison 
and evaluation of the fuel safety limits used in PWRs 
and WWERs (to be published). Additional work is 
needed for comparison and recommendation of 
numerical values for safety criteria and margins. 

Preparation for a review on mechanical proper-
ties of Zr-based alloys will start during 2003. 

 
3.2.6. Publications 
Recent publications in the area of fuel cycle per-
formance include: 
• IAEA-TECDOC-1277, Advanced Post-Irradi-

ation Examination Techniques for Water Reac-
tor Fuel; 

• IAEA-TECDOC-1299, Technical and Economic 
Limits to Fuel Burn-up Extension; 

• IAEA-TECDOC-1303, High Temperature On-
Line Monitoring of Water Chemistry and Corro-
sion Control in Water Cooled Power Reactors, 
(basic results of WACOL CRP); 

• IAEA-TECDOC-1320, Fuel Behaviour under 
Transient and LOCA Conditions; 

• V. Onoufriev, Conventional and Advanced Ce-
ramic Nuclear Fuels for Water and Liquid metal 
Cooled power Reactors, Advanced Ceramics, 
Proc. Int. Conf., ISAC-2001, Hyderabad, India, 
2001, The Indian Ceramic Society, Central 
Glass&Ceramic Research Institute, Kolkata, In-
dia, 2002, 126-137; 

• V. Onoufriev, Review of Fuel Failures in Light 
Water Cooled Power Reactors, Materials for 
Nuclear Engineering, Proc. Conf., Agoi, Russia, 
2002, in publ.; 

• V. Onoufriev, Advanced Methods of QC in Nu-
clear Fuel Fabrication, Characterization&Quality 
Control of Nuclear Fuels-CQCNF 2002, Proc. Int. 
Conf., Hyderabad, India, 2002, in publ.;  

• V. Onoufriev, F. Sokolov, J. A. Turnbull, E. Sar-
tori and W. Wiesenack, Fuel Modelling at Ex-
tended Burn-up, TOPFUEL 2003, Proc. Int. 
Conf, Wurzburg, Germany, 17-19 March, 2003, 
Inforum, 2003, CD-ROM, paper 126. 

Agency publications to be issued in 2003:  
• IAEA-TECDOC-1345, Fuel Failures in Water 

Reactors: Causes and Mitigation; 
• TRS on Status and Advances in MOX Fuel 

Technology; 
• IAEA-TECDOC-xxxx, Development Status of 

Metallic, Dispersion and Non-Oxide Advanced 
and Alternative Fuels for Power and Research 
Reactors; 

• IAEA-TECDOC-xxxx, Transport of Radioactive 
Substances in Primary Circuits of Water Cooled 
Power Reactors, Final CRP Report;  

• IAEA-TECDOC-xxxx, Hydrogen Pick-up and 
Hydride Induced Degradation of the Mechanical 
and Physical Properties of Zirconium-Based Al-
loys, Final CRP Report; 



 15 

• Future trends in the Fuel Cycle Programmes. 
So far, the Agency’s programme on fuel perform-
ance and technology has focused on information 
exchange on the development of fuel and coolant 
technologies for Nuclear Power Plants. In the fu-
ture, this sub-programme will place more empha-
sis on harmonization of advanced methodologies 
for fuel design, fabrication and utilization among 
Member States with different reactor designs. Ac-
cess to advances in core corrosion monitoring and 
control and in validation and verification of national 
fuel performance codes will be provided for inter-
ested Member States through DAWAC and 
FUMEX-II CRPs respectively. 

 
3.2.7. FUMEX-2 Cooperative Research Project 
The major objective of the FUMEX-2 CRP is to 
improve the predictive capabilities of codes used in 
fuel behaviour modelling for extended burnup. In 
continuation of the first CRP on this subject 
(FUMEX I, 1993-1996), the focus is on the topics: 
thermal performance, fission gas release and pel-
let to clad interaction at extended burnup above 50 

MWd/kg. In addition, the CRP address the per-
formance of codes used for transient analysis such 
as RIA and LOCA at extended burnup. A major 
feature of the programme is the participation of fuel 
modellers from both Eastern and Western Euro-
pean Member States, and the integration of 
WWER data and modelling into the project. 

The FUMEX-2 project is intended to last some 
5 years over the period 2001 to early 2006. During 
this period, there will be two further meetings of 
participants: one in 2004 and the final meeting in 
late 2005/early 2006. The final report of the CRP 
would be completed in 2006. A list of participants 
is shown in Table 1. 

 
 

4. Further Information 

Further information and recent news about the IAEA 
programmes carried out by the Nuclear Fuel Cycle 
and Waste Division can be found on the website: 

www.iaea.org/worldatom/Programmes/  
Nuclear_Energy/NEFW 

 
 

Table 1: Participants in the FUMEX-2 Project 

№  Country  Name of  
Chief Scientific 
Investigator 

Institute Title of  Project 

1 Belgium Mr. V. Sobolev Nuclear Research Centre 
SCK CEN 

Fuel performance modelling at  SCK*CEN 

2 Bulgaria Mr. D. Elenkov Institute for Nuclear 
Research and Nuclear 
Energy  

Improvement of the TRANSURANUS-WWER 
version code for modelling WWER-fuel 
performance  

3 Czech 
Republic 

Mr. M. Valach Nuclear Research 
Institute, Rez 

Validation of fuel performance codes used at 
the NRI Rez for the Temelin and Dukovany 
NPPs fuel safety evaluations and operation 
support  

4 China Mr. P. Chen China Institute of Atomic 
Energy 

Validation of fuel behaviour analysis code 
METEOR/TR by using the data of FUMEX II 
exercises  

5 EC Mr. K. Lassmann JRC Institute for 
Transuranium Elements  

Application of the TRANSURANUS code in the 
FUMEX II programme  

6 Germany 
France 

Mr. F. Sontheimer FRAMATOME ANP GmbH Improvement of high burnup models for fuel 
temperature and FG release in Framatome 
ANP fuel rod performance codes 

7 Korea 
Republic 

Mr. Chan Bock Lee Korea Atomic Energy 
Research Institute 

Improvement and validation of fuel performance 
analysis code INERA 

8 Romania Mr. M. Paraschiv Institute for Nuclear 
Research 

New methods of evaluation the nuclear oxide 
fuel behaviour  

9 RF Mr. G. Khvostov A.A. Bochvar Res. Institute 
of Inorganic Materials 

Improvement and verification of the START-3 
code  

10 Canada Mr. M. Tayal AECL Simulation of FUMEX II data by ELESTRES 
Code  

11 India Mr. H.S. Kushwaha BARC Validation and Improvement of Indian Codes for 
Fuel Performance for High Burnup Application  

12 UK Mr. T. Turnubull  Qualification of fuel performance codes and 
datasets  

13 Japan Mr. K. Kamimura NUPEC Validation of the FEMAXI-JINS code by using 
PIE data at extended burnup  

14 Finland Mr. K. Ranta-Puska VTT Validation of the ENIGMA fuel performance 
code  

 


