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ABSTRACT 
 

This paper will give a brief introduction to the programmatic structure of the 
Research Reactor (RR) related activities of the IAEA sub-programme “Research 
Reactors”, under which the project on “Enhancement of utilization and applications 
of RRs” will be presented in more detail. Both recent achievements and future 
planed actions will be reported with the major emphasis on RR utilisation related 
issues, specific applications of RRs, networks and coalitions, and assistance to the 
Member States (MS) planning their 1st RR. 

 
1. Introduction  
 
Research reactors (RRs) have played and continue to play an extremely important role in the 
development of nuclear science and technology. They are used to produce medical and 
industrial isotopes, for research in physics, biology and materials science, and for scientific 
education and training. They also occupy an indispensible place in nuclear power 
programmes. For nuclear research and technology development to continue to prosper, RRs 
must be safely and reliably operated, efficiently utilised, refurbished when necessary, 
provided with adequate non-proliferating fuel cycle services and safely decommissioned at 
the end of life. From more than 670 RRs (including critical facilities) constructed around the 
world, in February 2010, 234 were still operating, while 11 were under the status of 
“temporary shut down” [1]. Russia has the highest number of operational RRs (48), followed 
by USA (41), China (15), Japan (13), France (11) and Germany (10). The RRs are 
distributed over 56 Member States (MS), including 40 developing countries. Of the RRs that 
are no longer operating, some of them have plans to resume operation in the future, some 
are undergoing decommissioning or waiting to be decommissioned, but some others are in 
an extended shutdown state with no clear plans for their future. 
 
2. RR Issues and trends 
 
Today the decreasing and rather old fleet of RRs world-wide  (see Fig. 1) faces a number of 
critical issues and important challenges such as underutilization, non-existent or 
inappropriate strategic business plans, aging and needs for modernization-refurbishment, the 
presence of fresh or spent HEU fuel, unavailability of qualified high-density LEU fuels, 
accumulation of spent nuclear fuel, needs for advanced decommissioning planning and 
implementation stages, and, in some cases, safety and security issues.  In addition to this 
non-exhaustive list of challenges are the plans to build new RRs by MSs with little or no 
experience in this domain. 
 
As about 70 % of the operating RRs in the world are over 30 years old (Fig. 1, right panel), 
nowadays RR ageing management, modernization and refurbishment are key driving 
issues. One should note separately that these old facilities include the five reactors that 
produce the bulk of the world’s supply of 99Mo! Planned Agency activities related to RR 
                                                      
* Lantheus Medical Imaging, N. Billerica, MA, USA; since October 2009. 



ageing management, modernization and refurbishment have been advanced and will 
continue in the future actions (see Section 3). In close cooperation with the activities covered 
by another sub-programme “Safety of Research Reactors”, such efforts will help to maximize 
the availability and reliability of these facilities and subsequently the supply of isotopes 
important to human health. 

Fig 1. Left: Time evolution of the number of RRs and their thermal power. As of February 

2010, there were 234 RRs in operation with their total power close to 2.2GWth. Right: Age 
distribution of operational RRs. 70 % and 50 % of all RR fleet are older than 30 and 40 

years respectively. 
 
Another important issue is that, although the number of RRs is steadily decreasing, more 
than 50% of operational RRs are still heavily underutilized and operate less than 4 
FPW/year (see Fig. 2). Given the projected decrease in RRs from 234 today to between 100 
and 150 in 2020, greater international cooperation will help to assure broad access to such 
facilities and their efficient use. Therefore, there is currently a substantial need to develop 
strategies for RR effective utilization on a national, regional and international basis for a 
significant number of these facilities. 

Fig 2.  Occupation rate of RRs (including critical assemblies). Nearly 50 % of all RR fleet are 
operating less than 4 FPW/year (FPW - Full Power Week, 7 days times 24 hours). 
 
The above RR underutilisation issue is somewhat in contradiction to the recently increased 
number of requests and plans to build new RRs (e.g. Azerbaijan, Jordan, GCC countries, 
and Sudan), which in many cases is viewed as an intermediate step towards establishment 
of a future nuclear power programme. In this context, sharing resources is crucial in order to 
increase utilization on the one hand and on the other hand to pave the way for the 
decommissioning of underutilized ageing reactors. It also serves to help preserve knowledge 
base and human resources and, at the same time, ensure the safe and sustainable operation 
of RRs worldwide. 
 
Last but not least, the reduction of Highly Enriched Uranium (HEU) fuel used by RRs 
including ongoing take back programmes of spent fuel remains one of the priority activities of 
the IAEA. This includes core conversion from HEU to LEU, isotope production target 
conversion from HEU to LEU, and repatriation of RR fuels (both fresh and spent) to the 
country of origin. Thanks to an international cooperation involving 130 countries and 
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stimulated by the creation in 2004 of the Global Threat Reduction Initiative (GTRI), 67 RRs 
have already been converted or shutdown prior to conversion to an LEU core and another 35 
await conversion with existing LEU fuel. Another 27 RRs are waiting for the development of a 
new generation fuel based on very-high density Uranium-Molybdenum alloy, and on which 
the international research efforts are now focusing. It is expected that all HEU RRs are 
converted to LEU or shutdown by 2018, which is close to the deadline for the fuel “take back” 
programme as shown in Fig. 3 [2]. 

 Fig. 3: Current and planned status of the fuel take back programmes [3]. 
 

In response to the above  challenges, the IAEA is taking action and designing activities to 
tackle these issues and make sure that promotion, support, and assistance to Member 
States in the development and uninterrupted operation of strong, dynamic, sustainable, safe, 
and secure RRs dedicated to peaceful uses of atomic energy and nuclear techniques is 
preserved. The IAEA has taken the initiative in this direction by organising expert meetings 
and workshops, encouraging collaboration through coordinated research projects, publishing 
state-of-the-art technical documents as well as assisting MS through national and regional 
Technical Cooperation (TC) projects. In addition, through strategic planning and allied 
support, the IAEA is assisting MS without RRs to become part of RR coalitions or networks 
[3] as a first step to develop their national capabilities and at the same time improve all 
aspects of utilization and modernisation of existing RRs, and therefore, sustainability and 
innovation. 
 
Although IAEA has been playing a lead role in all these areas under the corresponding sub-
programmes (see Section 3), this paper will concentrate mainly on the ongoing IAEA project 
“Enhanced Utilisation and Applications of RRs” [4]. Both recent achievements and future 
planed actions will be reported with the major emphasis on RR utilisation related issues, 
specific applications of RRs, networks and coalitions, and assistance to the MS planning 
their 1st RR. 
 
3. Programmatic Structure of RR Related Activities 
 
The RR activities at the IAEA are mainly implemented through two sub-programmes. The 
first sub-programme, known as “Research Reactors”, covers RR utilization aspects, fuel 
issues, including infrastructure, operation and maintenance. The second sub-programme, 
known as “Safety of Research Reactors”, covers the safety aspects of RRs. The objectives 
of each sub-programme are accomplished through specific projects that are included in the 
biennial plans or so called “Blue Book”. Presently active four projects within the sub-
programme “Research Reactors” are shown in Fig. 3. It is seen that the sub-programme 
maintains focus on the different facets of RRs, such as effective utilization, improvement of 
the capabilities of MSs for planning new and innovative reactors, the back end of the fuel 
cycle and the technological and engineering aspects of operation and ageing management. 
One notes separately that different Technical Cooperation (TC) activities are supported 
within the corresponding projects. 
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As long as the 1st project is concerned (see Fig. 3), over the years the focus of IAEA work 
has been gradually changing: from the traditional support of fundamental research and 
training to helping RR facilities with strategic planning and sustainability to increase 
utilisation in more commercial areas. Renewed interest in nuclear power, the worldwide 
expansion of diagnostic and therapeutic nuclear medicine, extensive use of semiconductors, 
advanced neutron imaging and other neutron beam techniques in the automotive and 
aeronautic industries or fuel cell development presents new opportunities for operational RRs 
– including providing services to countries without such facilities. In this new context regional 
and interregional thematic collaborations, networking and centres of excellence for enhanced 
utilization of RRs were initiated and supported, resulting in recent Research Reactor 
Coalitions (RRC) efforts. 

Fig 3.  Programmatic structure of RR activities under the sub-programme “Research 
Reactors”. 

 
4. RR Coalition and Network Projects 
 
RR Coalitions and Networks presently promoted and supported by the IAEA [3] aim at 
consolidation of the international/regional RR sector by establishing grouped entities to serve 
as international/regional user centres. In this way, countries/regions that do not have RRs or 
are considering closing an old reactor can gain access to nearby facilities which have up to 
date technical capabilities including high levels of nuclear safety and security. It is expected 
that MSs will increasingly need Agency assistance in strategic planning and institutional 
arrangements for possible national and regional RR coalitions, networks and shared-user 
facilities. The Agency support is ensured both through the regular budget and extra-
budgetary contributions, including ongoing regional Technical Cooperation (TC) projects. 
 
In 2007-2009, with the assistance of the IAEA a number of RR coalitions have been formed 
in Eastern Europe (EERRI), Baltic Sea (BRRN), EurAsia (EARRC), and Caribbean (CRRC) 
regions and more are being discussed (e.g., the Mediterranean, Asia/Pacific, African 
regions,…). These cover different areas for collaboration, including radioisotope production, 
neutron activation analysis, fundamental research, education and training activities, 
radioactive waste management, etc. as schematically presented in Fig. 4. 
 
The Agency’s role in this area is to serve as a catalyst and a facilitator of ideas and 
proposals. Plans for the short term future seek to consolidate the existing coalitions and to 
encourage maturation, self-reliance and sustainability, new business/utilization activities, and 
participation by countries without ready access to RRs. Work will also continue on other 
prospective coalitions that have been under discussion. In particular, the ongoing crisis and 
unreliability of supply in the international isotope market – especially relating to Mo-99 – has 
offered a potential opportunity for new irradiation and processing capabilities which could 
ideally be satisfied through a coalition of producers. The same applies for the increased 
needs in education and training in the MS aiming at expanding or newly developing nuclear 
power programmes as part of their mixed energy share.  
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Although some noticeable results have been obtained in initiating and supporting RR 
coalitions [3], much more work needs to be accomplished in order to achieve the objective of 
increase utilization of individual RRs through collective effort, on a self-sustainable and self-
reliant basis. In addition to their individual strategic plans, the coalition partners need to put 
into place coalition-based common strategic and management plans as a group. They also 
need to pursue more detailed market analysis and business development to identify specific 
pay-back opportunities through sustainable commercial activities, through complementary 
marketing and delivery of irradiation products and services, education and training among 
other revenue generating applications of RRs. 

Fig 4.  IAEA supported RR coalitions and networks (see the text for details). 
 
5. IAEA Research Reactor Data Base  
 
The IAEA department of Nuclear Science and Applications (NA) and the department of 
Nuclear Energy (NE) jointly manage a Research Reactor and Spent Fuel Database (RRDB) 
[1]. This database serves to promote the capabilities of individual facilities as well as help 
IAEA internal and external stakeholders plan and develop programmatic activities in 
response to the expressed needs of individual MS. The complete IAEA RRDB contains the 
information on both operational, planned, shutdown and decommissioned RRs. It is prepared 
from the data provided by RR administrators of the MS through annual questionnaires. While 
every attempt is made to keep the RRDB current, the IAEA makes no guaranties, either 
express or implied, concerning the accuracy, completeness, reliability, or suitability of the 
information. Therefore, national RR data providers or individual RR managers are asked to 
inform the RRDB Project Officers of any updates or corrections needed. 
 
In the promotion and support and the peaceful, efficient and sustainable uses of RRs, 
recently the IAEA has developed a dedicated Operational RR Data Base (ORRDB) being a 
specific output of the IAEA computerised RRDB [1]. The table of contents for this new 
ORRDB is shown in Fig. 5. It contains only the information related to the operational RR 
facilities and classifies them into three major categories according to a) geographical 
location, b) reactor characteristics/features, and c) reactor utilisation and applications. 
Thanks to the pre-designed classification filters, some useful statistical information can be 
easily found relevant to all operational RRs, including lists of the facilities providing specific 
applications, i.e. products and services as isotope production, activation analysis, teaching 
and training, etc. In addition, the ORRDB also includes all detailed technical information 
reports of the individual facilities. Finally, although the ORRDB is available on internet [5], it 
can also operate off line and occupies less than 10MB of disk space. 
 
This new utilisation and application driven ORRDB provides IAEA MS with a resource to 
assist efforts in developing strategies for capacity building, effective utilization and 
management of RRs on a national, regional and international basis. It also contains 
somewhat “sensitive” information like the utilisation rates of both individual RRs as well as 
country-averaged statistics. It is expected that this new ORRDB, in addition to standard 
book-keeping, should help in enhanced and more efficient utilization of RRs in MSs for many 
practical applications, facilitate cooperation between different RR centres, and promote 



networking both for RR host and non-host MSs. The responsible Project Officer would 
appreciate all MS’ input how this new tool could be improved further to achieve targeted 
objectives. 

Fig 5.  Table of contents of the dedicated Operational RR Data Base (ORRDB) [5]. 

 
6. Summary 
 
RRs have played and continue to play an important role within several fields of basic 
science, in the development of nuclear science and technology, in the valuable generation of 
radio-isotopes and other products for various applications, in support of nuclear power 
programmes, including the development of human resources and skills. Nowadays the 
decreasing fleet of these facilities faces a number of critical issues and important challenges 
such as underutilisation, inexistent or inappropriate strategic-business plans, ageing and 
needs for modernization-refurbishment, presence of fresh or spent HEU fuel, unavailability of 
qualified high-density LEU fuels, accumulation of spent nuclear fuel, advanced 
decommissioning planning and implementation stages, and, in some cases, safety and 
security issues. In addition to this non-exhaustive list of challenges are the plans to build new 
RRs by MSs without no or little experience in this domain. In response to these challenges, 
the IAEA is taking action and designing activities to tackle these issues and make sure that 
promotion, support and assistance to MSs in the development and uninterrupted operation of 
strong, dynamic, sustainable, safe and secure RRs dedicated to peaceful uses of atomic 
energy and nuclear techniques is preserved. 
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