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A. Background
Among a number of related efforts, during the last four years the IAEA has been promoting
networking, coalitions and regional collaboration to improve the efficient and sustainable utilization
of research reactors (RRs). A number of RR coalitions and networks have been developed with IAEA’s
support as a new model to better utilize RRs and facilitate access for the Member States without
such facilities. The coalition/network concept involves putting in place cooperative arrangements
among RR operators, user entities, customers and other stakeholders. Ideally, a strong coordination
and partnership is formed leading to increased utilization of individual RRs through collective efforts,
including improved self-sustainability and self-reliability. The IAEA acts as a catalyst and facilitator
towards self-reliance, assists in preparation of strategic and business plans, and also provides initial
support via its technical assistance programmes.
The IAEA supported coalitions and networks of RRs continue to enhance cooperation among RR
facility managers, existing and potential users and other stakeholders. Six such networks, with
shared RR facilities and competencies, collectively offered services to regional and international
users, secured entrepreneurial interest, support for upgrading existing or developing new facilities
and improving access to countries without RRs. With the Mediterranean RR Network, created in
2010 in Vienna, and Central Africa RR Network (CARRN), launched in 2011 in Accra, the efforts of RR
Coalitions and Networks currently involve 42 Member States (25 with RRs and 17 without such
facilities). Recently an initiative to create a new RR coalition, involving mainly the Commonwealth of
Independent States (CIS), was discussed and supported during the final project coordination meeting
in Vienna under TC RER4032 in December 2011.

However, although some noticeable results have been obtained in initiating and supporting RR
coalitions, much more effort is required to collectively achieve the objective of increased and selfsustainable RR utilization. In addition to their individual strategic plans, coalition partners need to
put in place coalition-based common strategic and management plans. They also need to pursue
more detailed market analysis and business development to identify specific pay-back opportunities
through sustainable commercial activities such as complementary marketing and delivery of
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irradiation products and services as well as education and training among other revenue generating
applications of RRs.

B. Objectives and Expected Outputs
The technical meeting was aiming to provide a forum to exchange of good practices, lessons learned
and practical experiences in the area of RR coalitions and networks through presentations and
brainstorming discussions, leading to the following overall objectives:


Development of regional strategic plan in RR utilization, including provision of RR products
and services, in the Mediterranean Region



Strengthened regional cooperation among RR facilities from developing and developed
countries with special emphasis on the transfer of knowledge and good practices from multiuser international RR centres



Enhancement of RR utilization in Member States through regional RR networks and
coalitions, including countries without RRs

Other topics intended to be discussed at the meeting included:


Development of regional database on RR capabilities, products and services



Development of action plan and methodology for market analysis and involvement of new
stakeholders/users



Development of strategic and business plan in RR utilization: from national to regional



Development of promotional tools advertising RR products and services, including regional
capabilities offered by the network



Share of good practices and strategies from other regional networks and coalitions.

The principal output of the meeting will be a meeting report summarizing major findings and
recommendations in the area of research reactor networks and coalitions supported by the IAEA.
This document will serve as an initial working material for the future guidelines publication how the
RR coalitions should be initiated, efficiently run and sustainably managed. The Mediterranean RR
Network will be considered as a case study, while good practices and lessons learned from other
coalitions will also be discussed and included in the document. These guidelines will be reviewed,
finalised and published by the IAEA.
More detail information about the meeting can be found at
http://www-naweb.iaea.org/napc/physics/meetings/TM42756.html
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C. Work Done
The meeting was attended by 29 participants from 19 Member States (see Annex II, List of
Participants). After the official welcome words by the host representative Ms B. Tugrul, Acting
Director of Energy Institute, Istanbul Technical University (Turkey), and Mr I. Videnovic, PMO of
project RER1007, TCEU-IAEA, some introductory remarks were also given by Mr D. Ridikas, IAEA
Scientific Secretary and TO of RER1007, NAPC-IAEA. Later participants introduced themselves,
approved the agenda and designated Mr I. Stamatelatos (Greece) and Ms G. Hampel (Germany) as
co-chairs of the meeting. The meeting continued according to the meeting agenda, prepared in
advance (see Annex I, Meeting Agenda).
More than 2 days were exclusively dedicated to the individual presentations by the participants.
Enough time was also allocated for questions-answers and discussions following each presented
paper. Below the main topics and technical areas covered through the individual presentations are
summarized:
G. Hampel, Germany, started with a presentation regarding the TRIGA reactors, presently operating
within the power range from 100kW to 14MW, and some with pulsing capabilities. Issues related
networking of TRIGA community (more than 30 TRIGA RR world-wide), fresh fuel production and
spent fuel return to the country of origin were covered. For example, it was highlighted, that the
costs of standard fuel elements have nearly tripled from USD ~50k to 130k very recently. The
speaker also demonstrated the importance and urgency to implement a global TRIGA network.
Reasons and advantages were presented. The formation of a global TRIGA network with subgroups
in Europe (incl. Morocco), Asia-Pacific and the US were discussed. Next, the capabilities and
applications of the TRIGA facilities in Ljubljana (250kW) and Pavia (250kW) were presented by B.
Smodis (Slovenia) and A. Salvini (Italy) respectively.
Slovenia still has 23 fresh fuel elements at the facility. In addition to E&T program, the main services
include new project on power calibration using CEA fission chambers, neutron flux measurements,
benchmark calculations for TRIGAs, NAA (relative and k0-method including accreditation), irradiation
of various electronics components and biological materials. Slovenia also took part in the detector
testing for the ATLAS experiment at CERN and in the irradiation of various materials. Slovenia also is
an active member in international networks mainly for E&T, contributes to Eastern European RR
Initiative (EERRI), and participates in Mediterranean Research Reactor Network (MRRN) and also in
the EURASC – European Advisory Safety Committee established in 2010. It is also member of the
Research Reactor Operators Group (RROG), since 1988, today representing 23 countries.
In Pavia, Italy, the focus recently has been on education and training. Their academic courses
include the measurements of the temperature coefficient, reactor kinetics, shut down behavior,
analysis of poisoning, and data analysis of cooling systems. They offer a laboratory for students of
the University (radiochemistry and nuclear physics) and have a certification program for professional
training (Radiation Protection, NPP). Pavia also makes efforts on public awareness, and intends for elearning capabilities. In this respect, international cooperation is being explored. An establishment
of a memorandum of understanding for the cooperation with the TRIGAs in Turkey and Morocco is
under discussions.

5

Working Document, Report of the IAEA-F1-TM-42756, jointly with TC project RER1007
Research Reactor Coalitions: Concerted actions in the Mediterranean Region
10 – 13 July 2012, Istanbul, Turkey

Sofia, Bulgaria, presented their ideas for a strategic plan for utilization of the RR IRT-Sofia. Experts
were invited to give recommendations for future activities and applications such as BNCT, SANS, RR
as a positron source, and NAA. The IRT-Sofia is also undergoing a safety re-assessment after the
Fukushima accident. It was important to inform the public about the high standards for knowledge
of the reactor personnel after the accident. Within the Mediterranean RR Network Sofia is offering
its experience in the preparation of HEU and LEU conversion and also in the area of RR
decommissioning.
M. Mercimek, Turkey, presented 5 years strategic plan (2012 – 2016) for their ITU TRIGA Mark II
reactor. It includes the vision to build a national and regional center for education and training in
nuclear science and technology. In addition, plans in enhanced NAA activities are expected to
increase the operation pattern of the facility that presently remains underutilized. Installation of the
neutron radiography station is also scheduled in the near future.
B. Nacir, Morocco, introduced their revised strategy plan for future applications of TRIGA RR in
Morocco. It became critical for the first time in 2007, and has had its operating license since 2009. In
the first step, typical in-core applications are available as NAA and isotope production (I-131 for
medical applications). In the short term, beam port experiments will become operations as well.
Z. Masood, Malaysia, presented the regional RR coalition for education and training under umbrella
of the ASEAN network. Presently this includes RRs in Malaysia, Thailand, Indonesia and Vietnam. The
activities at the Malaysia 1MW TRIGA are focused on education and training, NAA, some neutron
radiography and SANS capabilities. Malaysia also cooperates with the EERRI with the assistance of
the IAEA in the area of E&T using RRs. The TRIGA Malaysia only has 3 fresh fuel elements in stock,
and therefore will lower the operational power until it receives funding for new fuel. The Indonesian
TRIGA in Bandung is shut down and it is not clear at the moment if it will resume its operation again
or will be shut down and decommissioned. The other RRs in Thailand and Vietnam are operational.
The first E&T course is scheduled in 2013 and will be hosted by Malaysia.
K. Unlu, USA, presented the interdisciplinary research at the Pennsylvania State University and a
Nuclear Security Education Program. The University had a MTR reactor, which changed later to
TRIGA-type facility. It is operated with a maximal power of 1 MW and has a license that is valid until
2029. The reactor belongs to the Radiation Science and Engineering Center, a campus wide center,
and is affiliated to the Department of Mechanical and Nuclear Engineering. The reactor is intensively
used for interdisciplinary research and new technological developments requiring neutrons as a
probe. The R&D projects are well funded. In addition, in recent years the Nuclear Security Education
Program at the DOE has become of high importance. In this context, a coherent education program
for three RRs in the US was developed in order to respond to this new need for E&T in the area of
Nuclear Security.
M. Abbaci, Algeria, presented their 15 MW Es Salam reactor, and 1MW open pool MTR-type
reactor. They are used mainly for NAA, isotope production, NTD of Si and neutron radiography. The
facilities still could improve their utilization by enhancing the applied techniques such as the use of
the k0-method for NAA, by dynamic neutron imaging and neutron diffraction taking in the account
the national demand and user’s profile. A significant support for the E&T program is currently in
place, being validated by international experts as part of cooperation projects with IAEA. They also
participated in the AFRA Training program (AFRA regional projects) and offered services in nuclear
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safety and radiation protection, health physics, and various applications. Algeria has participated in
the MRRN since 2010, which benefits the facility especially in the areas of NAA, neutron
radiography, E&T.
F. Foulon, France, presented their education and training on low power ISIS RR at CEA. Education
and training programs in France date back to the beginning of the 1950s. At the ISIS reactor (MTRtype, 700 kW, limited to 50 kW for E&T purposes) courses for up to 10 persons are being offered.
They include experiments to control the reactivity during core loading, reactivity changes in the core,
study of the temperature effects, examples of utilization of RRs, and other. Trainees are both MSc
students in Nuclear Energy and Nuclear Engineering as well as professionals. The courses are also
open to the international community (for example, a group of students from Sweden participated in
the course). An international MSc program has recently started, and all courses including hands-onreactor training are in English.
A. Santagata, Italy, described the two nuclear facilities operating in the ENEA’s research center
Casaccia, namely the thermal TRIGA RC1 and the fast TAPIRO research reactors, and their current
applications. Both reactors are currently working on education and training activities including handon experiences and experiment design in collaboration with Italian Universities. The new
radiography and tomography system, under construction at the TRIGA RC1 reactor, will provide 180
mm of effective beam size; the progress of the works was presented. The INAA activities at RC1
reactor was mentioned as well as the radioisotope production which resumes is planned in the near
future. Other applications, mainly performed at the TAPIRO reactor, concern electronic hardness
qualification and test of detector responses. Education & training and n-imaging were indicated as
possible areas of collaboration in the MRRN.
M. Salhi, Algeria, presented Algeria’s progress development, upgrading and refurbishment, on
neutron beam facilities around the two RRs, applications and status of national user community. It
was mentioned that, some member states of MRRN can play a great role to assist this action in order
to achieve the planned objectives. On the other hand, he highlighted that neutron radiography is an
important application for the Algerian RR, and confirmed their readiness to participate in the IAEA
organized proficiency tests in this area.
The Portuguese (1 MW, converted) RR, presented by N. Barradas, changed its organizational
structure (connection IST/ITN), which has given the facility a good opportunity for the future. The
organizational changes should be completed by the end of 2012. Its program includes typical
applications such as NAA (51% of the utilization), neutron radiography (19%), irradiation services
(15%), some radioisotope production, dosimetry and detector development, and E&T. PGNAA
facility is under development. Its utilization profile is ~50-60 MW*days/year (14 to 15 full power
weeks of operation). It was stressed that the number publications and promotional events like public
tours are important performance indicators of the RR. Special attention was also given to the
proficiency tests organized by the IAEA, both in the area of NAA and neutron radiography.
M. Shaat, Egypt presented their multipurpose facility, which has improved recently but still
preserves quite limited operational profile. The program is concentrating on radioisotope
production (Iridium and Molybdenum), NAA and NTD of Silicon. Very recently, through the support
from the IAEA, a digital neutron radiography station was installed and tested. Egypt confirmed their
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openness for regional and international cooperation in all areas, where their RR capabilities are
available.
I. Stamatelatos (Greece) informed on the status of their RR refurbishment project, accumulated
delays and very recently lack of budget. Meanwhile, the staff has lost its license to operate the
reactor. The number of institutes related to nuclear science and knowledge has been reduced from 8
to 5. The Greek RR GRR1 is a 5 MW open pool reactor. It has been completely converted from HEU
to LEU. Its last operation was in 2004, covering application areas such as neutron scattering and
NAA. The future of the reactor is unclear at the moment, therefore RR user community more and
more in need of regional capabilities in replacement.
O. Kutlu, Turkey, presented the work for reinforcement of the reactor building and modernization
program of their TR2-facility (5 MW MTR type) at TAEC. The building was constructed between 1957
and 1962. Since 1995 until 2009 the RR did not operate at full power (only 300kW). In 2009 HEU fuel
was transferred to the USA. Since 2010 the LEU core is unloaded and stored. The refurbishment of
the reactor building is expected to be finished in Q1 of 2013, while after that an application for new
operation license will be initiated. Retraining of operators will certainly be needed in 2013.
N. Kahlaoui (Tunisia) presented the National Centre of Nuclear Science and Technology (CNSTN)
which has ~140 staff members, including researchers, engineers and students. Tunisia does not have
its own RR. A D-D source based neutron generator is presently in the commissioning stage. Research
work in the nuclear field is carried out in cooperation with CEA, IAEA, and other institutions. A
feasibility study was carried out in 2001 to install a RR in Tunisia for E&T with the aim of building the
1st NPP afterwards (presently foreseen beyond 2020). It is expected that a new RR will be installed
within the next 10 years with ambitious supporting E&T programs. It also should offer various
services and products to support the Tunisian industry & health system. At the moment, RR
networks and regional cooperation are important to perform research work with neutrons since it
offers the possibility to use other RRs in the neighboring countries.
MMM, presented by G. Hampel, Germany, on behalf of a web-page initiative with the title
”Neutrons for Services of the Society”, developed by the reactor facilities in Mainz, Mol, and Munich
(MMM). The idea arose at one of the IAEA meeting on “Commercial products and services of RRs”
organized in Vienna on 2010. The page was published in August 2011 to demonstrate that neutrons
could provide beneficial services to the society. This was especially important to the developers of
the page after the Fukushima accident. It can be found under www.research-reactors.eu and is
written in English and German.
Indonesia, presented by I. Kuntoro, has 3 RRs (30MW but used only at 15MW, 2MW presently
shutdown and 100kW is used mainly for E&T purposes); the 1st one is MTR-type while the latter 2
are TRIGA-type facilities. The programs at the reactors include typical applications for RR as NAA,
neutron beam research and applications, isotope production, also gemstone coloration. The work is
ongoing to improve the quality of NTD of Si, while fuel/material irradiation loops are not used at the
moment. Allocation of the beam time is at no cost to the end users, both national and international
subject to availability. National and regional strategic plans have been in place since 2006 for an
optimal application of the facility. Indonesia is an active partner of the FNCA – Forum for Nuclear
Cooperation in Asia as well as ANSN – Asia Nuclear Safety network, and also participates in the
ASEAN activities.
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The unique application of the Eurasia Research Reactor Coalition, presented by P. Chakrov,
Kazakhstan, is the production of Mo-99 through neutron capture by all partners of the coalition. This
production is important for the public mission and provides a great opportunity to increase Mo-99
production capacity as well as self-reliance of participating RRs. The aim of the network is to
participate in the Mo-99 production chain as a group of a few RRs on the business based
partnership.
The EERRI, presented by L. Sklenka (Czech Republic), includes 9 RRs in 7 countries in the central
Europe with powers between 1 W and 10 MW. The aims of the EEERI are the coordination and
networking of RR related activities in the areas such as E&T, radioisotope production, fuel and
material irradiation, and neutron beam research. It was highlighted that E&T areas is the most
successful activity so far for regional cooperation among small power training reactors, while the
situation is more difficult at big RRs, where commercial interests and a competition between the
facilities might certainly occur.
Brief summaries of individual presentations are given in Annex III “Book of Abstracts”.
During the 3rdday of the meeting, two parallel discussion sessions were organized:
1.
Guidelines of regional RR Coalitions in order to discuss
o Lessons learned from already created coalitions/networks
o The requirements and guidelines for initiation, creation, operation and
sustainability of RR coalitions
rd
2.
3 Coordination Meeting of MRRN in order to
o Present the progress report from different tasks as NAA, neutron imaging, E&T
o Develop and agree on a work-plan and action matrix for the next year.
Executive summaries of the work achieved during these parallel sessions can be found in the below
section. Deliberations of the above discussions were reported in the plenary session the same day,
when the meeting participants started to formulate final conclusions and recommendations.
Drafting of the meeting report and closing session took place during the morning of the 4th day. Right
after, a technical tour to the TRIGA Mark II RR of Istanbul Technical University was organized.
At the very end of the event, all presentations and other meeting materials were distributed to the
meeting participants and are available on request from the Scientific Secretary.
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D. Deliberations of Parallel Sessions
1.

Guidelines for regional RR coalitions, chaired by Ms G. Hampel

Global TRIGA Research Reactor Network (GTRRN)
Many participants of the meeting came from TRIGA research reactors. There was a joint agreement
that it is important to establish a Global TRIGA Network for a number of important global issues to
be addressed by the TRIGA community like back-end options related to the spent nuclear fuel return
program (2016/2019); potential shutdown of the TRIGA fuel fabrication facility (announced by
CERCA/TRIGA International in March 2010); weakening of the technical support from General
Atomics; enhanced utilization. In this context this global network could include and coordinate
regional sub-groups (e.g. Europe, Asia, and Africa) comparable to the existing US TRIGAs. The
founding members of this network were representatives from 11 TRIGAs in 9 countries (Austria
(represented by Germany), Germany, Finland (represented by Germany), Indonesia (2 TRIGAs), Italy
(Pavia and Rome), Malaysia, Morocco, Slovenia, and Turkey). Other facilities not represented in this
meeting such as Bangladesh, Brazil, DRC, Mexico, Romania, Taiwan-China, and the TRIGAs in the US
are invited to joint this effort. The formation of the GTRRN will be announced at the next TRTR
meeting in San Diego (September 2012).
The network will need a steering committee (e.g. one member per sub-region) and most probably
some formal agreement of organization through MoU to be signed by all involved parties. One of the
first activities of the network will be the establishment of tools for information management and
sharing (e.g. web-page, group e-mail list, communication forum, etc.). The GTRRN will have annual
meetings in connection with the RRFM conference. Also some members should periodically
participate at the TRTR conference in the US.
Strategic tasks of the GTRRN will be to establish closer contact to the main stakeholders such as
IAEA, DOE, ESA and GA; to pool the available fresh fuel situation including needs of fresh fuel
provision within next 5 years. The IAEA is asked to provide the assistance and support for GTRRN in a
similar ways as it is done for other regional RR networks. It was recommended that the IAEA initiates
an Interregional TC project focused on global TRIGA issues, while the GTRRN will develop a draft and
initial concept for such interregional project.

Networking in the area of Education and Training
The session concluded that education and training networks were successful in the past and
therefore certainly should continue. The logistics and organization for the courses can be offered by
the facilities of the network, even though financial support remains crucial to cover operational costs
and grants for the trainees. Up to know only the IAEA fellows were able to attend the IAEA RR group
fellowship program, managed and implemented by the EERRI. The network will look for
opportunities to promote and organize similar courses independently from the IAEA. Establishment
of similar E&T programs in other regions was strongly encouraged, and initiation of such activities
has been already noticed in Asia-Pacific, Africa and Latin America.
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Other needs for networking
Other technical areas and issues relevant to the global RR community are (but not limited to):








Back-end options for spent fuel
Finding solutions for competitive fresh fuel supply
Enhanced utilization and sustainability
Ageing management (both facility and staff)
“Stress tests” and lessons learned as a result of Fukushima Daiichi NPP accident
Public awareness and communication using “right language to the right audience”
…

Certainly, networking and joint projects can and in many cases are driven by topical application
areas like in NAA (e.g. proficiency tests, environment or archaeological studies), neutron imaging
(e.g. Round Robin exercises, protocols for standardization), modelling and prototyping of innovative
technologies, human resource development, etc. Within the Agency, there are already wellestablished instruments to assist the Member States through, for examples, regional TC projects,
Coordinated Research Projects (CRP), thematic workshops and training courses.
2.

3rd coordination meeting of MRRN, chaired by Mr I. E. Stamatelatos

During this session the progress reports from different thematic areas were given and a new work
plan was developed. The results of the discussions are the following:







Participants acknowledged
o IAEA’s support through RB as well as through RER 1007 (previously through
RER4032)
o Participation, contribution and in-kind support from developed countries, namely
France, Italy and Germany was acknowledged.
Today MRRN includes 14 MS (11 with RRs and 3 without RRs)
Thanks to all members, MRNN has achieved most of the scheduled activities since the last
meeting in Vienna (22-24 June 2011)
o Several MRRN members participated in the 2011-2012 NAA proficiency tests as well
as follow up workshops organized by the IAEA in Europe and Africa (Egypt, Algeria,
Morocco, Slovenia, Italy, Greece)
o The n-imaging Round Robin exercise is in progress and is expected to be completed
in 2012 (Portugal, Algeria, Slovenia and Egypt in the nearest future)
o Collection of detailed information regarding educational curricula on Nuclear
Engineering (existing or under the development) is in progress
o Questionnaires on a) NAA, b) E&T, and c) n-imaging where distributed and collected
in 2012
The proposed MRRN educational demonstration workshop on training-the-trainers on RR
experiments in support of nuclear engineering programme activity planned to be held in Q2
2012 did not take place; instead, the IAEA has organized two related workshops (one in
Algeria and one in Czech Republic), where a number the MRRN members had a chance to
attend (Slovenia, Italy, France, Morocco, Algeria, Tunisia, Egypt, Turkey). All participants
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agreed that this activity is important for the network and should be included in the program
of the coming year as well, including specific workshop on training-the-trainers on RR
experiments.
In addition to the planned activities several successful bilateral collaborations were carried
out between:
o Turkey, Czech Republic, Slovenia and Greece in NAA
o Slovenia & France in neutron detectors
o France & Greece in E&T
o Slovenia & Italy in radioisotope production.
Work-plan for the next 12 months was discussed in detail and agreed by all partners. The
following resumes the main activities of the network:
o Organization of the 1st MRRN educational demonstration workshop on train-thetrainers on RR experiments at the CEA ISIS RR in France, expected in Q2 or Q3 2013
(TBD). Draft prospectus of this workshop was prepared in the 2011 and will be
finalised by France as a host of the workshop.
o Participation by several MRRN to a NAA proficiency test that will take place again in
2013; the necessity of a workshop on the quantification of uncertainty in NAA was
discussed and is proposed to be organized in 2013
o Finalization of neutron imaging benchmarks and organization of thematic workshop
on neutron imaging
o Necessity to create innovative MRRN website with information on the capabilities
and activities of the network. This should include discussion forum and news
dissemination capabilities, upload of files and other documents; to be initiated by
the IAEA
Since a number of success stories involving bilateral collaboration between members of the
network were carried out; the MRRN participants decided to encourage such collaborations
and possibilities for further such actions in 2013 were identified :
o Turkey & France in share of experiences in the use of RRs for E&T
o Greece & Portugal in neutronics analysis
o Algeria & Bulgaria in neutron scattering
o Tunisia & France in internet reactor laboratory
o Greece & Algeria in LSNAA
o Turkey, Bulgaria and Slovenia in NAA
All countries expressed their interest and support for on a dedicated INT TC project;
formulation and submission of a MRRN INT TC project in the new TC cycle (2014-2016) was
recommended
All members were encouraged to manifest more proactivity, exchange of information, and
play more important role in follow up of network’s activities, including participation in
topical/thematic projects and bridging the link between CARRN and MRRN
The possibilities for additional external funding will be investigated within the European or
Mediterranean network
Other Mediterranean countries like Lebanon, Jordan, Libya, Spain, Serbia, Malta, Croatia,
etc. were encouraged to join the network.
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E. Conclusions and Recommendations
In the closing session the meeting participants acknowledged that the meeting was a successful and
very useful event, bringing more than 29 participants from 19 countries. EERRI, MRRN, CARRN,
EARRC, ASEAN RR network, and international TRIGA RR community were represented. Status,
lessons learned, share of good practices were discussed during individual presentation and round
table discussions. Thanks and appreciation was expressed to the Turkish government, represented
by the Institute of Energy of Istanbul Technical University, for hosting this meeting and facilitation of
all organizational arrangements, including the technical tour to the TRIGA Mark II research reactor
and its auxiliary facilities.
The meeting participants formulated the following conclusions:


TRIGA RR network (tentative GTRRN) has been initiated by representatives of 11 TRIGA RR
facilities world-wide; modalities of operation and tentative action plan were defined. The
driving force for this initiative were common issues of the TRIGA community:
o Fuel back-end (spent fuel return to the country of origin 2016/2019)
o Provision of new fuel (CERCA and GA)
o Weakening of technical support from GA
o Enhanced utilization



MRRN 3rd annual meeting took place. Status and progress were discussed, new work-plan
and list of actions were prepared. Most of the earlier planned actions were implemented
and the MRRN will continue to build their activities on bilateral-multilateral projects;
dynamic web page will be created to share available information, promote success stories
and initiate new projects within the network;



NAA Proficiency Tests and neutron imaging Round Robin exercise, organized by the IAEA,
were appreciated; engagement and interest of involved laboratories was confirmed



Topic of E&T using RRs seems to be the most successful initiative so far within
networks/coalitions; it could run independently, however long-duration training courses like
“RR group fellowship program” or E&T activities in the frame of the MRRN is still dependent
on the IAEA requests and support, while other modalities of development and support have
to be explored



Through RR Coalitions and Networks initiatives, big potential for cooperation, streamline of
infrastructure and resources, facilitated access and potential for increased RR utilization has
been confirmed, and some concrete results have been shown by already existing entities;
these efforts will continue, hopefully leading to bigger independence and sustainability,
although assistance and facilitation from the IAEA will be required



Further success for RR Coalitions is seen through small but concrete joint projects that can
grow with time and involve more partners within the entity. Such success stories will be
highlighted and motivate involved teams to continue the efforts and look for other areas of
cooperation. In some cases, bilateral cooperation within the network might be the best
approach to start joint projects.



Regional versus thematic approach for the RR Coalitions and Networks has been discussed.
Both modalities seem to be appropriate and therefore will continue to strengthen existing
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entities or initiation of new networks. In some cases, other instruments available and
supported by the IAEA (e.g. regional TC projects, Coordinated Research Projects, thematic
workshops, etc.) might be more appropriate to continue/initiate cooperation among
different partners.


Success to a good networking and joint initiatives in many cases will rely and count on the
leading institution/country as a driving force; this might be thematic/regional
location/existing capabilities driven.



ASEAN RR network (Malaysia, Indonesia, Thailand, Vietnam), which was built based on the
commitment from the involved Member States, will continue its activities, taking into
account good practices from other regions; the relationship with and the role of the IAEA in
the development of the ASEAN RR network activity will have to be clarified.

Finally, meeting participants jointly agreed on the following recommendations:
 The meeting strongly recommends the initiation and support of the interregional TC project
for Mediterranean region in the area of RRs in the new TC cycle 2014-2015; at the time
being, AFRA should facilitate the support of African counterparts on exceptional basis.


Mechanism for better communication within and among the RR networks and coalitions
should be established, including dissemination of information to the RR facilities not
involved in these entities (through dynamic web portal with different level of access for
different partners: general public, member, coordinator, site manager).



Newly initiated GTRRN requests the IAEA assistance and support in the similar format as
other RR networks and coalitions; in this context initiation of Interregional TC project is
recommended, where TRIGA community issues and challenges could be addressed as part of
other global RR similar issues (fuel back end, fresh fuel provision, technical support from RR
providers, etc.).



The IAEA should continue supporting proficiency tests for NAA and neutron imaging;
organization of follow up workshops should also be organized, as they are equally important
to identify the sources of errors, share the lessons learned and good practices.



RR networks and coalitions should encourage bilateral or multilateral projects and
arrangements that in some cases might lead to formal agreements on the governmental
level, with assistance of the IAEA if required; formal engagement from the participating
institutions/governments should be aimed at securing recognition and support for the
networks.



It is recommended that all RR networks and coalitions develop their respective regional
strategic plans, with objectives, and specific actions to achieve these objectives, including
responsibilities and deadlines. National strategic plans should also reflect existence of
regional involvement. Assistance from the IAEA is requested to facilitate the process.



Role of the IAEA in supporting and assisting for RR Coalitions and Networks remains crucial
and should continue, even though the entities should aim for self-reliance and sustainability
in the long term.



Partners of RR Networks and Coalitions should disseminate/promote their “existence” and
results achieved by all possible means (e.g. national events, public information, web pages,
representation at international Conferences like TRTR, RRFM, MTAA, RR Conference, ANS,
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PHYSOR, etc.); in the same context creation of a centralised dynamic web page (forum, file
upload, success stories, etc.) by the IAEA is recommended.


When possible, RR networks and coalitions should seek transnational access and apply for
more diverse funding sources (e.g. EU, ASEAN, AAEA, national governments, industry, etc.)
to finance their joint projects.



The meeting participants recommend the preparation and publications of the IAEA TECDOC
on “RR Coalitions and Networks”. The document will include status, lessons learned, good
practices, and achieved results in the case of already existing entities, including guidelines
and recommendations for further improvement and/or creation of new networks.
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I. Meeting Agenda
Tuesday, 10 July 2012
08:30-09:00
Arrival of participants
09:00-9:30

09:30-10:00
Start Session A
10:00-10:30
10:30-11:00
11:00-11:30
11:30-12:00
12:00-12:30
12:030-14:00
14:00-14:30
14:30-15:00
15:00-15:30
15:30-16:00
16:00-16:30
16:30-17:00

17:00-17:30

Welcome & Opening Address by the representatives of IAEA and host organization,
followed by
Self introduction of the participants, Election of Chairperson(s) and Rapporteurs
Discussion and Approval of the Agenda, Administrative Arrangements
Overview of the IAEA TC projects related to research reactors
Mr I. Videnovic, IAEA
Background and Objectives of the Meeting
Mr D. Ridikas, IAEA
Coffee break
Training-Research-Isotopes around the World
Ms G. Hampel, Univ. of Mainz, Germany
The JSI TRIGA RR: utilization & services in national, regional & international contexts
Mr B. Smodis, JSI, Slovenia
Capabilities, products & services developed at LENA Laboratory
Mr A. Salvini, Univ. of Pavia, Italy
Lunch break
Updated Strategic Plan for Utilization of the RR IRT-Sofia
Mr K. Krezhov, INRNE, Bulgaria
Strategic and Action Plan of ITU TRIGA MARK II Research and Training Reactor
Mr M. Mercimek, ITU, Turkey
Preparation of Business Plan for Morocco TRIGA RR
Mr B. Nacir, CNESTEN, Morocco
Coffee break
RR Coalition for Education and Training in ASEAN: proposal by Malaysia
Ms Z. Masood, Nuclear Malaysia, Malaysia
Interdisciplinary Research at the Radiation Science and Engineering Center at the
Pennsylvania State University
Mr K. Ünlü, PSU, USA
Nuclear Security Education Program at the Pennsylvania State University
Mr K. Ünlü, PSU, USA

End Session A
19:00

Hospitality Event
All
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Wednesday, 11 July 2012
08:30-09:00
Arrival of participants
Start Session B
09:00-9:30
COMENA Capabilities in Terms of Nuclear Infrastructure and Human Research
Development
Mr M. Abbaci, COMENA, Algeria
09:30-10:00
Nuclear education and training on low power research reactors at CEA
Mr F. Foulon, INSTN-CEA, France
10:00-10:30
The ENEA nuclear facilities in the Mediterranean Research Reactor Network
Mr A. Santagata, ENEA, Italy
10:30-11:00
Coffee break
11:00-11:30
11:30-12:00
12:00-12:30
12:030-14:00
14:00-14:30
14:30-15:00
15:00-15:30

15:30-16:00
16:00-16:30
16:30-17:00
17:00-17:30
End Session B

Development of Neutron Beam Facilities in Algeria’s Nuclear RRs
Mr M. Salhi, CRNB, Algeria
The Portuguese RR Transnational Cooperation Activities
N.P. Barradas, ITN, Portugal
Mo-99 production capabilities at ETRR-2: from fission to capture pathways
Mr M. Shaat, EAEA, Egypt
Lunch break
Greek RR Refurbishment and Modernization Programme
Mr I. Stamatelatos, NCSR “Demokritos”, Greece
Reinforcement of Reactor Building and Modernization Programme of the TR-2 facility
Mr O. Kutlu, TAEK, Turkey
Networking and Cooperation using nuclear research reactors: The case of
Tunisia
Mr Nidhal Kahlaoui, CNSTN, Tunisia
Coffee break
“MMM” - Neutrons for Service of the Society
Ms G. Hampel, Univ. of Mainz, Germany
Utilization Availability of the RSG-GAS reactor for Regional Cooperation
Mr I. Kuntoro, BATAN, Indonesia
Discussion
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Thursday, 12 July 2012
08:30-09:00
Arrival of participants
Start Session C
09:00-09:30
Role of Research Reactor Coalitions in Nuclear Education and Training with Special
Focus on EERRI - Eastern European Research Reactor Initiative Activities
Mr L. Sklenka, CTU, Czech Republic
09:30-10:00
Eurasia Research Reactor Coalition – a Collective Effort for Self-Reliance
Mr P. Chakrov, INP, Kazakhstan
10:00-10:30
Discussion: lessons learned from already created coalitions/networks, e.g. EERRI, ERRC,
MRRN, MMM,…
Start Session C
10:30-11:00
Coffee break, separation into two groups for parallel sessions
Start Parallel
Sessions
D1//D2
11:00-12:30

Session D1:
Development of guidelines for regional RR
coalitions
Discussion 1:
lessons learned from already created
coalitions/networks
Discussion 2:
requirements and guidelines for initiation,
creation, operation and sustainability of RR
coalitions
Lunch break

Session D2:
MRRN coordination meeting

Drafting of MRRN report for presentation at
the plenary session

15:30-16:00

Drafting of guidelines for presentation at the
plenary session
Coffee break, return to the plenary session

16:00-16:30

Plenary report from Session D2: MRRN coordination meeting

16:30-17:00

Plenary report from Session D1: draft guidelines for regional RR coalitions

17:00-17:30

Round table discussion on guidelines for regional RR coalitions
All

12:30-14:00
14:00-15:30

Discussion 1:
progress report from different task
coordinators; NAA, neutron imaging, E&T
Discussion 2:
Work-plan and action matrix for the next
year – the 1st step towards regional strategic
plan of MRRN

End Sessions
D1//D2

Friday, 13 July 2012
08:30-09:00
Arrival of participants
Start Session E
09:00-10:30
Discussion on the contents of the meeting report, drafting of conclusions and
recommendations; finalization of guidelines for regional RR coalitions
All
10:30-11:00
Coffee break
11:00-12:30
End Session E
12:30-14:00
14:00-16:00

Finalization of the meeting report, including conclusions and recommendations
All

16:00-16:30

Lunch break
Technical Tour to ITU TRIGA Mark II RR and its auxiliary facilities
Interested participants
Coffee break

16:30

End of the meeting
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III.

Book of Abstracts1

1. IAEA, Ridikas

RR issues and challenges; objectives of the meeting
Danas RIDIKAS
NAPC, Physics Section
International Atomic Energy Agency, Wagramerstrasse 5, PO Box 100
A-1400 Vienna, Austria
E-mail: d.ridikas@iaea.org
This paper gave an overview of the research reactor issues and challenges world-wide. The speaker
reported on the IAEA activities related to Research Reactor (RR) networks and coalitions during the
last four years, being the major topic of this Technical Meeting. Both recent achievements and future
planed actions were listed with the major emphasis on enhanced RR utilization through facilitated
access to the neighbouring Member States without RRs, created new capabilities leading to potential
revenue generation, revised and implemented strategic and business plans, self-monitoring and selfevaluation using comprehensive performance indicators. Some new initiatives also were introduced
and described. Finally, the speaker discussed and presented the main objectives and expected output
of the meeting.

1

According to the order of presentations.
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2. Germany, Hampel

Training, Research, Isotopes around the world
Gabriele Hampel
University of Mainz, Institute of Nuclear Chemistry, Germany

Corresponding author: Gabriele.Hampel@uni-mainz.de
“Training, Research, Isotopes around the world” – that is the name of a TRIGA-web page developed
at the University of Mainz, Germany. Its mission is to connect the TRIGA facilities in the world and
to demonstrate the benefits of safe research reactors in today’s society. In 1958, the prototype TRIGA
(Training, Research, Isotopes, General Atomics) nuclear research reactor was commissioned by
General Atomic (GA) in San Diego, California in the United States. This first reactor was called the
TRIGA Mark I reactor and was licensed to operate at a power level of 10 kW. Today, more than 30
TRIGA reactors are in operation around the world, with additional variants such as the Mark II and
Mark III. TRIGA reactors are water-cooled open pool reactors built in a variety of configurations and
capabilities. They can be operated in steady state mode with thermal powers of up to a maximum of
14 MW, as produced by the TRIGA in Pitesti, Romania, and in pulse mode with a maximum peak
power of about 250 MW for 30 ms, as produced by a TRIGA Mark II. Typical applications for
TRIGA reactors are nuclear education and training, neutron activation analysis, isotope production,
medical irradiations for BNCT, and special beam port experiments for exotic (yet essential) basic
research projects in physics and chemistry. These exotic research projects make use of the high
flexibility of TRIGA reactors. A global TRIGA network would maximize the benefits of world-wide
nuclear research and of educational and training activities, as well as improve maintenance and
nuclear safety at these facilities.
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3. Slovenia, Smodis

The JSI’s TRIGA Research Reactor: Utilization and Services in National,
Regional and International Contexts
B. Smodiš, L. Snoj
Jožef Stefan Institute, Jamova cesta 39, SI-1000 Ljubljana, Slovenia
Corresponding author: borut.smodis@ijs.si
The 250 kW TRIGA Mark II reactor of the Jožef Stefan Institute (JSI) has continuously operated
since the year 1966. The organisational status of both the institute and the reactor has been changing
throughout this period; the Reactor Infrastructure Centre (RIC) is presently an organisational unit of
JSI, as part of the JSI’s infrastructure program funded by the Slovenian Research Agency (SRA).
According to its status at the national level, RIC is available to the contractors of programs and
projects funded by SRA. Other users are mostly universities and other educational institutions
offering training and education in nuclear and radiological sciences. The services offered, comprise:
(1) Neutron activation analysis (NAA) in both instrumental and radiochemical modes; (2) Neutron
and gamma-ray irradiation of various kinds of materials intended to be used for research and
applicative purposes; (3) Training and education of university students as well as on-job staff working
in public and private institutions; and (4) Verification of computer codes and nuclear data.
At the regional level, RIC offers services, primarily NAA, to the neighbouring countries and
participates in two IAEA-coordinated research reactor (RR) coalitions: the East European Research
Reactor Initiative (EERRI) and the Mediterranean Research Reactor Network (MRRN). The role of
RIC in both coalitions is explained in more detail in the full paper.
At the international level, RIC is involved in both bilateral and international cooperation. At the
international level, RIC offers high-quality NAA services to international organisations such as
Institute for Reference Materials and Measurements (IRMM), participates in NATO SPS projects and
receives trainees from IAEA-TC and ICTP/IAEA STEP programs. At the bilateral level, collaboration
with many countries had been established, including France, Argentina and Brazil. Examples of
success stories in international collaboration are presented, showing the possibilities of enhanced
utilisation and provision of RR products and services in the Mediterranean Region.
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4. Italy, Salvini

Education & Training and Research Activities in Nuclear Field at the
University of Pavia and Institute of Advanced Studies of Pavia
A. Salvini1, A. Borio2,4, M. Cagnazzo1, M. Oddone3, S. Manera1 G. Magrotti1
1) Laboratory of Applied Nuclear Energy (LENA) University of Pavia, Via Aselli,41 27100
Pavia , Italy
2) Department of Physics - University of Pavia, Pavia via Bassi,6 27100, Italy
3) Chemistry Department Sec. Radiochemistry University of Pavia, Via Taramelli, 12 Pavia
27100, Italy
4) Institute of Advanced Studies of Pavia (IUSS) - Viale Lungoticino Sforza, 56 ,27100 Pavia,
Italy

Corresponding author: asalvini@unipv.it
The University of Pavia and the Institute of Advanced Studies of Pavia have developed in the years of
experience with a TRIGA MKII (250kW) research reactor the capabilities in various fields. The
Reactor operates continuously since 1965 with an annual operational time at nominal power (250 kW)
of about 300 - 400 hours (depending upon the time schedule of some experiments and research
activities). The Reactor is mainly used for BNCT research, INAA activities, TRAINING and
EDUCATION in NUCLEAR CULTURE. The Laboratory has also implemented an integrated
management system for the reactor operation & maintenance activities, leading to the ISO 9001:2008
certification and compliance with the IAEA standard GSR3.1. Experiences demonstrates how
lecturing/training activities for research reactors are extremely valuable for supporting nuclear culture
both for education of new generation of students and researcher as for personal training. Low and
medium size research reactors within a university framework offer the best opportunity for the
development of a national nuclear education & training system in connection with international
institutions for the implementation of the most up to date safety standards. These experiences will be
presented with particular evidence in which has shown better responses.
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5. Bulgaria, Krezhov
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6. Turkey, Mercimek

Strategic and Action Plan of ITU TRIGA MARK II Research and Training
Reactor

Mehmet Mercimek1, Zeyneb Camtakan1, Muhittin Okka1, Tayfun Tanbay1, Mehmet Genceli1,
Beril Tuğrul1, Üner Çolak1, Sema Akyıl Erentürk1, İskender Reyhancan1, Sevilay
Hacıyakupoğlu1
1) Istanbul Technical University, Energy Institute, Ayazaga Campus, 34469 Maslak - Istanbul
E-mail: mercimek@itu.edu.tr
There is a common perception to assess the role and functionality of research reactor facilities in order
to increase their utilization. The development of a multi-purpose strategic plan provides a way of
handling these changing pressures. It is a beneficial tool to enhance long term sustainability and
utilization of a research reactor.
In this study, a five year strategic plan 2012-2016 is developed for ITU TRIGA MARK II Research
and Training Reactor. This plan is prepared based on the IAEA-TECDOC-1212 which provides
guidance for the reactor managers to develop a strategic plan. It consists of a facility description,
existing and potential capabilities, stakeholders’ needs, SWOT analysis, mission and vision
statements, objectives, and strategic considerations.
An action plan is also included in the strategic plan. It consists of a number of action steps, objectives,
responsibilities and deadlines to enhance the utilization of the reactor. In the first half of 2012, some
actions have already been performed. In order to increase education and training activities in the
reactor, operator and supervisor training programs, 5 and 20 day internship programs have been
prepared in English and national language. Also a program and promotional brochures for public
visitors have been created. As a result of these actions, the number of visitors is increased
significantly during the first half of 2012.
Neutron activation analysis (NAA) and neutron imaging are unique techniques requested by industry
and academia. However, the current condition of the reactor does not permit efficient utilization. The
modernization of pneumatic rabbit system, beam port structures, and cooling system will be very
beneficial for wider and more effective use of the system by all stakeholders. Therefore, a national TC
project has been prepared and submitted to improve reactor auxiliary systems as a part of the action
plan.
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7. Morocco, Nacir

The preparation of the business plan for the Moroccan Reactor

B. Nacir

CEN-Maamora, CNESTEN, Rabat, Morocco

E-mail: nacir@cnesten.org.ma

CNESTEN is operating a TRIGA Mark II Reactor with a power of 2 MW. The Institute has prepared
a strategic plan for the period 2011-2014. For reactor utilization the main points in the strategic plan
are:
- Enhancement of scientific production in accordance with national scientific research orientations
- Development of services and products for self-reliance based on an established business plan
- Development of training and education activities at national and regional level
- Strengthening of CNESTEN capabilities to serve as TSO for a NPP
In order to cope with these points we prepared a questionnaire for every user of the facility before
using the reactor. The field of utilization concerns: NAA, radioisotope production (I131), neutronradiography, solid state physics and training and education. The main objective is to obtain a
comprehensive overview about the end users in all areas, to enhance the reactor utilization, to put a
marketing strategy and to define an action plan for each opportunity.
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8. Malaysia, Masood
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9. USA, Ünlü

Interdisciplinary Research at the Radiation Science and Engineering
Center at the Pennsylvania State University

K. Ünlü
The Pennsylvania State University, Radiation Science and Engineering Center,
University Park, PA 16802 USA
E-mail : k-unlu@psu.edu
The Radiation Science and Engineering Center (RSEC) facilities at the Pennsylvania State University
include the Penn State Breazeale Reactor (PSBR), gamma irradiation facilities (In-pool Irradiator, Dry
Irradiator, and Hot Cells), Radioanalytical Applications Laboratory, Neutron Beam Laboratory,
Graphite Pile Laboratory, Radiochemistry Teaching Laboratory and various radiation detection and
measurement laboratories. The PSBR, which first went critical in 1955, is the longest continuously
operating university research reactor at the USA. The PSBR is a 1 MW, TRIGA with moveable core
in a large pool and with pulsing capabilities. A variety of dry tubes and fixtures are available in or
near core irradiations. A pneumatic transfer system is also available for irradiation of samples. In
steady-state operation at 1 MW, the thermal neutron flux is 1x1013 n/cm2sec at the edge of the core
and 3x1013 n/cm2sec at the central thimble. The PSBR can also pulse with the peak flux for maximum
pulse ~ 6x1016 n/cm2sec with pulse half width of ~10 msec. The RSEC facilities are heavily used for
nuclear science and engineering research and education. Neutron beam techniques have improved
during the last two decades due to technological advances, and new and innovative approaches have
emerged for the applications of these techniques. Examples of these innovations for applications of
neutron beam techniques for multidisciplinary nuclear science and engineering research at the RSEC
will be presented. Some of current multidisciplinary neutron beam and related research projects at
RSEC are: Time-of-Flight Neutron Depth Profiling, Testing Neutron-Induced Soft Errors in
Semiconductor Memories, Soft Error Analysis Toolset Development, Neutron Intercepting
Semiconductor Chip, Study of Water Distribution and Transport in a Polymer Electrolyte Fuel Cell
Using Neutron Imaging, Neutron Activation Analysis of Dendrochronologically dated tree-rings,
Neutron Beam Characterization of beam ports, Modeling of the existing beam-port facility by using
MCNP, Neutron Imaging System Improvements, Thermal-Hydraulic Analysis of Neutron Cooling
Systems, Industrial and Medical Radioisotope Production Research.
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10.

USA, Ünlü

Nuclear Security Education Program at the Pennsylvania State University

K. Ünlü, I. Jovanovic
The Pennsylvania State University, Radiation Science and Engineering Center,
University Park, PA 16802 USA
E-mail : k-unlu@psu.edu
The Pennsylvania State University Nuclear Engineering Program is one of the leaders in
undergraduate and graduate-level nuclear engineering education in the USA. One of the Program's
strategic goals is to increase the quality, stature and visibility of the Penn State Nuclear Engineering
degree programs, especially at the graduate level. Two areas have been identified as critical to
achieving this strategic goal. The first is to increase our research activity in areas having national
impact. The second is to increase our emphasis of nuclear science research and education. To achieve
our strategic goal and support the DOENNSA-GTRI Nuclear Security Education Initiative, Penn State
University developing a new graduate degree program in nuclear security in collaboration with
Massachusetts Institute of Technology and Texas A&M University. The PSU will educate and train
future nuclear and security experts with this new nuclear security graduate level curriculum within the
United States as well as worldwide. The nuclear security education program at Penn State will grant a
Master of Science and a Master of Engineering degree after completion of the proposed curriculum.
The Nuclear Security Master Program will be available for resident graduate students as well as
World-Campus students. The requirements for both the Master of Science and the Master of
Engineering degree will be same for both resident students and World- Campus students. Several
courses are being created by the combined efforts of the PSU, MIT and TAMU. The materials created
at one institution will be used to teach the same course or be used to modify existing courses at the
other institutions. This approach will create a unified nuclear security education program meeting the
goals of the DOE-NNSA-GTRI program. Each university will seek to provide sustainability of the
curriculum by exploring options for adding the new courses into their respective course offerings. The
PSU is developing Nuclear Security- Security- Detector And Source Technologies and Nuclear
Security- Applications of Detectors/Sensors/Sources for Radiation Detection And Measurements
(Laboratory). Course description and Learning Objectives of these courses will be presented.

33

Working Document, Report of the IAEA-F1-TM-42756, jointly with TC project RER1007
Research Reactor Coalitions: Concerted actions in the Mediterranean Region
10 – 13 July 2012, Istanbul, Turkey

11.

Algeria, Abbaci

COMENA Capabilities in term of Nuclear Infrastructure and
Human Research Development

M. Abbaci1, M. Baaliouamer1, B. Meftah1, M. Salhi2
1) Commissariat à l’Energie Atomique, BP. 399, Alger RP, Alger, Algeria.
2 ) Centre de Recherche Nucléaire de Birine, BP. 180, Ain Oussera, Algeria.
E-mail : M. Abbaci@comena-dz.org, abbacim@yahoo.fr
Algerian Atomic Energy Commission (COMENA) owns two operating nuclear reactors Es
Salam (15 MW) and NUR (1 MW), equipped with several horizontal and vertical channels,
providing very stable thermal fluxes and offer diverse applications. Associated Research and
analytical laboratories employ qualified personnel and various experimental devices to
perform scientific R&D works and to provide technical services in different fields. In order to
increase their utilization, concerted efforts have been made to improve existing techniques
and to implement new ones taking into account the national demand and users’ profile. These
reactors contribute also to the education and training (E&T) in nuclear engineering and
related topics. To consolidate those actions, the Algerian Institute of Nuclear Engineering
(IAGN), the Support and Training Centre in Nuclear Security (CSN) and several AFRA
designed centers have been created recently.
In the framework of the regional cooperation, COMENA has joined the Mediterranean
Research Reactor Network (MRRN) in order to improve the capabilities of our institution and
share experience focusing on education & training activity and utilization of the Research
Reactors. In this proposal, The COMENA has participated in the establishment of the work
plan of the MRRN and took part at all planned activities. Moreover, COMENA continue to
sustain and improve AFRA & MRRN activities and encourage the exchange of information
on leading topics of common interest.
In this presentation, we focus on an overview of the reactors capabilities, human resources
development, results achieved with the experimental facilities available. This programme
allows ensuring optimal management of the two components: E&T and analytical techniques
& irradiation technology within the two research reactors in one hand and the participation of
the COMENA to the MRRN in other hand.
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12.

Foulon, France

Nuclear education and training on low power research reactors at CEA
F. Foulon1, B. Lescop1, X. Wohleber2
1) National Institute for Nuclear Science and Technology, CEA, Saclay Research Center,
91191 Gif-sur-Yvette, France
2) Nuclear Reactors and Services Department, CEA, Saclay Research Center, 91191 Gif-surYvette, France
Corresponding author: francois.foulon@cea.fr
As a part of the French Atomic Energy and Alternative Energies Commission (CEA), the
National Institute for Nuclear Science and Technology (INSTN) carries out various education
and training programs on nuclear reactor theory and operation. These programs take
advantage of the use of an extensive range of training tools that includes software
applications, simulators, as well as the use of low power research reactors. Today, ISIS
research reactor, at CEA Saclay, is specifically dedicated to the education and training
activity. ISIS reactor is a pool type reactor with a nominal power of 700 kW. A large panel of
training courses, with durations ranging from 3 to 24 hours, has been developed on ISIS
reactor. The training courses are included, both in academic degree programs and continuing
education courses for professionals at French and Internationals level. In 2011, the Education
& Training activity represented around 360 hours distributed over 70 working days. The
recent conversion of ISIS reactor to E&T activity is presented. A detailed presentation of the
training courses and associated education and training programs is given. The future
development of the INSTN’s international courses are discussed, one of the major
development being concerned with the development of Internet Reactor Laboratory.
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13.

Italy, Santagata

The ENEA’s nuclear facilities in the Mediterranean Research Reactor
A. Santagata1, M. Sepielli1, R. Bove1, O. Fiorani1, E. Santoro1, M. Palomba1

1) Italian National Agency for New Technologies, Energy and Sustainable Economic Development
(ENEA), C.R. Casaccia, via Anguillarese, 301, 00123 S. Maria di Galeria Rome, Italy

Corresponding author: alfonso.santagata@enea.it

ENEA has a long experience in the nuclear engineering field and manages two nuclear research
reactors, namely TRIGA RC1 and the fast neutron source RSV TAPIRO. These reactors are involved
in various activities financed by International programs or by Italian Government programs (Ministry
of Economic Development) or by private companies. In spite of these activities much more efforts
could be done in the maximization of their utilization and the Mediterranean Research Reactor
Network (MRRN) is aimed to achieve this target. In this network ENEA agrees on sharing his
facilities, experiences, knowledge and good practices in the three main areas identified in the previous
meetings: educational and training, neutron activation analysis and neutron radiography. Both TRIGA
and TAPIRO are able to contribute to educational and training courses and hand-on experiences while
a radiography system is under development at TRIGA reactor. This document is intended to describe
the current activities which have been performing with the ENEA's research reactors and the related
laboratories and to outline the possible collaborations involving the MRR Network.
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14.

Algeria, Salhi

Development of Neutron Scattering Experiments in
Algeria’s Nuclear Research Reactors
M. Salhi1, M. Hachouf1, N. Bensemma1, M. Abbaci3, M. Allek2,
A. Nedjar2, T. Siguini2 and T. Zidi3
1) Centre de Recherche nucléaire de Birine BP180-Ain Oussera
2) Centre de recherche Nucléaire de Draria- Alger
3) Commissariat à l’Energie Atomique-Alger.
Corresponding author : mn_salhi@yahoo.fr
Mastering neutron beam technology and neutron scattering are the two objectives of the current
Research and Development program implemented around nuclear research reactors in Algeria. Its
expected results are the upgrading of existing facilities, such as the neutron diffraction system, Small
Angle Neutron Scattering (SANS) and the development of new experimental facilities. This allows to
satisfy the growing demand of local scientific community, especially in the field of material science
and to provide services at the regional level.
The upgrading of the systems consists on improving the resolution of the neutron diffraction system
and the noise background reduction of the SANS. Assistance from the network in the terms of
workshops, training and expertise will contribute greatly to achieve the expected results. The
availability of significant potentialities in some countries that are members of the MRRN network can
be used to assist us to achieve the planned objectives.
Finally, some recommendations are suggested to further enhance this cooperation.
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15.

Portugal, Barradas

The Portuguese Research Reactor transnational cooperation activities

N.P. Barradas, M.A. Stanojev Pereira, S.M. Almeida, H.M. Dung,
M.C. Freitas, A.R. Ramos, J.G. Marques

Instituto Tecnológico e Nuclear, Instituto Superior Técnico, E.N. 10, 2686-953 Sacavém, Portugal

Corresponding author: nunoni@itn.pt

The Portuguese Research Reactor (RPI) is a 1 MW, pool-type reactor, built by AMF Atomics and
commissioned in 1961. The activities currently underway in the RPI cover a broad range from
irradiation of electronic circuits to calibration of detectors for dark matter search, as well as by more
classical subjects such as neutron activation analysis and neutron tomography. The RPI took part, as
agreed in the previous Mediterranean Research Reactor Network (MRNN) meeting in the framework
of the IAEA Technical Cooperation project "Enhancing the sustainability of research reactors and
their safe operation through regional cooperation, networking and coalition" (RER4032), in the Round
Robin experiment for quality assessment for neutron imaging and computed tomography, organised
under the aegis of the IAEA. The samples were received and measured, and the results will be
reported. The neutron activation group (NANE) was involved in different regional cooperation
activities, namely taking part, within the MRNN scope, in the NAA proficiency test organised by the
IAEA. Also, NANE integrates a team with more than 15 European countries and organized a training
course, under IAEA TC projects RER/2/005 and RER/1/008, on elemental particulate matter and air
quality management. A summary of these regional cooperation activities will be made, with emphasis
on those more relevant to the MRNN.
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16.

Egypt, Shaat

Neutronic Calculations for Production of Mo-99 by Neutron Activation at
Material Testing Reactors (MTRs)

M.K. Shaat and E. Amin
Atomic Energy Authority, Cairo, Egypt
m_shaat30@yahoo.com
The neutronic calculations for the production of molybdenum-99 (99Mo) at the Second
Egyptian Research Reactor (ETRR-2) will be calculated. WIMS D4-code together with the
three dimensions CITVAP-code were used to calculate the average neutron flux at the
different irradiation positions at ETRR-2 reactor. Also, the parametric calculations for the
time behaviour of the activity of 99Mo as function of the irradiation time in the different
irradiation positions of ETRR-2 reactor were performed. The optimum irradiation conditions
to get the best yield and high specific activity for 99Mo were considered. The processing
procedure for production of 99Mo from the irradiated targets, MoO3 was presented.
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17.

Greece, Stamatelatos

Greek Research Reactor Related Activities at NCSR “Demokritos”
I.E. Stamatelatos
Institute of Nuclear and Radiological Sciences & Technology, Energy & Safety
NCSR “Demokritos”, Aghia Paraskevi, Athens, 15310, Greece
Corresponding author: ion@ipta.demokritos.gr
The Greek Research Reactor (GRR-1) is a 5 MW, pool-type reactor, built by AMF Atomics and
commissioned in 1961. Around the Greek research reactor, which is currently under extended shutdown for refurbishment, there is a scientific team with expertise in nuclear technology, applied
radiation physics and material technology. The current research activities include use and
development of neutronics and thermo-hydraulic codes for reactor safety calculations and modelling
of nuclear experimental facilities, decommissioning of nuclear facilities and radioactive waste
characterization, development and utilization of experimental facilities and methods aiming to apply
neutron scattering and nuclear analytical techniques in research and technology and carry out
interdisciplinary research in the areas of material science, nanotechnology, condensed matter physics,
applied nuclear physics, health, environment and cultural heritage studies. Moreover, there is
expertise in material studies employing neutron and X-ray scattering techniques, in radiation damage
for fusion related materials, and neutron activation analysis, including capabilities for non-destructive
analysis of large volume samples and gamma spectrometry. Furthermore, available techniques include
prompt-gamma neutron activation using isotopic neutron sources, and X-ray scattering methods
(Small-Angle X-ray scattering, X-ray diffraction, X-ray reflectivity). In addition, the laboratory has
an important role in post-graduate education and training, since it is the only laboratory in Greece
with integrated know-how on nuclear technology, safety and applications. The Greek Research
Reactor personnel participate in IAEA, EU and National research programs and collaborative
agreements and links with European and International nuclear research centres have been established.
Several research projects are based on utilization of European Large Scale facilities (TUM-FRMII,
Germany; ISIS-UK, LLB-CEA, France; DELFT, The Netherlands, etc). Finally, members of the
laboratory participate in International forum and provide support to the Government, public bodies
and the industry.

40

Working Document, Report of the IAEA-F1-TM-42756, jointly with TC project RER1007
Research Reactor Coalitions: Concerted actions in the Mediterranean Region
10 – 13 July 2012, Istanbul, Turkey

18.

Turkey, Kutlu

Reinforcement of Reactor Building and Modernization Programme of the
TR-2 facility

Osman KUTLU
Cekmece Nuclear Research and Training Centre (CNAEM)
Turkish Atomic Energy Authority (TAEK)
Yarimburgaz Mah., Nukleer Arastirma Merkezi Yolu, K.Cekmece
34303 Istanbul, Turkey
E-mail: osman.kutlu@taek.gov.tr
TR-2 is a 5 MW pool type research reactor, established at 1981 in the pool of TR-1 reactor which is
constructed at 1961. The building was considered to be seismicity unreliable by the National
regulatory body at 1995 and operation of the TR-2 was limited since that time.
At 2010 seismic safety of reactor building was reassessed. Prior to that assessment, Project for
reinforcement of Reactor building was started at 2011. Presently, Construction plan was completed
and construction works will be start in a few mounts. Considering the future operation program some
SSGs also need to be modernized.
Reinforcement studies of reactor building and modernization program of TR-2 were given in this
paper.
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19.

Tunisia, Kahlaoui

Networking and Cooperation using nuclear research reactors: The case of
Tunisia
N. Kahlaoui
National Center of Nuclear Sciences and Technologies
Technopole Sidi Tahbet, 2020 Sidi Thabet
E-mail: nidhal.kahlaoui@cnstn.rnrt.tn

Tunisia has many years of experience related to the peaceful uses of nuclear energy
and currently we have an ambitious program for the development of peaceful uses of
nuclear energy. Cooperation in the fields of education and training and the use of
nuclear research reactor is one of the key issues for the success of the program.
International cooperation and support is important.
In this paper, we will review the activities of the National Center of Nuclear Sciences
and Technology in Tunisia and we will discuss on the need of Tunisia for cooperation
in the areas of research reactor utilisation and operation, especially for the upcoming
years since Tunisia is in the process of setting up the required infrastructure for the
installation of the first nuclear power plant by 2020.
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20.

Germany, Hampel

Neutrons for Service of the Society
Gabriele Hampel, Stephan Zauner
Universität Mainz, Institut für Kernchemie
Fritz-Strassmann-Weg 2, D-55128 Mainz, Germany
Heiko Gerstenberg
TU München – Forschungs-Neutronenquelle Heinz Maier-Leibnitz (FRM II)
Lichtenbergstraße 1, D-85748 Garching, Germany

Bernard Ponsard
SCK•CEN, BR2 Reactor Boeretang 200, BE-2400 Mol, Belgium

Today, the public media have an important impact on the public beliefs, opinions and attitudes and
also on political decisions. This was demonstrated very efficiently by the media coverage following
the Fukushima accident. Similarly the public debate in modern media and in particular the internet
certainly affects the acceptance and even the future of research reactors. On the other hand the internet
provides an ideal forum to inform the public about the applications of research reactors and their
social benefits.
Neutrons produced in research reactors deliver an important service to the society, this is the basic
message of the internet page “research-reactors.eu” which was initialized and realized commonly by
the research reactors TRIGA Mainz (Germany), BR2 Mol (Belgium) and FRM II Munich (Germany).
This presentation summarizes the content of this web-page.
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21.

Indonesia, Kuntoro

Utilization Availability of the RSG-GAS Reactor
For Regional Cooperation

I. Kuntoro1, Sudiyono2
1). Center for Technology of Reactor and Nuclear Safety, BATAN Puspiptek Area Blg. No.
80, Serpong, Tangerang, INDONESIA
2). Center for Multipurpose Reactor , BATAN Puspiptek Area Blg. No. 30, Serpong,
Tangerang, INDONESIA

email: imank@batan.go.id

The RSG-GAS reactor, previously known as MPR-30 was designed as a multipurpose reactor with a
nominal power of 30 MW, producing thermal neutron flux in the order of 2.0 x 1014 n.cm-2.s-1. As a
multipurpose reactor, RSG-GAS provides facilities for utilization on material testing, radioisotope
production, R&D using neutron irradiation as well as training. The reactor was brought into operation
since 1987. Nonetheless, for about 25 years the reactor has been operated at an optimum power of 15
MW, mainly for serving radioisotopes production, neutron activation analysis, neutron beam
experiments and general irradiation to support the research and development activities. The isotope
production dominates the reactor utilization and it becomes the basis for consideration in setting the
reactor operation schedule up. Program to enhance the radioisotope production is continuously
elaborated to meet the national and regional demands. A research reactor network was initiating under
the Forum of Nuclear Cooperation in Asia specifically for providing facilities and operation time for
radioisotope production. Reactor utilization for neutron activation analysis is effectively carried out in
the field of health, food, mineral, and environment. In the field of neutron beam experiments,
equipments embedded in each beam tubes such as PD, HRPD, SANS, HRSANS, TAS, FCD, Neutron
Radiography were revitalized to perform an optimum operation during the last five years. Efforts to
build cooperation either locally with universities or regionally through bilateral, IAEA or Asia
Oceania Neutron Scattering Association are being initiated. Reactor description, achievements in
conduct of operation and its utilization will be discussed. Further enhancement of reactor utilization is
explored to attain as maximum capacity as possible including efforts through cooperation with the
overseas parties for possible contribution in the reactor networking or coalition initiatives.
Key words: The RSG GAS reactor, utilization enhancement, coalition
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22.

Czech Republic, Sklenka

Role of Research Reactor Coalitions in Nuclear Education and Training
with Special Focus on EERRI - Eastern European Research Reactor
Initiative Activities

Lubomir SKLENKA1, Jan RATAJ1
1) Department of Nuclear Reactors, Faculty of Nuclear Science and Physical Engineering, Czech
Technical University, V Holesovickach 2, 180 00 PRAHA 8, Czech Republic
E-mail: lubomir.sklenka@fjfi.cvut.cz
The Eastern European Research Reactor Initiative (EERRI) was established in January 2008. The
general term “reactor coalition” covers research reactors themselves together with reactor users, e.g.
the most important reactor users from universities, research institutions, medicine, industry, etc. The
main purpose why reactor coalitions have been established is the chance to offer complex services in
wide range of activities which a single reactor cannot offer and synergy benefit from joint effort of the
coalition. An example how such a reactor coalition works is the oldest one – EERRI which covers
nine research reactors from Central and Eastern Europe and its main activities are focused in the four
main areas: Neutron beam applications, Radioisotope production, Fuel and material testing and finally
Education and training.
During the first four years EERRIs’ high flux reactors have started to coordinate yearly operation
schedule in order to avoid shutdown of two or more reactors at the same time and have started work
on closer collaboration on their radioisotope production and fuel and material testing. In the field of
neutron beam applications, inventory of all experimental equipment from all reactors has been done
and coalition’s database has been created. Coalition effort is focused on joint activities on neutron
scattering school also.
The most developed area of coalition’s activities is education and training. During the first year two
databases have been created, the first one describes all educational and training subjects which EERRI
could perform. The second database describes all coalition’s reactor experiments for education and
training. Soon after its establishment, the EERRI in collaboration with IAEA organised and
successfully carried out the first training courses named “Group Fellowship Training Programme on
Research Reactors” and dedicated for the IAEA Members States aiming to build their first research
reactor. The first five courses were organised in the years 2009 - 2011 where took part more than 35
participants from 15 Members States. The next course is going to start in autumn 2012.
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23.

Kazakhstan, Chakrov

Eurasia Research Reactor Coalition – a Collective Effort for Self-Reliance

P. Chakrov1, K. Alldred2, A. Carrigan2
1) Institute of Nuclear Physics NNC RK. Ibragimov st. 1, Almaty 050032, Kazakhstan
2) International Atomic Energy Agency. Wagramer strasse 5, A-1400 Vienna, Austria
E-mail: chakrov@inp.kz
Eurasia Research Reactor Coalition established in Vienna in November, 2008, consolidates five
research reactors located in Czech Republic, Hungary, Kazakhstan, Ukraine and Uzbekistan. The
basic idea of this coalition is to cooperate in supply of Molybdenum-99 produced by neutron
activation of natural or enriched stable molybdenum to international market, which could make a
significant contribution into self-reliance of the coalition reactors. Molybdenum-99 (Mo-99) is a
parent isotope for Technetium-99m (Tc-99m), the most demanded isotope for nuclear medicine, used
in roughly 80% of diagnostic nuclear imaging procedures globally. Almost all Mo-99 at the market is
currently produced by fission of uranium, mostly highly enriched uranium. Production of this isotope
by neutron activation gives much lower specific activity but, at the same time, has several important
advantages. Two coalition founders, WWR-K reactor in Almaty, Kazakhstan, and WWR-SM reactor
in Tashkent, Uzbekistan, had many years of experience in production of Mo-99/Tc-99m generators
using “neutron activated” (n,) Mo-99. The technology is proliferation resistant, cheap, safe,
environmental friendly and proven in small local markets. There are many potential producers,
making possible a diversified and robust supply network. Neutron activation is potentially a
significant source of Mo-99/Tc-99m but is not a direct substitute for fission-derived Mo-99 in the
global market. The full-scale deployment of neutron activated Mo-99 requires a modified Tc-99m
production technology at customer side as well as purpose-designed certified transportation containers
and corresponding logistics. Efficiency of (n,)Mo-99 transportation and application can be
substantially increased by using enriched stable Mo-98 as the initial material but the amount of this
isotope available currently is insufficient for large-scale production. Collective actions of coalition
members and partners are necessary to resolve these issues, and to provide a new dependable and
robust source of Mo-99 for international nuclear medicine market.
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