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Abstract 

 
1995 the last sharing and compiling the existing knowledge about of the Research Reactor 
(RR) Ageing and the respective Fighting took place during a well attended conference at 
Geesthacht, Germany, documented in a bulky conference report. In 2008, the International 
Atomic Energy Agency has initiated another collecting and evaluating in order to make the 
recent experience in that field available to the entire RR Community. In this respect, RR 
operators, plant and system fabricators, and authorities as well as independent experts 
have been approached worldwide for providing contributions and fortunately about every 
second member of the RR Community replied. 
 

The paper is going to inform on the experience gained by the contacts and communication, 
the replies as well as the non-replies, underlying motives as problems, and mainly, some 
statistical evaluation of the findings. The respective IAEA data base being accessible to all 
members of the RR Community will be briefly characterised in structures and contents.  
 
 

1.       INTRODUCTION, HISTORY OF THE INITIATIVE 
 
15 years ago, in 1995 a conference on RR Ageing took place, commonly organized by the 
German Research Center GKSS and the IAEA and hosted by the GKSS at Geesthacht1. It had 
been attended by more than 100 participants. 
 
Parallel to preparing that conference the IAEA supported by an International Working Group 
plus a Symposium at Chalk River and 
a Seminar at Bangkok prepared a 
respective TECDOC dealing with the 
Management of Research Reactor 
Ageing2.  
 
In the period between 1995 and 2009, 
the IAEA has supplemented the 
documents dealing with the Ageing & 
Ageing Management of Research 
Reactors either directly or indirectly 
(for the related terms dealing in parts 
with ageing see Fig.1); some examples 
of valid documents are: 
 
• IAEA-TECDOC-448   “Analysis and Upgrade of I&C Systems for the modernization of 

RRs” (1988) 

                                                 
1 The proceedings have been published as GKSS 95/E/51 containing 31 contributions from RRs + 10 other 
(authorities, RR-groups) 
2 IAEA-TECDOC-792 ”Management of Research Reactor Ageing“, issued 1995 

Fig.1: Fighting Ageing and closely related activities 

ANTI-AGEING

Maintenance

Refurbishment

Backfitting

Modernization Repair

Re-licensing

Upgrading

Corrosion 
Inhibition

 



• IAEA-TECDOC-1263    “Application of non-destructive testing and in-service 
inspection to research reactors” (2001) 

• Technical Report Series No. TRS-443      “Understanding and Managing Ageing of 
Material in Spent Fuel Storage Facilities” (2006) 

• Technical Report Series No. TRS-418  “Corrosion of Research Reactor Aluminium Clad 
Spent Fuel in Water” (2004) 

• IAEA-SSS No. NS-G-4.2   “Maintenance, Periodic Testing and Inspection of RR Safety 
Guide” (2006) 

• IAEA-Nuclear Energy Series No. NP-T-5.4    “Optimization of RR Availability and 
Reliability: Recommended Practices” (2008) 

• IAEA SS Draft Safety Guide DS 412  “Ageing Management for Research Reactors” 
(2008) 

 
2. STRUCTURE OF THE INITIATIVE 
 
End of 2008 the IAEA invited some experts for a brainstorming on what can be done to 
intensify the fighting of ageing at RRs. In evaluating the existing rules and the numerous 
parallel initiatives such as on Modernisation & Refurbishment 3 and Availability and 
Reliability4 as well as considering that the IAEA has renewed the general guiding for 
Managing of Research Reactor Ageing already5, the expert group came to the conclusion that 
a actual compilation of the actual knowledge and experience of the RR operators with ageing 
effects and the respective curing might be a very helpful effort for 
 

• Making all existing knowledge in that field available to all members of the RR 
community, and 

• Making - by approaching these members under the initiative - all operators aware of the 
importance of considering and fighting ageing. 

 

Such compilation of what the community knows in total and what was assumed having 
substantially grown during the 15 years after the last appraisal would support understanding 
of ageing and channelling the necessary support to the most important subjects. It was never 
understood to reduce the importance or replace the systematic fighting of ageing at an RR and 
the application of the comprehensive compilation of tools and systematics contained in the 
IAEA guides, standards, and TECDOCs.  
 . 
The expert group recommended inviting all members of the RR community (operators, 
authorities, independent technical experts, RR industry (plant designers/suppliers, component 
manufacturers)) for contributing with their experience and applied methods to the intended 
compilation, planned as a data bank accessible to every member of the RRC via the 
INTERNET. For the necessary systematics of the information a template and a scheme for 
categorizing the ageing issues were created. This scheme consisted of 76 RR systems 
structured into 9 system groups (reactor block & fuel, cooling, confinement, I&C, power 
supply, auxiliaries, experimental facilities, documents & configuration management, others 
(staff, codes, etc.) and 13 Ageing Mechanisms which were: 
 

(A) Radiation induced change of properties 
(B) Temperature induced change of properties 
(C) Creep due to stress / pressure 

                                                 
3 Meeting at Delft 10/2006, published as IAEA-TECDOC-1625 08/2009 
4 IAEA-Nuclear Energy Series No. NP-T-5.4  “Optimization of RR Availability and Reliability: Recommended 
Practices” (2008) 
5 The 1995 IEAE-TECDOC-792 (Management of Research Reactor Ageing) has been replaced by the IAEA 
Draft Safety Standard  IAEA-DS412  (Ageing Management for Research Reactors) in 2007 



(D) Mechanical displacement / fatigue / wear from thermal cycling, flow induced vibration, . 
(E) Material deposition 
(F) Flow induced erosion 
(G) Corrosion 
(H) Damage due to power excursions 
(I)  Flooding – deposition and chemical contamination 
(J) Fire – effects of heat, smoke, or reactive gases 
(K)  Obsolescence / technology change 
(L)  Changes in requirements / acceptable standards 
(M)  Others (time dependent, to be named) 
 

The members of the RR community were asked to report on the issues by selecting the 
category, writing a short report comprising the issue and the mitigating or corrective actions, 
and providing a suitable contact address, all in English language. 
 
3. TEN MONTHS OF WORK FOR THE INITIATIVE 
 
Subsequently the main findings of that endeavour and the experiences from working for the 
initiative are depicted. 
 
First the gross figures of the initiative:  
o 133 RRs approached (+ 28 authorities / industrial suppliers etc.) 
o 77 RRs replied (+ 6 authorities / industrial suppliers) 
o 367 ageing issues reported distributed over 62 out of the 76 different systems 
 
All the related contacts were made by Email; without that tool the entire initiative would have 
been impossible6. Numerous Emails became necessary to get a final version of a completed 
template; the record in number of Emails per one completed template has been 55 (forward + 
backward). Altogether the number of different versions of completed templates at my PC 
arrived at 851, just to illustrate what it means to work for the IAEA and the RR community. 
On average, every template had a revision rate of 4.5 times.  
 
Why are such initiatives so demanding, for the contributor as well as for the receiving party? 
To me a contributor faces one or more of the following problems: 
The language: Having read 851 templates in 10 month I am quite aware of the problem 
which many operators have to read bulky IAEA documents or understand the instruction sheet 
of an IAEA template. Thus, there are special thanks to all those contributors who mailed 
completed templates despite major language problems. And I hope I could transfer most of 
them to versions acceptable to the author and understandable to the community. However, the 
IAEA should not underestimate the language issues when expecting that their numerous 
guides and standards are considered adequately. 
The template: Many contributors interpreted the binding template as some hint on how to 
proceed. Some drafted there own template to overcome the biding limitations. Many did not 
reply to the specific items listed there. And sometimes the template, that has to be admitted, 
was not suitable, e. g. for authorities and their contributions. 
The advisor: Frequently it took quite some efforts to convince an operator to complete a 
template for a rather unknown advisor, telling him the specific problems of his plant 

                                                 
6 It should be mentioned here that the author expected a list of Email-addresses of the RR operators being 
available at the IAEA. This expectation was completely wrong. The search for suitable addresses and contact 
persons was a substantial effort at the beginning of the work and continued to be a problem as such addresses are 
ageing fast as well, e. g. by changing everything except the RR (the name of the operator, the provider, the 
names of staff, etc.). Older publications are of rather limited support, too. 



originating from its age. This reaction was understandable and accepted but created 
supplementary efforts. 
The ‘secrets’: Opposite to other institutions the nuclear facilities have been trained over 
decades to report on their problems always and completely, even when the problem could be 
cured easily before it became a risk. However, ageing issues are frequently in the grey area 
between need to report (e. g. to the supervising authority) and the demand to keep the RR in 
operation for clients or the own research tasks for a certain period. Certainly – also learned 
from the completed templates – budgets for fighting / curing ageing issues are not available 
easily. Thus, the decision for frankly reporting on the issues might have been not an easy-one 
at many plants and some operators have decided against publishing their experience, e. g. on 
problems long ago7.  
The effort: Completing a template was a simple task: 15 minutes for an US operator, 2 – 5 
hours in case of language problems. Only very few were allowed to give up during the 
revision period or withdraw their input as the specific problem could not be accepted as 
caused by ageing. 
 
In summing up, I consider language problems8 and keeping ‘secrets’ secret have been the 
major reasons for not replying or rejecting the request. Also, the (too) frequent approaches by 
the IAEA and authorities make operators less willing to participate in just another initiative. 
 
4. ABOUT RESULTS 
 
Replying of every second institution that had been approached seems to be  
a rather positive result 
and allows – besides 
the valuable 
experience as reported 
in any specific case – 
some statistical 
considerations. The 
number of reported 
cases available for 
statistics is 367 which 
have been filled into 
the system – 
mechanism matrix of 
76 systems × 13 
mechanisms (about 
1000 elements) and 
looked at in terms of 
the frequency of the 
named mechanisms 
(Fig. 2) as well as 
systems and system groups (Fig. 3). 
 

                                                 
7 The author recommends the IAEA to consider approaching the authorities at those countries which operate RRs 
prior to starting such initiatives in order to avoid hiding experience with ageing due to the described conflict of 
interests 
8 The author admits that statistical evaluations for the different regions (continents) did not show a major 
difference in the reply rate from the region, opposite to what the language problem seems to suggest. The lowest 
response rate was from the US RRs. 

 
 
 
 
 
 
 
 
 
 
 

 

 

A=Radiation induced                E=Material deposition           J=Fire consequences 

B=Temperature induced          F=Erosion                                 K=Obsolesc./techn.change 

C=Creep due to stress…           G=Corrosion                             L=Requir./standard changes 

D=Mech.displ./fatique/wear  H=Damage ← power exc.       M=other (staff, PSA, …) 

                                                      I =Flooding consequences 

 

 Fig.2: Frequency of named Ageing Mechanisms 
                blue: nominated systems ( out of 76) per mechanism     
                red:   total named issues (out of 367) per mechanism 
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From Fig. 2 one gets the most frequently named mechanisms being obsolescence / 
technological change (92 out of 367) and corrosion (70 out of 367), whereas damages from 
power excursions, flooding & fire are of no importance obviously. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Frequency of named single systems (columns) and system groups (coloured areas) 
 
 

Fig. 3 shows that the most named systems are Primary Cooling (38) and Reactor Protection 
(24), followed by Secondary Cooling and Control Console (22 each). This is of special 
importance as all these systems are safety relevant. Fig. 3 adds the information that among the 
system groups, Reactor Block /Fuel (97) dominates the nomination against I&C (90) and 
Cooling (70). 
 

 
 
Fig. 4:  Age distribution of approached (participating and non-participating) RRs per half decade 
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As known to everybody in the RR-community, the RRs worldwide are really old mostly. This 
is also reflected by Fig. 4, showing the age distribution of the participating (and non-
participating) RRs. The average age (status October 2009) of the approached 133 RRs was 
39.5 years past first criticality, the respondents had 38 years since, the non-responders 42. 
 
An analysis of 
the average 
thermal power 
of all RRs 
having been 
involved in 
the initiative 
resulted in 
13.48 MW per 
approached 
RR. The 
average power 
of those 
having replied 
is very nearby 
(13.21 MW). 
Further Fig. 5 
clearly 
indicates that 
there is no 
dependence of the reply rate from the power of the RR, the power being also a measure for 
the number of staff at the plant generally. 
 
5. THE TECHNICAL MEETING AT THE IAEA 
 
Thirty operators9 presented their reported ageing issues at a Technical Meeting in Vienna10 
early October; in these cases the ageing was illustrated in real detail, far beyond the contents 
of the completes templates11.   
 
At that meeting the increasing shortening of lifetime of modern I&C systems has been 
emphasized by some participants. Having been already an all-time-problem item this decrease 
of lifetime by e. g. non-deliverable spare parts becomes even more concerning. On the other 
hand, projects for renewal of control consoles for certain RR-types such as TRIGAs or 
recently SURs12 might be a way out for some of the low power reactors. Generally, the short 
lifetime of some systems and the early termination of spare part supplies are contradictory to 
the long life of most of the RRs. The statistics of the contributions shows that obsolescence is 
already the most frequent ageing mechanism (see Fig. 2) and I&C systems are the second 
most mentioned system group (see Fig.3). Also it should be mentioned that the specific 
support by the IAEA in this field is a rather aged document.13 

                                                 
9 Beyond the 30 contributions on sole ageing at RRs there were 10 more contributions under the headline of 
Modernization & Refurbishment at RRs as well as some general contributions  
10 A completed template was a pre-condition for getting invited to the Technical Meeting 
11 The contributions are foreseen to be published by the IAEA in a revised edition of TECDOC -1625: Research 
Reactor Modernisation and Refurbishment which contains the results of a workshop held at the HOR at Delft, 
The Netherlands in October 2006 only for the time being 
12 SUR stands for Siemens UnterrichtsReaktor  
13 IAEA-TECDOC-443, Analysis and Upgrade of Instrumentation and Control Systems fort he Modernisation of 
Research Reactors, Vienna (1988) 
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Fig. 5: RR power dependence of replies  



 
 
6. THE DATA BASE & CONCLUSIONS 
 
The importance of the collection of the experience on ageing is however not in the statistics. It 
is contained in the created data base. Reporting on how the ageing problem has been 
discovered / detected, how the consequences have been handled, how budget constraints had 
influenced curing, whether external help has been needed, whether the treatment of the ageing 
issue was part of a broader context on dealing with ageing at the plant14 and how the 
authorities have been involved15. All those features are reported for 367 cases, and 
additionally there is always a contact person (with Email address) for more information.  
 
The data base is aimed as a living document16. The access to the data base has been restricted 
to members of the research reactor community17, to avoid misuse of the contained information. 
But frequent use as well as frequent updates and supplements (without being pushed, 
squeezed and tortured by persons as the author) are what the expert team aimed at when this 
initiative had been started in October 2008. 

                                                 
14 It should be mentioned here, that the replies to this aspect in the completed templates – if provided – clearly 
demonstrated a lack of systematics in approaching ageing issues at the majority of RRs despite the support given 
by the IAEA since 1995 latest. Mostly staffing seems to be inadequate for a systematic following up of all 
existing supportive recommendations plus safely operating the RR. 
15The author considers it being an interesting task to evaluate the 367 reported cases with regard to the aspects 
mentioned here, e. g. by a student performing a practical course  
16 New input to the data base can be fed in via < E.Bradley@iaea.org> 
17The data base can be accessed via the link <http://filenet.iaea.org/OurWork/ST/NE/NEFW/AD/index.html>  


