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EXECUTIVE SUMMARY 
A series of presentations on the assessment of core structural components and materials at their 
facilities were given by the experts. The different issues related to degradation mechanisms were 
discussed. The outputs include a more thorough understanding of the specific challenges related 
to Research Reactors (RRs) as well as proposals for activities which could assist RR 
organizations in their efforts to address the issues involved. The experts recommend that research 
reactor operators consider implementation of surveillance programs for materials of core 
structural components, as part of ageing management program (TECDOC-792 and DS-412).  
It is recognised by experts that adequate archived structural material data is not available for 
many RRs. Access to this data and extension of existing material databases could help many 
operating organisations extend the operation of their RRs. The experts agreed that an IAEA 
Technical Meeting (TM) on Assessment of Core Structural Materials should be organised in 
December 2009 (IAEA HQ Vienna). The proposed objectives of the TM are: (i) exchange of 
detailed technical information on the assessment and ageing management of core structural 
materials, (ii) identification of materials of interest for further investigation, (iii) proposal for a 
new IAEA CRP on Assessment of Core Structural Materials, and (iv) identification of RRs 
prepared to participate in proposed CRP. 
Based on the response to a questionnaire prepared for the 2008 meeting of the Technical 
Working Group for Research Reactors, the number of engineering capital projects related to core 
structural components is proportionally lower than those related to,for example, I&C or electrical 
power systems. This implies that many operating research reactors will be operating longer using 
their original core structural components and justifies the assessment and evaluation programmes 
and activities proposed in this report. 
1. INTRODUCTION 
More than 50% of operating research reactors today are over 40 years old and continued 
operation has to be carefully assessed, especially from the structural materials point of view. In 
many instances data for the radiation-induced changes of RR core materials resulting from 
exposure to very high neutron fluences are not generally available. Further data is needed in 
order to evaluate the reliability of research reactor core components. Age-related degradation 
mechanisms can cause unplanned outages of the research reactors which could in many cases 
have been predicted by the implementation of appropriate surveillance programs.  
Typically, neutron-based irradiation programmes are carried out at research reactors for several 
purposes, with particular attention to structural and moderator materials and fuel samples from 
conventional nuclear power plants (NPP). The aim of such experiments is to determine the 
neutron fluence effects on mechanical properties of materials. Research and development of new 
advanced materials is also carried out. Many Member States with RRs are involved or interested 
in such Research & Development (R&D) projects. 
Very little information from analysed structural materials can be used as inputs to evaluating RR 
structural materials because of marked differences in the materials and operating environment 
between power reactors and RRs. However, the methods used in such programs could be applied 
to RR, especially in the preparation of a predictive/preventive maintenance program and 
supporting extended RR operation. 
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With the present international resurgence in interest in nuclear technologies the demand for 
research reactor irradiation services is expected to increase and older, heavily utilized reactors 
may be required to extend their operation to provide these services. The uncertainties regarding 
the reliability of their core structural materials consequently need to be addressed. 
Based on input received from operating RRs, the number of engineering capital projects related 
to core structural materials is proportionally low compared to other project work. The table 
below reflects the results of a survey of operating RRs completed prior to the IAEA Technical 
Working Group on Research Reactors meeting in February 2009 (220 projects reported related to 
RR operations). Note: only 3.6% of the total projects reported are related to core structural 
systems or components. 
Number of projects 
(percentage of total) 

Scope of project 

43 (19.5%) RPS, I&C, NI’s (incl. console mods) 
22 (10.0%) Primary cooling 
21 (9.5%) Electrical power & distribution (incl. emergency power) 
19 (8.6%) Fuel / core design 
19 (8.6%) Secondary cooling (incl. cooling towers and chilled water systems) 
12 (5.5%) Ventilation / AC 
10 (4.5%) Control rods / drive system 
8 (3.6%) Reactor / SNF pool and pool support structure 
8 (3.6%) Radiation monitoring system 
7 (3.2%) ECCS 
7 (3.2%) Security / physical protection 
7 (2.3%) Fire detection / protection 

37 (16.8%) 
Other (general facility overhaul, water treatment, reflector, seismic 
upgrades, shielding, buildings / structures (incl. containment), 
documentation / management system (incl. SAR, license renewal, etc.), 
rad. waste (solid, liquid and gaseous), compressed air, heavy water 
management system) 
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2. OBJECTIVES: 
(1) To identify key issues on RRs degradation mechanism and their possible impact to the 

operation (short and long term perspective); 
(2) To analyse the situation on monitoring of degradation mechanism, especially for core-

structural materials; 
(3) To overview RR surveillance programmes; 
(4) To summarise the irradiation programmes for testing NPPs RPVs and development of new 

structural materials (fusion and fission reactors); 
(5) To draft a working material (report). 
 
3. MEETING ACTIVITIES 
3.1 Meeting participants 

The meeting was attended by 5 international experts. Mr A. D’Arcy was the chairman and 
rapporteur of the meeting. Mr Andrej Zeman, NAPC/ PS and Mr Edward Bradley, NEFW/ 
RRS were the IAEA Scientific Secretaries responsible for this meeting. 
Five scientific presentations were made between 1 and 2 June 2009. The presentations 
covered a wide spectra of issues related to assessment of core structural materials of research 
reactors. Country presentations were followed by extensive discussions during the working 
groups.  
� Mr Marc Scibetta, SCK-CEN MOL (Belgium) 
� Mr. Milos Kytka, NRI (Czech Republic) 
� Mr Alan J D'Arcy, SAFARI-1 NESC (South Africa) – rapporteur 
� Mr Martin McDonough ATR (USA) 
� Mr Jeffry Brower ATR (USA) 
� Mr Eugene Matranga  ATR (USA) 
� Mr Andrej Zeman, NAPC (IAEA) - scientific secretary 
� Mr Edward Bradley, NEFW (IAEA) - scientific secretary 
Annex 1 gives the tentative Agenda of the meeting and Annex 2 the contact details for the 
Consultants. 
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3.2 Summary of Presentations 
The overview of the presentations is summarised in the following chapters: 
3.2.1 Mr Marc Scibetta, SCK-CEN Mol (Belgium):  
INTRODUCTION 
The BR2 reactor is a 100 MWth research reactor operated by the Belgian Nuclear Research 
Centre SCK-CEN. It is one of the major MTR-type reactors in the world and the major 
infrastructure of SCK-CEN. First operation with an experimental loading started in early 1963. 
Since then the reactor has been intensively used for fuel and materials testing for various reactor 
projects in a national and international framework and for the production of radioisotopes for the 
major companies active in this field. The reactor has undergone two major refurbishments, 
various safety reassessments and lately an INSARR mission by IAEA. In the following the past 
and present ageing issues related to BR2 core structural material are reviewed. 
THE EARLY YEARS 
The design of the reactor was undertaken in the late 1950's by a mixed Belgian-American team 
according to specifications established by SCK-CEN and safety criteria existing at that time in 
the USA. The construction took less than five years and was mainly executed by Belgian 
industry. The first license to operate was issued January 1961 by the province of Antwerp as an 
amendment to the license for the whole research centre which was valid for 30 years (until 
1986).  
Initially the safety concerns were mainly directed toward the nuclear part of the installation. The 
classical part of the installation was considered to be a well-known field and intervened in the 
safety considerations mainly through their interaction with the nuclear part.  
Later, safety assessments concentrated on the more and more sophisticated experimental devices 
developed for BR2, such as rigs and loops containing Na or NaK, gas loops, pressurized water 
capsules, ³He screens. This led to a revision of the maximum credible accident. In general, 
ageing of core structural material was not a major concern. 
THE FIRST REFURBISHMENT 
During the 1970's, some problems due to material degradation were discovered. First the primary 
heat exchangers had to be replaced due to accelerated corrosion. Then the ³He poisoning of the 
beryllium matrix was discovered by time dependant reactivity variations after an extended 
shutdown needed to replace the heat exchangers. 
A detailed inspection of the beryllium matrix showed that non-negligible swelling of the matrix 
had occurred. As a consequence a periodic inspection program of the matrix was established and 
discussions with the regulatory body started as to which fluence the matrix could be safely 
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operated. The admissible shutdown periods in function of the ³He poisoning were also 
established. For BR2, the beryllium matrix can be considered as a core structural material as its 
integrity is necessary to maintain the different components of the core in position. 
Finally at the end of 1978 it was decided to replace the beryllium matrix and to proceed with a 
general overhaul of the installation. A detailed inspection program revealed failures on some 
equipment due to ageing, like corrosion of some bolts of the primary circuit inside the reactor 
pool. A visual and ultrasonic inspection of the aluminium vessel was also executed and gave 
satisfactory results. 
A maximum allowable fast fluence was established for the beryllium matrix, which consequently 
became the life-limiting component of the installation. A first surveillance program based on 
surveillance specimens was launched for the beryllium. 
THE MAJOR ACCIDENTS AND CONSEQUENCES 
The 1979 TMI-II accident clearly put the focus on the importance of LOCA evaluations and 
more generally to the detailed safety assessment of all classical parts of a nuclear installation. 
The WASH-1400 (the so-called Rasmusson report) introduced the probabilistic approach to 
safety. For BR2 this triggered the request by the regulatory body for further safety evaluations, in 
particular the evaluation of the consequences of a rupture of the aluminium vessel. 
In 1986 a general safety reassessment of SCK-CEN as a whole was due in order to obtain a new 
license. For BR2 in particular an overall safety reassessment was conducted. A new Royal decree 
concerning the authorization for operation without time limitation was issued. A major change 
was that a quinquennial safety review was requested from now on (a procedure similar to the 
decennial safety reviews imposed on power reactors).  
THE NEW CHALLENGES IN A CHANGED ENVIRONMENT 
After Chernobyl the global mission of SCK-CEN was reviewed and a general streamlining of the 
activities around safety issues resulted. In general operational safety became a major concern. 
The Safety audits by the regulatory body became more formalized and discussions took place up 
to which point the requirements for nuclear power stations are applicable to BR2. In particular 
this question was debated when a new PWR-type loop for BR2 was reviewed by the Safety 
Committee. The ageing of this loop is a concern that is currently investigated.  
THE SECOND REFURBISHMENT 
In 1995 the beryllium matrix reached its established fluence limit. After the managing board had 
established that the BR2 reactor was an essential tool to accomplish the mission of SCK-CEN, it 
was decided to proceed with an extensive refurbishment of the installations. To ensure that all 
important aspects would be addressed in the refurbishment program, a comprehensive evaluation 
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process was started in 1991 in close collaboration with the authorized inspection agency and the 
regulatory authorities.  
In this context, the life extension of the reactor aluminium vessel was an important cause for 
concern.  
The prospects for life extension were evaluated well in advance against the following life 
limiting phenomena: fracture toughness, low cycle fatigue and corrosion. During the 
refurbishment shutdown an exhaustive visual, ultrasonic and eddy current inspection was carried 
out. A structural analysis of the vessel and a predictive physically based model of aluminium 
toughness degradation were also developed. As a result of all these efforts, the aluminium vessel 
was requalified for the planned 15 years life extension. In addition a surveillance program based 
on pre-irradiated representative aluminium samples has been initiated. 
THE PRESENT SITUATION 
Two sets of surveillance specimens of the aluminium vessel are retrieved and tested. Those 
results confirm the established model and allow the qualification up to 2020. Planned additional 
surveillance set will be needed to qualify extended operation. 
New concerns arose related to ageing of the CALLISTO which is a PWR loop facility inside the 
BR2.  The failure of the CALLISTO structural pressurized tube can dramatically impair the 
safety of the plant. To address the safety of this component, a structural analysis is performed. A 
hypothetical semi-elliptical flaw is considered for which its size was determined based on 
available NDT information. This initial flaw potentially grows by two mechanisms, the first 
being low cycle fatigue and corrosion, the second being the most relevant and strongly affected 
by the so-called Irradiated Assisted Stress Corrosion Cracking mechanism. The maximum 
operating condition, expressed in terms of Full Equivalent Power Days (FEPD), is obtained 
when the crack reaches a size under which the maximum loading condition cannot be sustained 
by the fracture toughness of the material. Fortunately much material data needed for the 
assessment can be found in the literature as the loop operates under PWR condition. In order to 
confirm the analysis and potentially extend the life of this experimental loop, a NDT inspection 
is needed. This inspection is currently planned and will allow a re-evaluation of the maximum 
operating condition and inspection interval.  
3.2.2 Mr Milos Kytka, NRI (Czech Republic) 
INTRODUCTION 
The Nuclear research institute Rez plc operated the VVR-S research reactor with a maximum 
thermal power of 2 MWth and a vessel from Al-alloy from 1959 till 1989. Due to required higher 
operation parameters the reactor and all components were fully reconstructed. The new 
generation of the research reactor, named LVR-15, was put into operation in 1990.  
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DESIGN and USE OF THE REACTOR  
The LVR-15 is a light-water moderated and cooled tank nuclear reactor with forced cooling and 
a maximum thermal power of 10 MWth.  
Reactor vessel is cylindrical, without cover and with an OD 2,300 mm and height 5,760 mm. The 
wall thickness of the cylindrical part is 15 mm and the bottom thickness 20 mm. The vessel is 
manufactured from welded plates from austenitic stainless steel of GOST 08Ch18N10T and CSN 
17246.4 (ASTM 304). Structural plate and active core barrel are manufactured from Al-alloys. 
The reactor vessel and primary circuit are filled with demineralized water. Primary coolant 
working temperature is in the range of is 35 – 50°C. 

Additional experimental equipment and parts were designed for special goals: 
- Nine horizontal channels; 
- RVS-3 experimental loop for irradiation in PWR/BWR conditions; 
- BWR-1 and BWR-2 loops for irradiation in BWR conditions; 
- Irradiation rigs for the irradiation of metal specimens; 
- HTR irradiation channel (under construction); 
- SCWR irradiation loop (under construction). 
INTEGRITY and LIFETIME of the CORE STRUCTURAL COMPONENTS 
The safety criteria for operation and inspection are fulfilled according to IAEA 
recommendations from the beginning of operation. Due to the limited lifetime of the reactor 
and structural components, a large effort has been given to the lifetime evaluation of main 
parts of the reactor as well as for PLIM activity, including in-service inspection. 
Main degrading mechanisms of the most important parts are summarized in the following 
table: 

Potential degradation mechanism 
LVR-15 part Material Degradation Dominant effect 

Reactor vessel 08Ch18N10T,  
CSN 17246.4 

Radiation damage, 
corrosion, fatigue 

Corrosion 
Plate and active core Al-alloys Corrosion Corrosion 
Horizontal channels Al-alloys Corrosion Corrosion 
Grids CSN 17246.4 Radiation damage, 

corrosion, fatigue 
Corrosion 

The periodic in-service inspection plan has been checked and extended. The following 
activities are expected: 
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-  “Surveillance specimen” of the flange connection (in real dimensions) between the 
reactor vessel and horizontal channel has been placed to obtain the same water and flow 
conditions as the real one; 

 This “surveillance specimen” will be periodically checked for the tightness and 
 deformations in the tightening surface; 
- Periodic testing of welds of the primary circuit piping; 
 Change from X-ray testing into ultrasonic testing using TOFD (Time-of-flight-
 diffraction) method; 
 Testing of inaccessible weld joints by visual method using the endoscope; 
- Vibration measurements of input and output piping, mainly below the vessel, bottom with 

extrapolation to the bottom and plate; 
- Testing of horizontal channels at five yearly intervals for potential corrosion damage - 
 pitting;   
- Dye-penetrate and eddy current testing of heat exchangers in five years intervals. 

At the same time, based on results of these tests and stress analysis of the system, it is 
recommended that lifetime and integrity evaluations of main components should be performed at 
five yearly intervals. 
3.2.3 Mr Alan J. D'Arcy, SAFARI-1 NESC (South Africa) - rapporteur 
The SAFARI-1 Research Reactor is a tank-in-pool type MTR with an operating power of 20 
MW. It is beryllium reflected and light water moderated and cooled. This presentation looked at 
the results of a theoretical assessment of the present condition of the SAFARI-1 research reactor 
core support grid after 43 years (2 800 000 MWh) of operation. The theoretical assessment of the 
core support grid represents the start of a programme to evaluate the long term sustainability of 
operation of the reactor facility, but also addresses a short term need to demonstrate the ability of 
the core grid to support the slightly heavier (~20% mass increase) LEU fuel with core 
conversion. 
The core support grid is manufactured from ASTM-2014 Aluminium (a 4.5% Cu alloy with 
smaller traces of Si, Mg and Mn in the alloying mix) and has approximate outside dimensions of 
640 x 680 x 150 mm. It is provided with ~60 mm diameter penetrations through its thickness to 
accommodate the core components (fuel and reflector assemblies) in a 9 x 8 matrix. 9 of the 
penetrations are rectangular to accommodate control assemblies and three larger penetrations for 
loop experiments are also provided. A finite-element model of the core grid is shown in the 
figure below. In the figure, the core grid is shown inverted and arrows representing the forces 
due to the fuel loading and coolant flow are directed upwards.  
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The assessment yielded the following results, based on neutron fluences after operation for 
480 x 106 s (present time) of 1.56x1022 thermal and 0.56 x 1022 fast n/cm2, and further 
operation for 820 x 106 s (an arbitrary future time) of 2.67 x 1022 thermal and 0.96 x 1022 fast 
n/cm2: 
• Changes in chemical composition with respect to both the alloying elements and the 

impurities: The chemical composition remained essentially within the original 
specification at both the present and the future times. The largest deviations were seen in 
the depletion of the Cu by ~0.4% by β+ and β- transmutation to equal increases in Ni and 
Zn respectively; 

• Changes in mechanical properties with respect to thermal reactions (strength increase; 
embrittlement) and fast reactions (displacement, interstitial atoms, voids): the changes in 
mechanical properties due to both thermal and fast neutrons, in particular the loss of 
ductility, can be considered to be negligible; 

• Fatigue, fatigue crack growth and fracture resistance: a resonance and frequency response 
analysis showed that the cyclic stressing of the core grid for all conceivable past and 
future operating conditions has and will remain below the threshold for infinite fatigue 
life. This result is captured in the following graph, showing infinite life threshold at ~22 
MPa and a set of oscillatory stress curves up to 100% of the working stress at frequencies 
swept through the first resonance harmonic at ~1050 Hz. The two flow operating points 
are shown to fall below threshold, leading to the conclusion that fatigue-related 
phenomena will be absent; 
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• Corrosion and corrosion stress cracking resistance: These aspects were not covered in 

detail in the theoretical analysis. It was noted that the increase in Ni content may have a 
small positive effect on corrosion resistance and hence SCC resistance. A visual camera 
of the core grid shows no visible signs of corrosion after 43 years of service; 

• Wear and tear: Appreciable wear and tear exists on the core grid, due to frequent 
refuelling throughout the life of the reactor.  

Based on the theoretical assessment it is possible to provisionally conclude that, apart from wear 
and tear, the core grid is in good condition and still capable of performing its safety function 
within the original safety factor. Replacement of the core grid is recommended on the basis of 
wear and tear. After replacement, the old core grid should be used to obtain experimental data to 
support the theoretical assessment and to address aspects that were not possible to address in the 
theoretical assessment. 
3.2.4 Mr M. McDonough, Mr  J. Brower, Mr E. Matranga  ATR (USA) 
The Advanced Test Reactor (ATR) is designed to provide a thermal flux of up to 10^15 n/cm^2-
sec. It has the capability to vary power by a factor up to four to one between lobes.  Because of 
this high flux the core was designed such that those components subjected to the highest fluence 
could be replaced periodically. The core is surrounded by a beryllium reflector.  The reflector 
consists of eight sections each encompassing forty-five degrees of arc.  The beryllium blocks are 
enclosed in an aluminum core reflector tank and are supported vertically by an aluminum support 
plate which it in turn supported by a stainless steel structure ultimately supported by the reactor 
vessel bottom head closure plate.  The beryllium reflector houses the sixteen outer shim control 
cylinders (OSCC).  The OSCCs are fabricated from beryllium and have a hafnium absorber plate 
covering 160 degrees of their circumference. The OSCCs are one of four reactivity control 
systems for the reactor. In the center of the core is an aluminum neck shim housing that houses 
22 hafnium neck shim rods and two hafnium regulating rods.  The 22 hafnium neck shim rods 
are used to compensate for fuel burn up.  The regulating rods are controlled by a closed loop 
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control system. One of the two regulating rods is in service during power operations to 
automatically control reactor power.  Five stainless steel in-pile tubes and six aluminum flux trap 
baffles pass through the core. 
The beryllium blocks exhibit cracking and swelling when subjected to a neutron flux. The 
beryllium blocks have a number of horizontal saw cuts in them to arrest crack propagation. 
Swelling or breakage of a beryllium block can interfere with the operation of OSCCs or encroach 
on a fuel annulus such that a fuel element cannot be removed or inserted. The nuclear 
engineering group performs fluence calculations for the beryllium blocks each operating cycle.  
Fluence and visual inspection results determine the inspection interval. The inspections are 
performed during reactor outages with a camera after the reactor is defueled. The condition of 
the beryllium is the most important factor in determining the need for a core internals change. 
The in-pile tubes and flux trap baffles that pass through the core are subjected to asymmetric 
neutron flux. This causes bowing. Bowing of flux trapp baffles has encroached on the fuel 
annulus.  The in-pile tubes and flux trap baffles are replaceable. All components within the core 
reflector tank are replaced at eight to twelve year intervals.   
The core support plate is only loaded in compression and is inspected during core internals 
changes.  The stainless steel reactor vessel is separated from the core by the beryllium reflector 
and four feet of water resulting in a fluence several orders of magnitude less than components 
inside the core reflector tank. The vessel material is less susceptible to neutron embrittlement 
than the high tensile steels used in power reactor pressure vessels. The ATR core and vessel 
design is such that these structures are not expected to limit the operating life of the facility. 
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3.3 Overview of the experts discussions 
The experts of the consultants meeting discussed following topics: 

� Different approach for ageing management of RR, especially focussed on critical 
structural components; 

� Particular challenges related to the assessment of core structural material of RR; 
� Specific material and related degradation mechanisms, in particular: fracture toughness 

degradation of aluminium alloys (vessel and core grid), corrosion of stainless steel, 
radiation damage of beryllium reflector/matrix; 

� General strategy for the assessment of core structural material from the licensing point 
of view; 

� Actions/information that would be useful for the operating organisation for the 
extension of the RR operational life, such as a database of RR with core material 
descriptions; 

� Need for exchange of information eventually within a specific technical meeting; 
� Need for a material properties reference (alloy, given environment (temp) and high 

fluence at RR conditions); 
� Need for a new characterization program that could eventually be performed within a 

CRP.  
4. CHALLENGES IN THE ASSESSMENT OF CORE STRUCTURAL MATERIALS 
4.1 Definition of core structural components 
In order to ensure consistency in the discussions at this CM and in initiatives that may follow it, 
core structural components are defined here as the key parts of the reactor structure that provides 
any form of support for the reactor core. In particular, the following parts are considered as core 
structural components: 

� Structures that support the static, dynamic and/or seismic loadings on the core (e.g. core 
support grid, frames and weldments to the main reactor vessel or block etc); 

� Structures that enclose the core and/or define its geometric boundary (e.g. core box, 
reflector tank etc); 

� Structures that provide geometric definition within the core (e.g. beryllium reflector, 
graphite moderator etc); 

� Structures that provide a pressure boundary for the core (e.g. reactor vessel); 
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� Structures that enclose and/or provide a pressure boundary for experiments that operate 
in an environment different from that in the core (e.g. loop experiments, thermal 
columns etc); 

The assessment of the core structural materials can be driven by one of the following issues: 
� Safety related: critical safety component (consequence of failure), internally driven or 

external request from regulator; 
� Sustainability related: life limiting component, internal request from the operator to 

allow long term operation of the RR. 
4.2 Challenges related to the assessment 

The challenges related to the assessment are listed below: 
� For historical reasons absence of initial surveillance program can be a challenge, 

absence of archive material, absence of detail information on material, welding 
procedures, fabrication (quality of the information); 

� RRs are for many aspects unique => assessment data from other RRs cannot easily be 
transferred from one reactor to another; 

� Usefulness of (published) data generated from nuclear power reactors can be very 
limited due to the very different operating conditions; 

� Available (published) data (mechanical properties, corrosion, fatigue, swelling …) on 
materials specific to RR in irradiated condition representative of RR can be very sparse;  

� Surveillance specimens inside a RR consume some valuable space; 
� Available resources for assessment of RR are much more limited than is available for 

commercial nuclear power reactors; 
� No specific standards/regulations apply to RR especially for surveillance programs; 
� Generation of new databases for RR-specific materials and/or monitoring of the state of 

the material (e.g. NDT) can be very expensive. 
Difficulties for the local authorities to regulate requests for assessment of RR 
� Regulators cannot rely on standard documents to set up requirements; 
� Regulators cannot rely very much on knowledge and experience from power reactors, 

which generally constitute to their main activities. 
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5. METHODOLOGY FOR ASSESSMENT OF CORE STRUCTURAL COMPONENTS 
5.1 Categorisation of the structural components 
Structural components are of primary importance as they guarantee the structural integrity of the 
reactor. Components can be classified as Category I or II according to the following definition 
(IAEA-TECDOC-792); 
Category I: Equipment of primary importance, not redundant, not easily repairable or 
replaceable (e.g. reactor tank, primary coolant system piping); 
 
Category II: Equipment of primary importance, but redundant or can be easily inspected or 
repaired (e.g. internal supporting structure); 
The significance, consequences and acceptability of accidents related to failure of each 
component should be performed. Components of category I can be life limiting; 
The suggested general scheme for assessment of core structural material should be done 
according to the different steps that are detailed below. 
5.2 Identification of critical core components 
To identify the different core structural components, the operator needs to perform a review of 
the different components of the RR and perform a categorisation according to their functionality. 
An example of a categorisation is suggested in the following Table 2. Core structural 
components are defined above. 
Table 2 – Overview of structural components of RR1 
Reactor block, fuel and internals *Category 
1 Reactor tank/vessel I/II 
2 Pool structure  
3 Core structure I/II 
4 Reflector I/II 
5 Thermal shield  
6 Biological shield  
7 Control rods and mechanisms  
8 Shielding  
9 Beam tubes  
10 Liner  
11 Fuel assemblies and storage  

* Categorisation has to be done individually. 
The items 1,3 and 4 are generally considered as critical core structural components.  
                                                           
1 This list comes from work completed during a December 2008 IAEA consultancy meeting (08CT15305) on RR Ageing Management and is 
based on TECDOC-972 and DS-412 (draft). 
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5.3 Identification of materials of critical components 
Structural components and their parts can be made of different material and different fabrication 
conditions (e.g. base, weld, HAZ). It is necessary to identify each material of critical components 
as degradation might be material dependent. For each material it is necessary to retrieve as much 
as possible of the original information, such as fabrication data, initial properties, approved 
deviations from specifications, welding procedures, inspection records. Typical structural 
materials and examples of their application are listed in Annex 4.  
5.4 Ageing mechanism 
Ageing is defined as a general process in which characteristics of Structures, Systems or 
Component (SSC) gradually change with time or use. This process eventually leads to 
degradation of materials subjected to anticipated service conditions. These include operational 
states (normal operation and anticipated operational occurrences) under which the SSCs are 
required to operate. The ageing effects due to accident conditions (design basis accidents and 
beyond design basis accidents) are evaluated on a case-by-case basis [DS-412 draft]. 
The ageing mechanisms should be identified for each material of each critical component. The 
degradation mechanisms of core structural materials are primarily driven by operating conditions 
and operation history. The effect of radiation, chemical interaction with coolant medium, 
operating temperature and cyclic mechanical loads have a direct influence on the degradation of 
the original mechanical properties which can lead to failure or damage of particular structural 
components. Relevance and importance of each aging mechanism should be assessed. According 
to the classification in IAEA-TECDOC-792, a short review of the relevant ageing mechanisms is 
given below. 
5.4.1 Radiation induced change of properties (ageing mechanism A2)3. 
The degradation of mechanical properties of structural materials is a direct consequence of 
microstructural damage. Fast neutrons interact with the crystalline lattice of the materials. In a 
given material, temperature and stress state, matrix damage can be assumed to be simply 
dependent on fluence. At higher irradiation temperatures the rate of damage is considered to be 
decreasing due to increased mobility of atoms. Generally, three-processes play a dominant role 
in the mechanism of radiation embrittlement of alloys, in particular: (i) direct matrix damage 
(DMD), (ii) precipitation hardening and (iii) segregation process (Figure 1). 
      

                                                           
2 The categorization (A, B, etc.) indicated for each mechanism represent Ageing Mechanisms developed during the December 2008 consultancy 
meeting (08CT15305) on RR Ageing and are also based on DS-412 (draft). 
3 Zeman, A. Radiation damage of structural materials in nuclear indus-try: general aspects, 10-th International Moscow School Of Physics, 
Moscow (2006). 
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Figure 1: (A) Microstructural degradation mechanisms of radiation embrittlement phenomenon 
(direct matrix damage, phase transformation, segregation and precipitation), (B) Schematic process 
of crack nucleation due to microstructural degradation. 
 
During matrix damage formation, some impurities (e.g. Cu) is known to lead to precipitation of 
nano-precipitates, also inducing matrix hardening and embrittlement. Depending on the type of 
structural material, the contribution of the various alloying elements and impurities, and their 
interactions to irradiation hardening and embrittlement, has to be considered. From the 
macrostructural point of view, the effect of neutron irradiation on metals is mainly to increase the 
yield and the ultimate strength and to reduce the toughness.  
Furthermore, helium and fission gas production within the metal matrix leads to changes in 
material properties and also to swelling. Swelling is particularly important in reactor control 
devices made of boron compounds. Fast neutron irradiation of graphite causes displacement of 
lattice atoms and leads to graphite growth and distortion. The Wigner effect in graphite is also a 
problem in some high power research reactors. For these reactors, embrittlement of beryllium 
components must also be considered. 
However, severe damage from radiation is not expected under most research reactor operating 
conditions because the concrete is usually not in a high radiation field. Furthermore, 
microchemical evolution of structural material due to transmutation reactions also plays a very 
important role, especially at high level of fluence.  
All degradation mechanisms related to the effects of radiation are linked to total fluence, dose 
rate, energy spectrum and irradiation temperature. In the case of RRs with high power density 
the effects of gamma heating should be considered as well. 
5.4.2 Temperature induced change of properties (ageing mechanism B). 
The operating temperature of core structural components is also an important factor which has to 
be taken into account. Normally, RRs are operated at low temperature approx. 50-60 °C 
therefore thermal ageing mechanisms may not be important. 
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5.4.3 Mechanical displacement / fatigue / wear from thermal cycling, flow induced vibration, or 
other cyclic loads (ageing mechanism D). 
Most research reactors operate at much lower pressures than power reactors. Therefore, pressure 
alone usually does not impose high stress on components in these reactors. Local high stress 
areas should be considered separately. Special care should be taken with experimental devices 
operated at high temperature and/or pressure.  
Vibrations and cycling of pressure, flow, or temperature develop loading stresses which may 
cause crack initiation and propagation leading to fatigue failure. Change of position of a set point 
is another phenomenon connected to vibration. Repeated relative motion of adjacent parts may 
result in fretting or wear. 
5.4.4 Corrosion (ageing mechanism G) 
Corrosion is typically the chemical reaction of structural material with its environment (coolant). 
Corrosion leads to material loss with surface degradation and loss of strength. Some types of 
corrosion, like stress/strain corrosion and corrosion fatigue, lead to loss of strength through crack 
initiation and propagation (stress-corrosion cracking). Another effect of corrosion is deposition 
of particles (corrosion products) in vulnerable places which can cause displacement of core 
structural component. Although there are many types and appearances of corrosion, it can 
generally be divided into three types, as follows: corrosion without mechanical loading, 
corrosion with additional mechanical loading, corrosion-erosion. Irradiation can enhance the 
sensitivity of the stress corrosion cracking (SCC) process, which is known as irradiation-assisted 
stress-corrosion cracking (IASCC). 
5.5 Structural safety assessment 
Structural safety assessment should identify the relevant degradation mechanisms for critical 
core structural components. In addition, important parameters collected during the operation 
should be analysed for indicators of degradations. The following inputs can support the structural 
safety assessment process: 
(1) Loading condition;  
(2) Material properties and their evolution with irradiation;  
(3) Initial flaw size (NDT);  
(4) Flaw size evolution by degradation mechanism (fatigue, corrosion,…);  
(5) History of fluence/spectrum seen by the component; 
(6) Review of operating data (chemistry records, equipment performance data). 
Output of the structural safety assessment is safety margin against failure, maximum operating 
condition or an inspection interval. 
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5.6 Modelling of degradation mechanism 
For the relevant degradation mechanism, it is necessary to develop models for the degradation 
mechanism that allow prediction of the evolution of the properties. Model is based on physical 
understanding of damage mechanism supported by literature or experimental data. The 
transferability of this model to the particular RR material condition should be demonstrated. 
5.7 Mitigating programs 
Where irradiation plays a role, the development of a surveillance program to verify the validity 
of the prediction model is desirable. Based on the service and operating conditions of the reactor, 
the operating organisation should specify a target or maximum fluence for which a given 
component or material is required to maintain its functionality (safety or sustainability).  
 
There are several good practices in the nuclear power industry from which to draw, for example 
ASTM 185 for light-water moderated nuclear power reactor vessels and ASTM 2215 for 
evaluation of surveillance specimens. Similar standards for non-nuclear facilities (e.g. petro-
chemical industry, fossil power plants, etc) may also be useful.  
A surveillance program needs to:  
(1) Identify the main issues needing surveillance, e.g. neutron damage, corrosion, erosion etc; 
(2) Identify the relevant structural components and the materials; 
(3) Manufacture surveillance specimens from the original material needed to verify the model; 
(4) Implement a dosimetry program to monitor the spectrum and fluence; 
(5) Irradiate the material in representative conditions – verify that the conditions are 

representative (e.g. temperature, neutron spectrum, dose rate);   
(6) Identify the intervals for specimen retrieval; 
(7) Perform PIE on the specimens to determine the required properties.  
An alternative to 2, 3 and 4 is to use decommissioned components from other RR, or to 
manufacture a model material having the same chemical composition as the material modified by 
irradiation and then irradiate it. 
An alternative to a full surveillance programme as described above is to use applicable data from 
other RR. 
For other degradation mechanisms, additional useful programs and parameters such as those that 
monitor reactor chemistry, reactor noise (small variations of neutron detector output), or the 
effects of temperature may be appropriate for early detection of corrosion, flow induced 
vibration in the cores of high power, high coolant flow reactors or temperature related 
degradation respectively. 
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6. RECOMMENDATIONS 
Experts recognize that adequate archived structural material data is not readily available for 
many RRs. Access to appropriate data that may exist and extension of existing material 
databases to cover specific applications could help many operating organisations extend the 
operation of their RRs. The recommendation of this meeting is therefore to launch a two-phased 
initiative to address these shortcomings: 
6.1 Technical meeting 
An IAEA Technical Meeting on Assessment of Core Structural Materials should be organised in 
December 2009 at the IAEA HQ in Vienna, with the following objectives: 
(i) To exchange and review detailed technical information on the degradation, assessment and 

ageing management of core structural components and materials; 
(ii) To identify structural materials of interest for further investigation (i.e. further elaboration of 

the partial list given in Annex 4);  
(iii) Determine the need, viability, terms of reference and organisation for a new IAEA CRP on 

Assessment of Core Structural Materials, and  
(iv) To identify RRs and other institutions prepared to participate in proposed CRP. 
6.2 Coordinated Research Project 
If the outcome of the TM proposed in 6.1 is to go ahead with the proposed CRP, the CRP should 
be of sufficient scope to address the shortcomings and fill in the gaps in the known databases for 
structural materials subjected to service in the cores of research reactors. The CRP should also 
address the methodologies for assessment and surveillance of such materials and the 
development of prediction models for critical core structural components (e.g. adaptation of the 
SCK approach outlined in section 3.2.1) 
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ANNEX 1 - TENTATIVE AGENDA 
 

IAEA Consultants Meeting (jointly NA-NE) 
 

Assessment of Core Structural Materials and Surveillance Programme of Research 
Reactors 

 
1-5 June 2009 

University Place, Center for Higher Education (CHE) Building 
Idaho, USA 

 
Monday, 1 June 2009 
08:00 - 08:30 Registration at ATR 
08:30 - 12:00 ATR Morning’s session – all CM participants 
12:00 - 13:15 Lunch  
13:15 - 13:45 Opening remarks 
   Mr A. Zeman (NAPC / PS), Mr. Edward Bradley (RRG/NEFW) 
   Background for the Meeting 
   Nomination of Chairperson, Rapporteur(s) and Facilitator(s) 
13:45 - 14:45 Presentations (50 min + 10 min discussion) 
   Mr. Alan D'Arcy (NECSA, South Africa) 
14:45 - 15:15 Coffee break 
15:15 - 16:15 Presentations (continued) 
   Mr. Marc Scibetta (SCK-CEN, Belgium)  
16:15 - 17:00 Scientific background and demand – discussions 
   Aim, structure & inputs 
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Tuesday, 2 June 2009 
08:00 - 09:00 Presentations (continued) 
   Mr. Milos Kytka (NRI, Czech Republic)  
09:00 - 10:00 State-of-the-art in on Assessment methodology for Core Structural 
   Materials of RRs - drafting of technical documents (part 1) 
10:00  - 10:30 Coffee break 
10:30 - 12:00 State-of-the-art in on Assessment methodology for Core Structural 
   Materials of RRs - drafting of technical documents (part 2) 
12:00 - 13:30 Working lunch  
13:30 - 17:00 ATR Tour 
 
Wednesday, 3 June 2009  
08:30 - 10:00 Tour IRC Materials Testing Labs 
10:00 - 11:00 Presentations (continued) 
   Host lab expert(s)  
11:00 - 12:00 Surveillance Programme of Research Reactors  
   drafting of technical documents (part 1) 
12:00 - 13:30 Working lunch  
13:30 - 15:00 Surveillance Programme of Research Reactors  
   drafting of technical documents (part 2) 
15:00 - 15:30 Coffee break 
15:30 - 16:30 Summary of the day 
18:30 -  Hospitality 
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Thursday, 4 June 2009  
08:30 - 10:00 Action plan / CRP proposal / Strengthening of international cooperation – 

proposals  
10:00 - 10:30 Coffee break 
10:30 - 12:00 Action plan / CRP proposal / Strengthening of international cooperation –

finalisation 
12:00 - 13:30 Working lunch  
13:30 - 15:00 Finalisation of all documentation – discussion, final review of all documents  
15:00 - 15:30 Coffee break 
 
Friday, 5 June 2009  
08:30 - 10:00 Finalisation of all documentation – discussion, final review of all documents  
10:00 - 10:30 Coffee break 
10:30 - 12:00 Dissemination of outcomes, proposals for further activities in the field - 

presentation of meeting conclusions 
12:00 - 12:30 Summary, follow-up and meeting closure 

****** 
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ANNEX 2 - LIST OF PARTICIPANTS 
 
Mr. Marc Scibetta 
Head Mechanical and Corrosion Analysis 
Group 
SCK-CEN  
Boeretang 200 
B-2400 Mol 
Belgium 
email: marc.scibetta@sckcen.be 
tel: +32 14 333043 
 
Mr. Milos Kytka  
Head of Department 
Nuclear Research Institute Rez 
Integrity and technical engineering division  
Husinec- Rez 
Rez near Prague 25068 
Czech Republic 
email: kyt@ujv.cz 
tel: +420 724064768, 
www.nri.cz/eng/index.html 
 
Mr. Alan J D'Arcy 
Manager – Strategic Projects 
Safari-1 Research Reactor 
PO. Box 582 
Pretoria 0001 
South Aftrica 
alan@necsa.co.za 
tel: +27 12 305 5017 
     +27 83 640 8398 
 
Mr. Martin McDonough 
ATR Research Reactor 
Idaho National Labolatory 
Idaho Falls 
USA 
email: martin.mcdonough@inl.gov 

 
Mr. Jeffrey Browen 
ATR Research Reactor 
Idaho National Labolatory 
Idaho Falls 
USA 
email:  
 
Mr. Warren Jones 
ATR Research Reactor 
Idaho National Labolatory 
Idaho Falls 
USA 
email:  
 
Mr. Andrej Zeman 
Scientific Secretary, Physics Section 
NAPC  
International Atomic Energy Agency 
Wagramer Strasse 5 
A-1400 Vienna 
Austria 
email: a.zeman@iaea.org  
 
Mr. Edward Bradley 
NEFW 
International Atomic Energy Agency 
Wagramer Strasse 5 
A-1400 Vienna 
Austria 
email: e.bradley@iaea.org    
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ANNEX 3 – AGEING MECHANISMS4 
 
 
A. Radiation induced change of properties 
B. Temperature induced change of properties 
C. Creep due to stress / pressure 
D. Mechanical displacement / fatigue / wear from thermal cycling, flow induced vibration, or 
other cyclic loads 
E. Material deposition (CRUD) 
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. Other (should somehow have a time-dependent attribute) 

                                                           
4 Ageing Mechanisms developed during the December 2008 consultancy meeting (08CT15305) on RR Ageing and are also based on DS-412 
(draft). 
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ANNEX 4 – MATERIALS OF INTEREST FOR A COORDINATED ASSESSMENT OF THE 
DEGRADATION OF CORE STRUCTURAL MATERIALS IN RESEARCH REACTORS 

 
Components made from the materials listed below are typically irradiated to neutron fluences 
exceeding 1022 n/cm2/s over the life time of some research reactors. In order for the older, higher 
power facilities to continue to be of service in the nuclear industry, material and mechanical 
property data for these materials is needed for such fluences and beyond. 
 
This table is not exhaustive.  
 
Material/Alloy Designation Typical application Degradation Mechanism  
Aluminium 5052 

5154 
6061 
6082 

Core box, reactor vessel, 
core support structure, 
experiment loops,  

Radiation-induced property 
changes, embrittlement, vibration, 
fatigue, corrosion, mechanical 
damage, wear 

Beryllium - Reflector elements, 
reflector block, experiment 
housings 

radiation-induced property 
changes, embrittlement, swelling, 
distortion, mechanical damage 

Graphite - Moderator block, 
experiment housings 

radiation-induced property 
changes, swelling, cracking, loss 
of form, mechanical damage, 
oxidation 

Stainless steel 304 
316 

Reactor vessel,  radiation-induced property 
changes, embrittlement, vibration, 
fatigue, corrosion, mechanical 
damage, wea 

Ferritic steel   Corrosion 
Zirconium   Crack formation and propagation 

at welds 
 
 

 


