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Abstract
The IRPVM-DB (International Reactor Pressure Vessel Material Database) initiated by

the IAEA IWG LMNPP is going to collect the available surveillance and research data world-
wide on RPV material ageing.

This paper presents the purpose of the database; summaries the type and relationship of
data included; gives information about the data access and protection; finally it summaries
the state of art of the database.

Keywords: Reactor pressure vessel, Database, Irradiation embrittlement, Pressurized
thermal shock.

1. INTRODUCTION

In this paper we will be concentrating on one aspect of the IAEA international data
base-on neutron irradiation effects on the mechanical properties of RPV steels and welds. This
is a subject which continues to be significant in the field of integrity and PTS (Pressurized
Thermal Shock) assessment.

2. THE ORGANIZATION OF THE DATABASE

There are two specific features of this Database which influence the Organization of the
Database, its membership and management. The data to be included is very expensive and it
has been generated in national and international multimillion programs on reactor materials.
The requests from potential Database members based on the above mentioned fact provide
special conditions on the membership (please see 2.4). The second point is that some data
especially that which provides a link between material properties and a particular utility or
manufacturer could have a commercial nature and therefore should be treated by the Agency
as confidential.

The Database organization includes: IAEA, Database Custodian, Steering Committee and
the Database members.

2.1 The Role of the IAEA

The IAEA organizes the Database according to requests from Member States and
recognizing the importance of such activities.
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The IAEA will:

• act as coordinator to compile, maintain and manage the database;
• manage the Database to ensure that its rules and procedures are correctly and

efficiently implemented taking into account the interests of all members in managing
the operation of the database;

• control access to the data through a system of confidentiality and data protection;
• develop in consultation with Database members, standards, formats, definitions, rules,

procedures and guidelines to be used for the preparation and processing of input and
for the creation and utilization of output;

• prepare input of literature published by the Agency and other UN organizations;
• arrange meetings of the Steering Committee of the Database.

2.2 The Role of the Custodian

The Agency will identify and appoint the Database Custodian.

The Custodian will act as the agent for the IAEA in operating and maintaining the
database and providing an effective interface for Member States/Participating organizations.
The Custodian will also arrange for data gathering from Member States and Database
members, and will assist with data evaluation and distribution as appropriate.

2.3 Steering Committee

The Steering Committee will consist of one representative from every big data supplier
Member States of the International Database. The representative will be appointed by the
national authority of the Member State. Members of the Steering Committee shall elect from
among themselves a chairman.

The responsibilities of the Committee are:

• recommendations of the procedures for regulating the operation of the Database;
• preparation of a progress report for the Agency's International Working Group on

Lifetime Management of Nuclear Power Plants (IWG-LMNPP) meetings;
• discussion of proposals from Members on the International Database.

2.4. Database Members

The Database Members will include persons or organizations from Member States that
provide and are entitled to use the database as well as to receive database information. Each
Database Member will be responsible for data gathering, as well as validation and verification.

3. PRESENT STATUS OF THE DATABASE

The preparatory work of the Database included:

• development of the Database Specification;
• development of the Database Agreement;
• preparation and distribution of official requests to Member States to join the Database,
• expanding the Database to include degradation mechanisms other than irradiation and

other components important to safety and reliability;
• elaboration of new features as to include visual information (diagrams and

metallography pictures);
• elaboration of software (in MS Access) to provide easy use for participants;
• include the database of the IAEA coordinated research program "Optimizing of

Reactor Pressure Vessel Surveillance Programs and their Analysis" results;
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• preparation of CD ROM distribution for participants
• 10 coumries and 3 international research programs are already joined. The database

presently includes the IAEA research program on radiation embrittlement (CRP-3),
and data from 2 countries (~ 4500 Charpy data, 150 tangent hyperbolicus curves, 200
Charpy curves etc.) According to the existing agreements with the members this data
amount will be multiplied until the end of 1997.

The document "International Database on Nuclear Power Plant Life Management -
Database Specification" has been published by the IAEA as "Working Material - IWG-
LMNPP-95/4" in September 1995.

This document provides information on objectives, scope, data collection and
management requirements. The main part contains background information and information
of generic interest, the appendices provide component specific requirements for some NPP
components. In particular, Appendix A provides a detailed description of the International
Database on Reactor Pressure Vessel materials, still in Dbase format. Appendix B describes
Primary Piping Database Requirements for Plant Life Management, Appendix C addresses
Steam Generators and Appendix D covers Containment.

4, PARTICIPATION AND DATA ACCESS

Membership of the Database shall be restricted to States which are Members of the
Agency, and organizations in Member States, recognized by those states, which are in
possession of data relevant to the International Database. International research programs -
recognized by the IAEA - also can join to the database, but they can access only research data.
This is an important statement and a specific feature of this database is that only those
organizations which contributed to the Database can join it and get all the benefits of being a
Database Member.

Every member State of the Agency which is a member of the International Database shall
appoint a Liaison Officer to act as a focal point. The liaison officer is expected to serve as a
key person in the country for all interaction with the Agency regarding the Database.

The Member of the Database is expected to:

• collect, categorize and prepare reactor pressure vessel material data on a "best efforts
basis" as well as data validation at its own expense;

• contribute advice and recommendations on matters relating to the maintenance,
improvement and development of the Database;

• provide information services to a monitoring contact with, to the extent practicable,
users of the database within its territory and representing user's news at meetings of the
Database;

• obtain clearance from the Agency Database members before providing information
derived from the International Database to non-members of the Database.

Database Members who have fulfilled all the Database requirements and have supplied
data shall have full access to all non-confidential information from the International Database.

The Agency may release information from the Database to non-members only after
obtaining clearance from the data supplier.
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Some data in the Database will be treated as confidential. In the developed database
format the Agency suggests to include such data in specially marked (italic printed and shaded)
areas. The Agency will prepare a special coding system to protect this data. A Database
member may, at its option, prepare its own coding system for its confidential information.
Access to confidential data shall be only through the Agency. Such data can only be released
with the express approval of the Member who supplied the data. The Agency shall have the
same rights of access to the International Database as a Member. The Agency may use only
non-confidential data in the International Database for elaborating guidance and
recommendations for developing countries and without releasing the data.

5. TECHNICAL FEATURES

5.1. The database structure

The "International Database on Reactor Pressure Vessel Materials" is a research database
as it denves from the purpose and tasks of the IAEA. The new enhanced database has 20 files
as follows (note that the CRP-3 research database consisted only of 6 files).

MATERIAL IDENTIFICATION information

Type of information
Material code, type
Manufacturer; utility data

Technology; welding

File name
RPV MAT.
RPV GEN ;
RPV UTIL
RPV-TEC;
RPV-WEL

AGEING HISTORY information
Irradiation history
Thermal ageing

RPV IRR
RPV THR

MECHANICAL TESTING
Tension tests
Charpy testing
Static fracture testing
Dynamic fracture testing
Hardness testing

RPV TEN
RPV CV
RPV SFR
RPV DFR
RPV HRD

EVALUATED DATA
Constants of exponential curve fit on fracture toughness
data
Charpy transition temperatures and constants of the fit
tangent hyperbolic curves

RPV-EXP

RPV-TT

REFERENCES
References

Related documentation

RPV-REF

RPVREL

VISUAL DATA
Metallography, fractography in TIFF, format

Spectra, flux distribution, instrumented impact, tensile,
static fracture, J curves, etc. in scanned pictures
Spectra, flux distribution, instrumented impact, tensile,
static fracture, J curves, etc. in digitised form

RPVMET
TIFF picture files
RPVjPIC
TIFF picture files
RPVDIA
TIFF picture files
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The size of the future Database on Reactor Pressure Vessel Materials is limited due to the
availability of the data. Presently the biggest data bases in this field are less than 20 MB. The
RPV ageing data base is expected to be less than 50 MB - with only data- and 1-5 GB when
including visual data (photomicrographs and a measured curves section).

To ensure the security of the data owner only the technical data will be accessible, all data
which are particular to the owner will be withheld by the Agency, and data will be secretly
coded. The coding system will support selection and grouping of the data.

In the case of a research database there is no need for an on-line data access, as generally
there is time enough to distribute the data by post. These conditions allow the use of diskettes
(CD ROM), which means that every participant could use the database without special
equipment. At the same time the use of CD diskettes significantly reduces the possibility of
unauthorised persons accessing the data.

5.2 Special features

Existing data bases on RPV ageing include data mostly in number format only. One of
the main purposes of the data base is to enhance the understanding of ageing mechanisms and
to help the development of effective methods for the timely detection and mitigation of ageing
effects. Mathematical analysis of the mechanical testing data on new and service aged materials
may serve new mechanistic models, and may enhance the design curves. This is a very
important benefit of the data base, but is in itself not enough to understand the ageing
mechanism. A new metallography section and previously collected testing curves are included
as an extension to the IAEA International Database on "Ageing Management and Life
Extension of Reactor Pressure Vessel Materials".

Metallography section

There are two possible levels for the metallography section.

• Level one is a simple reference file of the available photomicrographs. Such a file has
been included into the CRP-3 database, and is also included into the new IAEA
International Database on "Ageing Management and Life Extension of Reactor
Pressure Vessel Materials".

• The enhanced level also includes the collection of the digitised pictures. Several
hundred high resolution photomicrographs can be collected on an easy to use and
cheap CD diskette. Some typical photomicrographs are shown as examples in Fig. 4.

The enlargement of the database by the metallography section provides the possibility of
common evaluation of strength and structural changes. Evaluation of ageing in practice is a
very difficult task. During site testing in situ metallography or the use of replica testing is an
available testing method. But evaluation of the pictures can be conducted only on the basis of
extended practice, and the results are subjective. If the results are compared with database
pictures the life evaluation becomes simpler and more precise.

Databases which include mechanical testing, chemical and metallographic information
together are not common. As a consequence of these features the IAEA International Database
of Reactor Pressure Vessel Materials could become a leading material ageing database
world-wide.
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Fig. 1. Digitised metallography pictures reprinted. Cr-Mo-V materials a.) as produced b.) aged
at 680C 2000 h.

Measured curve section. During mechanical testing of structural materials testing diagrams
are obtained. In case of traditional evaluation of the results only some specific points of the
curves are used. The measured curves, however, include much more information. For example,
the VTT have proved that J integral measurements can be compared, only if the original
measured curves are evaluated by the same method and in the same laboratory. In the case of
instrumented Charpy testing the crack initiation and propagation energy can be separated, even
crack arrest information can be obtained from the measured curves, which is generally only
stored, but never used for practical purposes. Application of the "Local Approach" method
needs correct flow curves, not only tensile data. All of these features justify the storage and
acquisition of the original curves from mechanical testing. Similarly the neutron spectra cannot
be characterised with a single number, but can easily be described by a diagram. All of these
examples justify the use of digitised diagrams within a material ageing database.
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FIG. 5. Reprinted instrumented
impact testing curve, and a part of the

ASCII file.

Technically the acquisition of curves doesn't require any extra investment. Most of the
up-to date testing equipment uses digital data acquisition and storage methods. The curves
could be acquired and transformed to a standardised form ASCII file. Since the size of the
stored records is generally less than 10 KB, any type of traditional diskette can be used as a
data carrier, and any mathematical software package used in a normal PC can convert them
into curves again. Fig. 5. shows a part of a digitised data file, and the printed curve.
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6. THE DATA IDENTIFICATION AND CODING SYSTEM

The coding system

The coding system ensures the anonymity of the data sources as well as the connection
among the data files, and facilitates the selection and use of the data. The identification codes
include 3-3 part. Every group of data (data characterizing a certain heat of a material and
collected ftom the same data source e.g. one utility, or laboratory) has a different Mcode.
During elaboration a separate Mccde will identify the data groups belonging together.

IAEA_MCode:(9 characters) the material identification code is given randomly by the
IAEA. This code will identify all of the processed data to be supplied to the participants.

This code is built up from the following characters (digits):

Characters 1-6 = reference identification number given randomly by IAEA

Characters 6-9 = material type

FOR
WEL
HAZ
PLA
LAB
LBW
CLA
CAS
OTH

Forging
Weld metal
Heat affected zone
Plate
Laboratory heat
Laboratory welding
Cladding
Casting
Other

The following files include general information connected with material production and
the data sources: RPV_MAT; RPV-GEN; RPVJTEC; RPVJWEL.

Multiple information can belong to the same heat of materials. In this case a second
identifier the IAEA_NUM is used for the correct characterization. LAEANUM is a three digit
random or artificial number, individually identifying the data or specimens belonging to the
same group.

RPV-CHEM; RPV_REF and RPV_REL fields are characterized by MCode and NUM.

Information characterising a group of similarly aged material identified by MCode and
ACode: RPVJRR; RPVTHR; RPV_EXP; RPV_TT; RPVMET; RPVDIA; RPV_PIC.

Finally the specimen data are characterised by Mcode+ACode+NUM. This way every
individual data can be separately stored and identified. The following data files are using all
three identifier. RPVCV; RPVSFR; RPVDFR; RPVTEN; RPV_HRD.
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IAEA_ACODE (3 digits)

In case of aged material the IAEA-ACode characterizes the type of the ageing.

IAEA ACode
NUL
IRR
IRA
EPR
EPA
IAR
IAP
TMP
CAV
THA
HFA
LFA

type of ageing
zero level testing
irradiation in research reactor
irradiation in research reactor and annealing
irradiation in power reactor (surveillance)
irradiation in power reactor and annealing
irradiation and ageing in research reactor
irradiation and ageing in power reactor
template cut from power reactor wall
irradiation in power reactor cavity
thermal aged in laboratory
high cycle fatigue
low cycle fatigue

Remark: further ageing codes can be included

8. TECHNICAL FEATURES OF DATA ACCESS, DATABASE SOFTWARE
Any IBM AT 486 or bigger capacity PC could be used for data analysis of the RPV

ageing database. For analysis of structural damage ( metallography) a PC 486 or a larger PC
including a CD drive is recommended with a high resolution screen and with a 600 dpi
capacity printer. The new generation of the widely used scanners and printers generally fulfil
these requirements, which means that the enhancement of the database with metallographic
information doesn't require extra investment, only some additional effort from the participants.

The data are stored in MS ACCESS format. The database software which is provided for
participants together with the data by the IAEA is able to export the selected data in Dbase,
Foxpro, Paradox, Lotus, Microsoft Excel, Microsoft Word, Text formats. The data are stored
in ISI units. The database software is able to export data converted into, US, or user defined
units. Specialists using the data do not have to learn a new computer language, or the use of
any new software, and the data can easily be included and compared with any national
database. These new features makes for the easy use of the database for all participants.

Any participant or group of participants who wish to evaluate the database, is entitled to
get the updated and processed version of the database on diskettes, or on CD ROM. In case of
special request the data can be filtered, sorted and grouped according to the requirements.
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