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1. INTRODUCTION

In June 2012, ultrasonic in-service inspections were performed at Doel 3 to check for underclad cracking in
the reactor pressure vessel (RPV). No such defects were detected. However unexpected indications in the
RPV shells were found. Electrabel ordered a full thickness RPV shell inspection (July 2012) which
confirmed high numbers of similar indications. The same type of indications, but to a lesser extent, was also
found in the Tihange 2 RPV shells during the September 2012 inspection.

To justify the restart of the Doel 3 and Tihange 2 Nuclear Power Plants, Electrabel submitted on 5 December
2012 a Safety Case for each unit to the Belgian Safety Authorities. In this context, documents were
submitted related to the following topics: :

» Inspection

» Documentation
> Metallurgy

> Calculations

The MO/AIA report DOEL165 from 28 January 2013 presented the major comments and conclusions of the
MOJ/AIA after review of the documents submitted by the Licensee. These comments were included in the
Short- and Mid Term requirements in the Action Plan agreed between the Licensee and the Belgian Safety
Authorities (FANC, BelV, MO/AIA).
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The Licensee had to meet the Short Term Action requirements before the restart of the D3/T2 Nuclear Power
Plants. The Mid Term Action requirements shall be met before restart after the next planned outage.

The report TIHA169 from 16 May 2013 presented the MOJAIA conclusions and comments after evaluation
of the Licensee replies to the Short Term Action requirements and Structural Integrity Assessment limited to
the case of Tihange 2. After advice from the FANC, the operation of Tihange 2 was resumed in June 2013.

In March 2014, preliminary unexpected results of the tests on irradiated specimens made the Licensee decide
to stop operations at the Tihange 2 Nuclear Power Plant. The related Mid Term Actions and the Structural
Integrity Assessment were extended to address the issue in a new Safety Case.

The current report TIHA186 presents the MO/AIA conclusions and comments after evaluation of the
Licensee replies to the Mid Term Action requirements and the updated Structural Integrity Assessment
limited to the case of Tihange 2. Our evaluation consisted in the review of documents submitted by the
Licensee, witnessing of material tests, inspection during the UT qualification, inspection of UT examination
of the reactor vessel shells during the ISI 2014, participation to discussion meetings with the Licensee.

Section 4 below presents for each Mid Term Action requirement the key elements of the Licensee reply and
the MOJ/AIA review result. Section 5 presents the key elements of the Structural Integrity Assessment
submitted by the Licensee. The MO/AIA global conclusions are given in section 6.

The scope of the MO/AIA review concerns the verification of the submitted Safety Cases for their
compliance with the requirements of the ASME XI ed.1992. It shall be noted that the Licensee makes use of
the article IWB-3132.4 : Acceptance by Analytical Evaluation. This report presents the MO/AIA’s findings
and conclusions in this perspective.

2. MAIN DOCUMENTS IN OUR POSSESSION.

- Safety Case Report, Tihange 2, Reactor Pressure Vessel Assessment, 28 October 2015 (version 1)

Previously reviewed in the scope of MO/AIA report TIHA169 :
- Safety Case Report Tihange 2, Reactor Pressure Vessel Assessment, 5 December 2012
- Safety Case Report Addendum , Tihange 2, Reactor Pressure Vessel Assessment, 15 April 2013

3. BASIS OF OUR VERIFICATION

- Royal Decree/Ministerial Decree Steam 1991
-Code : ASME III ed. 1971 add. Winter 73 and ed. 1974 add. Summer 74
- ASME XI ed.1992, IWB-3132.4

4. EVALUATION OF LICENSEE REPLIES TO THE MID TERM ACTION REQUIREMENTS

Mid Term Action 2 requirement : (follow-up of short term action 2)
The Licensee shall demonstrate that no critical hydrogen flake type defects are expected in the non-
inspectable areas.

The Mid Term Action 2 applied only for Doel 3 as the UT inspection of the Tihange 2 RPV shells did not
reveal hydrogen flake indications near the inner surface.
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Mid Term Action 3 requirement : (follow-up of short term action 3)

The Licensee shall provide additional validation of the UT simulations to demonstrate that the applied
ultrasonic testing procedure allows the detection of the higher tilt defects in the Doel 3/Tihange 2 data (2012
inspections) with a high level of confidence.

To further demonstrate the reliability of the simulations, a cross-check was requested to be performed
between the reflectivity on real flakes in VB 395/1 and the results obtained with Phased Array laws with
non-perpendicular insonification. Specifically relative amplitude drops with UT disorientations between 15
and 20 degrees were looked for. The results of the cross-check presented by the licensee showed that :
» The values obtained by simulation are conservative compared to the experimental UT measurements
on the cut indications;
» The difference between simulation and experimental measurements is the lowest when the flaw is
inclined along one plane only;
> For flaws having a double inclination along X- and Y-axes, the simulation is shown to be substantially
conservative.
The general conclusion of the Action 3 investigations was that the inspection techniques using a straight UT
beam can result in a correct detection and sizing of hydrogen flake flaws.

The MO/AIA considers the Licensee reply to the Action 3 requirement satisfactory and has no more
comments related to Action 3.

Mid Term Action 7 requirement : .

The Licensee shall achieve a full qualification program to demonstrate the suitability of the in-service
inspection technique for the present case. The qualification shall give sufficient confidence in the accuracy of
the results with respect to the number and features (location, size, orientation,... ) of the flaw indications.
Where appropriate, the process shall be substantiated by appropriate experimental data using representative
specimens. The full qualification program shall be achieved before the next planned outage for refueling.

The objective of the qualification extension was to confirm the capability of the applied LO° UT MIS
inspection procedure to correctly detect, locate and characterize laminar and quasi-laminar hydrogen flakes
as detected in the Doel 3 and Tihange 2 reactor pressure vessels.

The extension of qualification addresses the inspection of the base material of the reactor pressure vessel
shells, the transition ring and the flange.

The extension of the qualification presented by the Licensee is based upon the following elements :

e Technical justification files mainly based on simulation results using the CEA CIVA software;

e Practical tests on 3 blocks VB 395/2A, VB 395/2B and VB 395/2C, parts of a larger block VB 395/2
extracted from the Areva shell 395 known for containing a large number of hydrogen flakes;

e Destructive examinations on a large number of hydrogen flakes of various characteristics in
dimensions, depth and inclination, and extracted from these 3 blocks;

e Correlation between UT and destructive examinations of the flakes.

A qualification synthesis linking all the evaluated parameters enabled the Licensee to establish the level of
performance of the inspection procedures for detection, localization and characterization of hydrogen
flakes.

As 15° is the maximum value expected for the inclination of the flakes in the affected Reactor Pressure
Vessels, inclinations between 0° and 20° were considered for building the sets of curves of UT responses in
the technical justifications.

The practical qualification trials were performed on blocks taken out from an Areva steam generator shell
containing hydrogen flakes. Areva Intercontréle carried out the tests with the MISB UT inspection procedure
and equipment used for the RPV weld inspections in Belgium but with thresholds and data analysis
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