Hardies, Robert

p=
From: Kirk, Mark 1(4 Y
Sent: . Thursday, February 07, 2013 3:02 PM
To: Yip, Brian; Sangimino, Donna-Marie; Hardies, Robert; Csontos, Aladar, Rosenberg, Stacey
Subject: Re: OIP Note Dated February 6, 2013 - Belgian Federal Agency for Nuclear Control ...
Brian -

As it turns out the FANC just today posted MUCH more information on its website. Fortunately none of this added
information contradicts what you have said here, so relative to your note this added information is not so important.

What may be in fact important to the Commission is that on March 5 the Staff will be having a public meeting. The aim of
this meeting is to interact with our industry (and outside stakeholders) in light of these recent occurrences in Belgium,

{f | can be of further assistance to you please let me know.
Best,

Mark

Mark Kirk (b)(6) Cell] (b)(8) I

From: Yip, Brian , Qlj

To: Kirk, Mark; Sangimino, Donna-Marie; Hardies, Robert; Csontos, Aladar; Rosenberg, Stacey
Sent: Thu Feb 07 14:52:02 2013

Subject: FW: OIP Note Dated February 6, 2013 - Belgian Federal Agency for Nuclear Control ..,

/

Altached, as requested, is the OIP note on Doel. Please let me know if you have any guestions. Thanks,
Brian

Brian M. Yip, International Relations Specialist
1.5, Nuclear Regulatory Commission

Office of International Programs

International Cooperation and Assistance Branch
{301)415-7638

From: Floyd, Daphene . ) '/

Sent: Thursday, February 07, 2013 2:49 PM

To: Sharkey, Jeffry; Sosa, Belkys; Bubar, Patrice; Tappent, John; Bozin, Sunny; Niedzielski-Eichner, Phillip

Cc: RidsEdoMailCenter Resource; RidsOgcMailCenter Resource; RidsNmssOd Resource; RidsResOd Resource; RidsNrrOd
Resource; RidsNsirOd Resource; RidsFsmeOd Resource; RidsNroOd Resource; OIP Distribution; RidsSecyMailCenter
Resource; Temp, WDM; Jimenez, Patricla; JonesCG@state.gov

Subject: OIP Note Dated February 6, 2013 - Belgian Federal Agency for Nuclear Control ...

OIP Note to Commissioner Assistants
Date: February 6, 2013

From: Mark R. Shaffer, Acting Director, OIP

‘ E 133



' '
" Subje’t: Belgian Federal Agency for Nuclear Control Establishes Restart Requirements for Doel 3 and
Tihanger (ML13035A131).

Thank You,

Daphene R. Floyd | US ‘Vuclear Requ[alon' Conmumon | O]flceof lnlemanrma[ ngrrums
Phone: 301-415-1780| Room: 04-D7

Daphene. Floyd@NRC .gov
2 USNRC

Cr s o Nuthier Leg o S,

Pretyevmg Praple and de Esgirwmpns
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OIP NOTE TO COMMISSIONER ASSISTANTS, |
. g Y

From: Mark R. Shaffer, Acting Director _ -~ . 47" 70 v
Office of International Programs -~ * " ¥

L YAt
b [
1R~

Date: February 6, 2013

Subject: BELGIAN FEDERAL AGENCY FOR NUCLEAR CONTROL
ESTABLISHES RESTART REQUIREMENTS FOR DOEL 3 AND
TIHANGE 2

Comment:

On February 1, 2013, the Belgian Federal Agency for Nuclear Control (FANC)
published, in the enclosed Technical Information Note, its restart requirements
related to the flaw Indications identified in the reactor pressure vessels of the
Doet 3 and Tihange 2 reactors in June and September 2012, respectively.

FANC's Technical Information Note indicates that, as a result of assessment by
national and international experts (which in¢luded staff from the NRC's Office of
Research), "a number of open issues were raised aboul the manufacturing of
the reactor pressure vessels, the suitability of the in-service inspection
technique, the possible evoluticn of the flaws during future operation, the
characterization of the material properties, and the structural integrity of the
reactor pressure vessels under penalizing loadings."

FANC outlined specific requirements and conditions for each of those major
areas of concern, which are described in the Technical information Note. The
licensee, Electrabel, must develop an action plan for approval and subsequent
inspection by FANC and its subsidiary inspectorate, Bel V.

FANC notes that, “this position applies only to the Doel 3 and Tihange 2 reactor
units and does not extend to other nuciear reactors potentially concerned
elsewhere in the world.” :

OIP and NRC technical staff will continue to monitor FANC's evaluations and
progress.

Contact: Brian M. Yip, OIP, 301-415-7638

Please check one of the following:
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Flaw indications in the reactor pressure vessels
of Doel 3 and Tihange 2

Technical information note - 2013.02.01

1. Context

Doel 3 and Tihange 2 are two of the seven Belgian nuclear reactors operated by Electrabel,
3 GDF-SUEZ Group company.

In June 2012, during a new type of in-service inspection conducted for the first time in
Belgium, several thousands of flaw indications were detected in the base metal of the Doel 3
reactor pressure vessel, located mainly in the upper and lower core shells. As a precaution,
similar inspections were conducted in September 2012 on the Tihange 2 unit, whose reactor
pressure vessel is of identical design and construction. Flaw indications were detected as
well, but to a lesser extent.

The pressure vessel is a key-component in a reactor unit, and its failure is not covered by
safety studies. As a result, the licensee decided to keep both units in cold shutdown state,
core unicaded, at least until in-depth analyses have been achieved and submitted to the
Federal Agency for Nuclear Contro! (FANC) in view of a possible restart of the operation.

With the support of internal and external experts, the licensee started an Investigation of the
precise nature and origin of these indications in the summer of 2012, and built its own
analysis to determine whether or not the reactor units in question could safely resume
operation in spite of the detected flaws. The demonstration of the licensee was recorded in
two safety case reports and backed by a number of technical documents, leading the
licensee to conclude that bolh Doel 3 and Tihange 2 reactor units were eligible for
immediate restart. In paraliel, the licensee also proposed several additional measures
designed to further increase the safe operation of the units, to monitor the pressure vessels
state along time or to extend its initial material testing program.

Meanwhile, the FANC built up a dedicated organisation and commissioned several national
and international expert groups to seek scientific and technical advice in order. to elaborate
an independent, founded and balanced judgement about the issue.

Along the assessment process, the expert groups raised a number of questions that were
discussed with the licensee and its technical supports. From those discussions, a number of
open issues were raised about the manufacturing of the reactor pressure vessels, the
suitability of the in-service inspection technique, the possible evolution of the flaws during
future operation, the characterization of the material properties, and the structural integrity
of the reactor pressure vessels under penalizing loadings.

2. FANC Findings

Based on the data provided by the licensee and the condusions released by Bel V, AlB-
Vincotte and the national and international experts groups about the flaws of the Doel 3 and
Tihange 2 reactor pressure vessels, the Federal Agency for Nuclear Control draws the
following global conclusions for each topic:
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Regarding the manufacturing of the reactor pressure vessuols:

Based on the sole manufacturing files, the presence of flaw indications since the
manufacturing stage cannot be confirmed as the indications which were detectable at
this stage were not reported In the final Inspection reports of the manufacturing of the
reactor pressure vessels,

Reganding the in-service inspections:

Some uncertainty stif exists regarding the capablity of the In-service inspection
techniques to properly detect and characterize all present flaws in the reactor pressure
vessels,

Regarding the metallurgical origin and evolution of the indications:

The most likely origin of the indications Identified in the Doe! 3 and Tihange 2 reactor
pressure vessels is hydrogen flaking due to the manufacturing process, Significant
evolution over time of hydrogen flakes due to the operation of the reactor units Is
undikely.

Regarding the material properties:

Mare experimentsl data on tensile and toughness propesties of the materials are
needed to validate the approach followed In the structural integrity assessment.

Reganding the structural integrity of the reactor pressure vesseis:

The approach adopted by the licensee to justify the structural Integrity of the reactor
pressure vessels stil needs o be completed or validated for some topics, The
probabilistic assessment approach provided by the licensee is used only for Information.

Regarding the additional measures and actions proposed by the licensee:
The additional operational measures proposed by the licensee are relevant,

The in-service Inspection program proposed by the licensee should focus particular
attention on the most adverse flaws.

Some uncertainties still remain in the structural integrity assessment and call for
additional experimental verification.

In the current state of knowledge and given the avallable data, the open Issues
jdentified along the assessment process do not represent conditions that require
a definitive shutdown of the Doe! 3 and Tthange 2 reactor units.

However, these open issues lead to some uncertainties that might reduce the
conservatism of the licensee’s safety damonstration and hence impair the level of
confidence in the safe operability of the reactor units in question.

As a consequence, the Federal Agency for Nuclear Control considers that, in the
current state, the Doel 3 and Tihange 2 reactor units may only restart afver the
requirements listed in the next paragraph §3 hereafter are fulfilled by the
licensee.

The licensee shall elaborate an action plan to meet those requirements, including
a methodology and associated acceptance criteria where applicable. This action
pian shall be approved by the Belgian nuclear safety authority.

Once the licensee has implemented its action plan, the FANC, together with Bel V
and AIB-Vingotte, will evaluate whether all the safety concerns at the origin of
the requirements are solved and whether the related reservations can be lifted.
On this basis, the FANC will motivate its decision about the possible restart of the
Doel 3 and Tithange 2 reactor units in a final evaluation report.



This position applies only to the Doel 3 and Tihange 2 reactor units and does not
extend to other nuclear reactors potentially concerned eisewhere in the world.
The evatuation of their safety remains within the jurisdiction of the competent
national authorities.

3. FANC requirements

The suggestions, observations and conclusions of these different organisations and working
groups were evaluated by the Federal Agency for Nuclear Control. Wherever appropriate
and relevant, the FANC decided to use this input in the formulation of the specific
requirements for the ficensee.

The FANC issues the following requirements for each topic.
Regarding the manufacturing of the reactor pressure vessels:

Given that the whole documentation currently available was exploited and no additional
finding can be derived from that matestal, the FANC Issues no further requirement on

this topic,
Regarding the in-service inspections’;

As 2 prerequisite to the restart of both reactor units, the short-term requirements on
inspections mentioned in the AIB-Vingotte assessment shall be fulfilied by the licensee:

» The licensee shall re-analyze the FAR acquisition data for Tihange 2 in the depth
range from 0 to 15 mm in the zones with hydrogen flakes to confirm whether or
not some of these technological dadding defects have to be considered as
hydrogen flakes.

« The licensee shall demonstrate that no attical hydrogen fiake type defects are
expected in the nori-inspectable areas.

+ The licensee shall 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,

o The licensee shall present the detailed report of all macrographical examinations
induding the sample with the 45°T reflections and shall also analyze and report
additiona! samples with 45°T reflectivity.

v The licensee shall include a set of defects partially hidden by other defects for
macrographic examination, to confirm whether the sizing method continues to
function well.

« The licensee shall re-analyze the titts of the defects in the VB-395/1 block with
the same method as applied on-site.

As soon as possible after the restart of both reactor units:

¢ The licensee shall achieve a full qualification program to demonstrate the
sultabllity of the in-service inspection technique for the present case. The
qualification shall give suffident 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

! The FANC would like to stress that the requirements related to the verification of the non-destructive exsmination
procedure and the review and follow-up of thelr qualification program Is the responsibility of AIB-Vingotte, which is the
suthorized inspection agency in Belglum..



experimental data using representative specimens, The full qualification program
shall be achieved before the next planned outage for refuelling,

Regarding the metaflurgical origin and evolution of the indications:
After the restart of both reactor units;

o The licensee shall perform follow-up in-service inspections during the next
planned outage for refueling to ensure that no evolution of the flaw indications
has occured during operation,

Regarding the material properties:
As a prerequisite to the restart of both reactor units:

+ The Hoensee shall complete the material testing program using samples with

macro-segregations containing hydrogen flakes. This experimental program shall
include:

o small-scale specimen tests:
« local toughness tests at hydrogen flake crack tip,
s local tensile tests on figament material near the flakes;

o large-scale (tensile) specimen tests,

o The [icensee shall perform additional measurements of the current residual
hydrogen content In spedmens with hydrogen. flakes, in order to confirm the
results of the limited number of tests achieved so far, For example, the licensee
has estimated an upper bound on the amount of residual hydrogen that might
stil be present in the flaws. The licensee shall demonstrate that the chosen
material properties are still valid, even If the upper bound quantity of hydrogen
wouid still be present in critical flaws.

As soon as possible after the restart of both reactor units:

o A further experimental program to study the material properties of inadiated
specimens containing hydrogen flakes shall be elaborated by the licensee.

o The licensee shall further investigate experimentally the local (micro-scale)
material properties of specimens with maco-segregations, ghost fines and
hydrogen flakes (for example local chemical composition). Depending on these
resuits, the effect of the composition on the local mechanical propesties (i.e.
fracture toughness) shall be quantified.

+ The licensee shali further evaluate the effect of thermal ageing of the zone with
macro-segregation.

Regarding the structural integrity of the reactor pressure vessels:

As a prerequistte to the restart of both reactor units:

e Taking into account the resufts of the actions related to the previous
requirement on the detection of the higher tit defects during in-service-
Inspections, the licensee shall evaluate the impact of the possible non-reporting
of flaws with higher tilts on the results of the structural integrity assessment.

o The hcensee shall complete the on-going material testing program by testing
farger specimens contalning hydrogen flakes, with the following 2 objectives:

o Objective 1 : Tensile tests on samples with (inclined) multiple hydrogen
flake defects, which shall in particular demonstrate that the material has
sufficient ductliity and load bearing capacity, and that there is no
premature brittle fracture.
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o Objective 2 : An experimental confirmation of the suitability and
conservatism of the 3D finite elements analysls.

Regarding the action plan proposed by the licensee:
As a prerequisite to the restart of both reactor units:

In addition to the actions proposed by the iicensee and the additional
requirements specified by the FANC in the previous sections, the licensee shall
perform a Joad test of both reactor pressure vessels, The objective of the test is
not to validate the analyticai demonstration on the reactor pressure vesse! itself
but to demonstrate that no unexpected condition is present in the reactor
pressure vessels, The methodology and associated tests (acoustic emission and
ultrasonic testing...) will be defined by the ficensee and submitted to the nudlear
safety authority for approval. The acceptance criterion will be that no crack
inftiation and no crack propagation are recorded under the pressure loading.



