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Abstract
The first European Pressurised Reactor (EPR) is beifigohuthe site of Olkiluoto (Finland).

The Finnish regulations of application impose thatRhe-Service and In-Service Inspections of
the main primary components shall be performed witrasdmic (UT) and Eddy current (ET)
systems qualified according to ENIQ (European Network fospéntion Qualification)
methodology. The scope of inspection is defined on thest@sASME Xl standard. Therefore
the scope of qualifications will cover nearly 50 differenspection configurations in view of
geometry, material and inspection targets.

This paper aims at presenting the qualification procdsmed and at giving information and
results on one of its applications: the qualificatio®® system devoted to the examination of the
surge line circumferential welds.

IntelligeNDT System and Service GmbH, an AREVA and ®iesnCompany, is in charge of this
work, in collaboration with the “NDT sub division’f the “Mines & Surveillances” department of
AREVA NP.

Enhanced UT acquisition and analysis tools based on phasas technology and SAPHit-
UT platform are used.
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1. Introduction

The Finnish regulatory guide Y.V.L 3.8 describes the requamts which need to be fulfilled in
order to qualify inspection systems and personnel for thegarace inspection in Olkiluoto.

For the main primary components, the scope of inspeetieas shall be selected according to
ASME Xl code clause IWB/ IWC and the qualification dfetinspection systems shall be
performed according to ENIQ recommendation guides.

The qualification process consists in several steps vawmhat demonstrating that the equipment
and personnel involved in are suitable qualified to fulfil ititepection objectives according to the
related safety requirements.
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The surge line circumferential austenitic welds aretgpe among nearly 50 safety class 1 areas
of the main primary components to examine.

For these welds, the operation of the input and outpi# alaeach stage of the qualification
follows the general qualification process; it is sumss in the present paper together with the
practical results obtained.

The basis data are the input information establishe@doh area to examine (which areas are
presented in a PSI/ISI programme) according to regulgtoide lines. This information states on
the inspection objectives, the characteristics of traponent, the NDE means foreseen and all
the lay-out data needed (accessibility, radiation level,

Among the inspection objectives the inspection target $ype and the examination volume are
defined from ASME recommendations or domestic justificaaind feed back from experience.

The qualification process can be launched once the infarmation document released.
2. PSI /1Sl Qualification

The main steps of the qualification process which isofedd in the frame of OL3 is
summarized[1] in figure 1.

PSIFIST Input Technical Inspection Practical Personnel %, Application
) ertification
Programme / Information Justification Procedure Trials ualification / for PSi

Figure 1. Qualification process

Concerning the surge line component, the PSI / ISl prograrspeeifies a volumetric
examination of all the austenitic circumferential métids located between the main coolant line
and the pressurizer (see further). UT is retained agoibenetric examination technique.

Starting with the specification of the component and remwent in the input information, a

technical justification and first practical trials (smalled “open tests”) are scheduled to
demonstrate that the inspection procedure planed to be uséd theit given equipment

(preliminary described in the input information document al)ws appropriate enough to fulfil

the inspection objectives.

A second set of practical trials (the “blind tests”¢ alone for the personnel qualification (by
using the already qualified procedure).

Finally, certification is requested to the QualificatiBody before to be allowed to apply the
equipment and the personnel to PSI (and later on ISI).

The procedure demonstration is performed considering qu#biicaargets which shall be
representative and in coherency with the inspectiayets.

For the main primary components, mostly, no degradatiechanism can be postulated because
of the new enhanced EPR design. This statement doestde&mbnventional” type (neither
specific nor postulated defect) qualification to handkhartificial qualification targets.

However, in order to demonstrate the capabilities ef équipments on real configurations, a
physical process of degradation (in most cases fatigukingadias been considered for both the
technical justification and the practical trials (seeshadter).



3. Input information

According to the related Finnish guide line, the data mead in the input information
documents (generally one document per same type of zobe twspected) are devided in the
following parts :

- Qualification level,

- component description,

- inspection system to be used (preliminary data),
- inspections objectives,

- defect analysis,

- personnel qualification.

3.1 Qualification level

For all the main primary components, including the surgeniglds, the zones to be examined are
of level 3 (the highest) regarding the safety classiticat

3.2 Component description

The component and area to be examined is described inpiineinformation document in terms
of geometry (dimensions and shape), material, manufagt surface state, inspection conditions
(lay-out, accessibility, radiation and temperature emvrent).

The EPR surge line spool connecting the pressurizer tantéia coolant line comprises 7
circumferential austenitic welds (see schematise@xample the location of the “SL_20" pipe to
pipe weld in figure 2).

All the seams are of automatic narrow groove TIG wejdiype. The parts of 316L and 304L
grade materials are forged.

For the set of surge line welds, the outside surfacengey may vary but allows nevertheless in
all cases (according to one of the specific basisirements for the design) the performance of
the control.

Figure 2. Location of one of the circumferential welti&_20") on the surge line upper part



3.3 Inspection system

The system which is planed to be used is briefly destrib¢he input information document in
terms of manipulator features, probes characteristiggiigition and analysis devices.

This information is useful either to anticipate the thHer qualification tasks (technical
justifications, accessibility lay-out, ...) and to givérat information of the delivery tool.

For surge line examination, the common INDT’s pipe manipuf8H70” is used.

A guide rail system (adapted to the radius of the pipeshawn on the figure 3) enables the
mechanized examination from the outside of the circuentel welds of the surge line.

Remote controlled operation of the movements withwliscanning of the inspection area and
acquisition and storage of the inspection data foryaisal

The outer scanning path positions and the increment carebkgelected, the scanning procedure
will run automatically within preset limits. The speedstbe 2 coordinate movements are
continuously variable.

UT data are acquired through Phased Arrays probe assendolieé processed with the
“SAPHIR™™® UT system.

For the surge line welds examination, the four(4) Phasedy#itransducers (both direction of
propagation for longitudinal defect detection and for trarsal defect detection) are “2x8”
elements probes, SEL 2 MHz type, which enable “custoimizabf the UT beams (e.g. refraction
angles from 35° to 70°) in relation to the detectiorectiyes.

The “SAPHIR™® work statiof? provides several ways of displaying the processed UT data.

Figure 3. Surge line UT manipulator



3.4 Inspection objectives

The input information documents also list the objectiveshe pre-service and the in-service
inspections, which will be taken back for the qualificatmwocess as well. The main inspection
objectives specified are, still according to the guidedi:

- the defect properties,

- the volume to be inspected,

- the detection target (size to be detected and chassxd®ri
- the inspection tolerances,

- the other objectives.

For the surge line welds examination, the inspectionctiags are illustrated with the table 1 and
the figure 4 (for the inspection volume).

In most cases, the inspection target size is baseldeoASME XI IWB-3500 tables which define
the acceptance criteria. An appropriate height/lergfib (“a/l”) is set as well.

For the surge line, the ASME Xl table IWB 3514-2 is of amilon and a value “a/l’ = 0,3 is
retained as appropriate due to feed back from experiencengimeering judgement.

Only surface breaking planar type flaws are considere@. rEfated inspection target size
calculated from ASME acceptance criteria tables is euax17 mm.

In the present case of surge line inspection, the detedmget is the inspection target (as the
inspection target dimensions come from the ASME Xl ptaoece flaw sizes, it is assumed that
the suitable margins are already taken into account).

The inspection objectives in terms of sizing and positioningiracees are defined from the
ASME XI appendix VIII recommendations.

3.5 Defect analysis
The defect properties are illustrated in table 1 whenegpd the surge line inspection.
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Figure 4. Surge line volume of examination

The tilt angle ranges values for example are determmexb\er a possible disorientation when
the defect is likely to grow up in the direction of theld bevel orientation, namely in the heat
affected zone (HAZ).



Here, as for most of the components, no degradationhanexn is postulated (thermal
inappropriate event or behaviour for example have beéfigdsand left out).

Nevertheless, in order to demonstrate the capabilitiethefequipment to handle real flaws,
fatigue cracking is considered in the input data and in thefigaabn process (some flaws of this
kind are integrated in the qualification blocks).

3.6 Personnel qualification

NDT personnel involved are qualified according to EN 473 standéamely, for data evaluation,
it shall be of at least level 2.

Personnel performing the PSI must also pass the OL3fispgaalification on the blind test
blocks.

Supporting personnel should have adequate knowledge and certifi¢atgp data collection
personnel level 1 certification).

For equipment operator (e. g. manipulator operator), D@ Bertification will be necessary, but
training is done.

These requirements are applied in each type of qualificahcluding for instance the Surge line
welds inspection.

4. Ingpection proceduresand Technical justification

The inspection procedures for all the examinations to b®rpged must be qualified. This is
done by demonstrating that these procedures used with tbeedeaquipments are able to fulfil
the requirements of the input information, namely thpeoton objectives.

This demonstration is made in the Technical Justificddossiers (“TJD”).

The evidence must be given by means of theoreticabaraimetric studies, experimental trials or
feed back from experience and is afterwards assessed doeingpen qualification tests; this
process qualifies the procedure and establishes in pahalleapabilities of the equipment.

The final checking steps on the “open tests” blocks endsqtiadification demonstration
(balancing of the capabilities justified with or withquactical tests is also part of the TJD’s).

In a second step, once the equipment and procedure qudliedperators for PSI/ISI work (see
previously) must pass “blind tests” with the qualified meanglidate their NDT skKills.

For the surge line qualification, the performances otilieequipment and procedure which have
been demonstrated are summarized in table 2.

The capabilities for the equipment and procedure operatkdfitdhe inspection objectives are
thus widely demonstrated in the TJD.

The surge line examination procedure describes how to usdfdrent propagation laws of each
of the four phased arrays probes in order to detect,(s&ght and length, by tip diffraction
detection analysis) and characterize the indications.

No specific threshold is prior defined; the maximum adilble dynamic down to the noise level is
considered, in relation with the performance of detecif the reference defects.

5. NDT systems

The inspection systems used for OL3 inspection are mhdewoipulators and UT equipments.
The “SAPHIR™® system (which has already been described worldf¥jdenables the use of
classical or phased arrays probes.

The probe system configuration applied to the surge linmiesdion is shown in figure 5.



6. Qualification blocks
For each group of qualification, several open and blindolesks are designed and manufactured.

Blocks are representative of the part of interest (geéymenaterial, welding process...) and
contain defects (artificial and realistic).

The surge line open test block is shown as example ifigine 6 (452 mm length, 410 mm OD
and 40 mm thick, including an on-site type weld).

It has been design and manufactured from a real surgeipeeand contains EDM notches and
mechanical fatigue cracks (longitudinal and transversal)naherous sizes (see the flaw
population of the open block in the table 2).

T1SELZ
1 2{26x12) VIBC b
l Dirn. 40x40% 35 mm -
ID-Na.:
r T1SELZ
=] 3 2{26x12) V1BC
1] l ‘ 2 Dirn. 40x40%35 mm
ID-Na.:

T18EL2
r 2(26x12) WIEC

3 Dirn. 40x40% 35 mm
=
4

o

[+

225

ID-No.:

79

T18EL2

2(2612) WIBC
Dim. 40x40x 35 mm
ID-Nao.:

Figure 5. Probe configuration for Surge line examination
7. Analysisand results. Open tests

In the case of the surge line examination, the qualdinatesults on the open test bloc are
gathered in the table 3 (blind tests are in progress).

The results have been obtained and verified by follovgteg by step the process as described
within the specific UT inspection procedure for this pmment developed by our NDT
specialists.




Figure 6. Surge line open test block

PARAMETER VALUE

Defect properties

Type Crack
Degradation mechanisms Mechanical fatigue
Shape Undefined
Through-wall position Inner surface
Axial position Most likely in the HAZ
0° + 17° (Longitudinal defects)
Tilt angle
0° + 10° (Transversal defects)
Skew angle 0° or 90°t 5°

Roughness/branching Smooth or rough surface, not

branched
Orientation Transversal or longitudinal
Presence of residual stress Inner surface : tenggsstr
Content of the defect Air or water
Detection target (Height x length) size 3x 17 mn
Inspection accuracies
Maximum H_e_igh_t sizing and depth 3.2 mm
positioning error ;
Maximum Length sizing error 19 mm
Maximum Location error 3,5°; 10 mm
Other objectives
Type of characterization Planar recognition
False calls No false call unmanaged

Table 1. Inspection objectives for the surge line welds.



8. Conclusion

In the frame of the OL3/EPR project, the PSI/ISI penfance is a challenging mix of reference
fields : according to the Finnish YVL regulation guidesthbb ASME Xl (for the scope of
inspection) and ENIQ type (for the procedure, equipmerd parsonnel qualifications)

requirements must be fulfilled.

When in accordance, these combined rules however ledtbtmg safety insurance supports and

guides, made of a well boarded knowledge of the capabiifidsee NDE systems used.

Ho | Type Crien. | xPosition | yPosition | zPosition | Height | Length | Tilt /
of ] o] | (mml | me] | me | SES
defect 1

1 | Crack L 45 -12 ] 2 15 0o
3 | Crack L BO o |n] 3 15 o'o
5 | Crack L 120 o |n] 5 18 o'o
7 | Crack L 180 12 [} g 28 0o
B | EDM L 245 3 [} 10 2 0o
11 | EDM L 280 2 |n] 3 17 10010
12 | EDM L 334 ¥ |n] 13 40 1740
2 | Crack T 60 0 ] 2 15 oo
4 | EDM T Be 1 [} 3 17 10/0
§ | Crack T 140 o |} 5 15 o'o
B | EDM T 218 o |n] 10 25 o'o
12 | EDM T 3oe 3 D 5 17 10410
15 | Wal - 25 o Rowot 3 3

Table 2: surge line open test block — flaw population

Positioning Requirement Test result
Longitudinal flaws =10 mm +3 mun ax / £3 mumn circ.
Transversal flaws =10 mm =2 mm/ =1l mm
Length Requirement Test result
Longitudinal flaws +19 mm -7 /=11 mm
Transversal flaws =19 mm -7/ +4 mm

Depth Requirement Test result
Longitudinal flaws +3.2 mm =1 mm

Transversal flaws +3.2 mm -1,5/0 mm

Table 3. Summary of the surge line equipment and proceduoemances.




In the case of the surge line examination, this hasdeal qualification successfully passed, the
devoted procedures and equipment having fulfilled all thgerrtgon objectives.

These capabilities are due, between others, to thegdtref the engineering knowledge of UT
specialists, phased arrays technology used, where thespane operated in order to get the most
optimized conditions of examination (UT beams adaptgilit

The same qualification process is being applied to the atkas of main primary components.

Despite of the obvious amount of work, such framewaoréllfy gives confidence to contribute in
the right way to the pre-service inspection of the EP&lkiluoto.
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