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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Guidelines for in-service inspections for primary coolant
circuit components of light water reactors —

Part 4:

Vi

sual testing

1

Thi
rea

Scope

Ctor coolant circuit components of light water reactors and their installations as direct

visyal testing in the form of a

Thi
doc
dire
Thi
wit

Thi
req
test

NO1
indi

2

Thd
con
und

ISO
pre:

ISO

general visual testing (overview), or
selective visual testing (specific properties).

5 document is also applicable to other components of nucleatinstallations. The requirem
ument focuses on remote (mechanized) visual testing,dut’also specifies global requir
ct visual testing. For specific requirements for direct visual testing of welds see ISO 176

5 document is not applicable to tests in respect to the,general state that are carried outin g
h pressure and leak tests and regular plant inspegtions.

5 document specifies test methods that allel? deviations from the expected state to be 1
1irements for the equipment technology.and test personnel, the preparation and perform
ing as well as the recording.

E Data concerning the test section, test extent, inspection period, inspection interval and €
cations is defined in the applicable national nuclear safety standards.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated referencés,the latest edition of the referenced document (including any amendmen

8596, Ophthalmic optics — Visual acuity testing — Standard and clinical optotypes
fentation

9712:2012, Non-destructive testing — Qualification and certification of NDT personnel

5 document gives guidelines for pre-service inspection (PSI) and in-service inspectiops (ISI) for

or remote

ents in this
ements for
B7.

onjunction

ecognised,
ance of the

valuation of

Pir content
pplies. For
[s) applies.

and their

ISO

18490, Non-destructive testing — Evaluation of vision acuity of NDT personnel

EN 1330-10, Non-destructive testing — Terminology — Part 10: Terms used in visual testing

EN 13018, Non-destructive testing — Visual testing — General principles

EN 13927, Non-destructive testing — Visual testing — Equipment

3

Terms and definitions

For the purposes of this document, the terms and definitions given in EN 1330-10 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
conspicuous indications
deviations in the actual state recorded during the visual testing from the expected target state

3.2

relevant indieation
<visual tegting> NDT indication (conspicuous indication) that is caused by condition or type¢ of
discontinujty that requires evaluation

[SOURCE: ISO/TS 18173:2005, 2.24]

3.3
colour intensity
difference |n a colour from the equally bright achromatic colour

Note 1 to eptry: Colours with equally bright achromatic colour create the same grey tone in the black-wfhite
appearance

34
hue
chromatic pnd achromatic type of a colour

Note 1 to e:]:ry: Words like red, yellow, green etc. are used to referto this in daily life.

Note 2 to erftry: In this document achromatic colours meanshlack and white and any type of grey.

3.5
data storage medium
<visual tegting> storage medium for the storagé of image information

3.6
direct visyial testing
visual testjng where there is an uninterrupted optical path from the observer's eye to the test area

Note 1 to enftry: This test can be garried out with or without auxiliaries, e.g. magnifying glass, mirror, binoculars,
borescopes)endoscopes or fibre-optics.

[SOURCE: EN 1330-10:2003, 2.12, modified — The examples given in the Note are different.]

3.7
remote visual testing
visual testing‘where there is an interrupted optical path from the observer's eye to the test area

Note 1 to enfry: Remote visual testing may include a device system that records, communicates, visualises and, if
necessary, stores image information.

[SOURCE: EN 1330-10:2003, 2.37, modified — Different systems are named in the Note.]

3.8

general visual testing

visual testing over areas of the component (3.10) to observe overall condition, integrity and state of
degradation

[SOURCE: EN 1330-10: 2003, 2.18]
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3.9
selective visual testing
local visual testing for unique recognition of specified properties

Note 1 to entry: The selective visual testing is used in order to record the state of parts, components (3.10) or
surfaces to be examined in respect to cracks, wear, corrosion, erosion or mechanical damage on the surface of the
parts or components (3.10).

3.10

component
part of a system delimited according to structural or functional aspects, which can still implement
ind¢pendent sub-functions

the testing

hs reference

rformance
analysis of

test object
part 6fa component (3.10) to be tested

3.18
visual testing
method of non-destructive testing using electromagnetic radiation in the optical range

[SOURCE: EN 1330-10:2003, 2.53]

Note 1 to entry: The visual testing serves to acquire the actual state of a test object with the human eye for
comparison with the expected target state.

© IS0 2020 - All rights reserved 3
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3.19

reference block

piece of material, with specified metallurgical, geometrical and dimensional characteristics, used for
calibration and assessment of equipment for visual testing

Note 1 to entry: Specified metallurgical, geometrical and dimensional characteristics means for example
material, weld seam implementation, form, wall thickness, any cladding present) with reference characteristics
(e.g. grooves, bores) that are adapted to the test assignment.

Note 2 to entry: Depending on the test assignment, the properties relevant to the inspection technique can be

determined

by hue (3.4), colour intensity (3.3), reflectivity or texture of the surface.

4 Inspe

Visual test
procedure
testing or
direct or r

testing. The local radiation dose rate shall be considered when selecting the in§pection techniques

auxiliaries

The suitab
to the requ

NOTE 1 ]
described ix

NOTE 2
application
above can |

’

test procediires.

A general t

5 Requ
5.1 Test

5.1.1 Ta

NDT personnell4] have@-great responsibility, not only with respect to their employers or contrac

but also urn

ction technique

ng is used to recognise deviations from the expected state. This state is specified in the
5. Depending on the test assignment, the visual testing is conducted either asya-general vi
A selective visual testing. Depending on the accessibility and required-detail recognit
bmote visual testing is used, whereby the latter can be carried out as’a,;mechanized vi

lity of the inspection technique and the combined device system’shall be validated accorc
irements of the applicable nuclear safety standards.

'he procedure for the qualification of the inspection techniques or the combined device syste
ENIQ report nr. 3131,

is realised based on standard test procedures relating to nuclear power plants. A qualificatio
e necessary in individual cases if there are sighificant deviations from the specifications from

est procedure shall be prepared. Anhex B contains the items of the general test procedur

irements

personnel

5k of NDT persaonnel

der the pules of good workmanship. The NDT personnel shall be independent and free f

economic
NDT pers
test result
offence an

influencesvwith regard to his test results, otherwise the results may be compromised.

nel shall be aware of the importance of his signature and the consequences of incor
for, safety, health and environment. Under legal aspects, the falsification of certificates i

test
bual
ion,
bual
and

ling

m is

'he visual testing test method discussed in this document involves a standardized test method whose

h as
the

®

for's
fom
The
Fect
5 an

situation about his findings with his employer, the responsible authorities or legal requirements.

ting

Finally, the NDT personnel is responsible for all interpretations of test results carrying his signature.
NDT personnel should never sign test reports beyond their certification (see Table 1).

NOTE
also always

intended.

5.1.2 Personnel requirements

For reasons of readability, the male form is used with personal names, however the female form is

The test personnel comprise the test inspector, the test supervisor and possibly the operating personnel
for the test robot.
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Those personnel, using qualified non-destructive testing (NDT) procedures and equipment, should be

qua

lified through one or any combination of the following:
certification through a national NDT personnel certification scheme;
theoretical and/or open trials;

blind trials.

Any personnel certification requirements invoking relevant national NDT personnel certification
schemes (e.g. ISO 9712) should be validated according to Table 1. Any additional personnel training

req

If n
det
cert
incl

The
the
and
ope
eva

assignment, test method and combined device system.

Thd
sha
the

The

trained for the requirements of the work to be\carried out.

Tes
ISO

+ L 1d o1 L ifiad 2o 1 163 43 2| 3
T CTITCITC S~ STIOUTO arSU- O TSP UtTITCU TIT T O a T IC atior GUSSTCT,

b relevant scheme exists or if extra personnel qualification is needed, the qualification b
ermine the additional practical and theoretical examinations needed beyond thosein t
ification scheme, include these in the qualification procedure and ensure that the NDT pro
lides the necessary requirements. The qualification procedure should describe:the propos

test supervisor is responsible for the application of the NDT qualified system and
knowledge required for his tasks as well as sufficient knowledge of the applicati
limitations of the test methods and have knowledge about tHe)characteristic app¢g
rationally induced faults. Conspicuous indications requiring more extensive measur
uated by the test supervisor, who has the requisite experience in respect to the test

test inspectors shall have the skills to perform the work they are to carry out. In part
l have sufficient experience in conducting visual testing and knowledge in respect to this
test object and appearance of conspicuous indicatiohs that can result during operation.

operating personnel for test robots and theitest inspectors during mechanized testi

L personnel performing NDT and the evaluation of the results shall be qualified in accor
9712 or equivalent at an appropriatelevel in the relevant industrial sector.

Table 1 — Minimum requirements for the test personnel

ody should
he national
cedure also
pd system.

shall have
bn options
arances of
bs shall be
bbject, test

cular, they
concerning

hg shall be

Hance with

Test personnel Qualification

Ops4

brating personnel for teStrobots Validation by training

Tes

Certified with at least level 2 according to I
comparable qualification

t inspector

09712 or

Tes

Certified with at least level 2, in case of mec
tests certified with level 3, according to ISO
respectively

t supervisor

hanized
9712

The

test.personnel shall fulfil the vision requirements of [SO 9712:2012, 7.4.

The Test personnel shall provide annual validation of their visual ability, which has been determined
by an ophthalmologist, optician or other medically recognised person. The vision requirements of
ISO 9712 shall be fulfilled. The following modifications can be used as a substitute to ISO 9712.

a)

b)

The visual acuity testing shall be conducted using standard symbols in accordance with ISO 8596
(Landolt rings) or ISO 18490 (E shaped character). Here a near vision acuity of 1,0 at a test distance

of 0,33 m and a with at least one eye, with or without optical aid shall be validated.

The ability to distinguish between colours and between grey shadowing shall be validated with
colour sense test boards. The validation can typically be conducted with the help of Ishihara colour
boards as well as the "shades of grey test". In case of anomalies, the employer shall decide whether

the ability to see colours is sufficient for the test assignment.

If disorders in the adaptability are determined, these shall be considered.
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5.2 Testarea

The test area shall be accessible directly or remotely with optical auxiliaries. The viewing section shall
be illuminated sufficiently. Interfering reflections shall be avoided, insofar as possible. Interfering
deposits shall be removed, insofar as possible, unless they represent an indication of a relevant change.

During testing under water, it shall be ensured that vision is not inadmissibly impaired by suspended
matter and streak formation.

5.3 Optical auxiliaries and combined device system

5.3.1 Geperal
The use of pptical auxiliaries and combined device systems during visual testing is necessaryif

— concedled test objects or test objects inaccessible due to ionising radiation have to beynade accesgible
to obs¢rvation,

— the detail resolution is inadequate,
— image|documentation is required.

Optical augiliaries and combined device systems used shall fulfil the réquirements of EN 13927 as well
as the reqyirements according to 5.3.2 to 5.3.6.

5.3.2 Imiage quality and resolution
The examihation equipment shall fulfil the following requirements:

— The injage quality of the examination equipment shall be validated at a reference standard (e.g. kest
image faccording to Annex A or a similar test image). The calibration of the device system shalll be
docunjented;

— The reference standard shall be reproduced to fill the format on the screen without any zoor in
direct|view. The minimum distance -between the screen and observer is minimum 30 cm when
checkipg the image quality. The resalution of the camera should be at least 400 lines or 600 kpikels
(depending on the referenced test'chart).

If a regolution of 400 lines cannot be attained, the attained resolution shall be documented in|the
technigal justification. Thie’working distance between the camera and reference standard or|the
zoom level of the camera shall be selected so that the required resolution of 400 lines is attained
in the mapped partial’section of the reference standard. This distance or this zoom level shalll be
docunjented and considered during the testing.

— The inglividual stages of the colour circle and colour bars shall be distinguishable both for the colour
reproduction and for the black-white reproduction (see Annex A test image) and shall reproduce|the
corresponding hue (chromatic and achromatic colour) and colour intensity. The grey tones shall be
resolved. The geometry distortions may not impair the visual testing;

— The validation of the image quality shall be provided and documented. The validation shall
be performed at the screen used for analysis and evaluation of the visual testing. All essential
parameters for validation have to described in a Technical Justification (e.g. zoom level, working
distance, incidence angel, etc.)

The image quality and resolution depend on the system used in the case of remote VT systems (e.g. video
endoscopes). The requirements in place for conducting the test are specified in the test procedures.

The performance of the examination equipment shall be validated at a reference block adapted to the
test assignment. The detail resolution shall be determined and documented. The working distance and
zoom level shall be documented and considered in the test.

6 © IS0 2020 - All rights reserved
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The recorders and playback devices shall meet the requirements of this subclause in respect to the
image quality of the optical auxiliaries. The playback device shall have frame-to-frame playback.

In case of underwater tests, an inspection of the function, image quality and capability of the immersed
equipment is necessary. The inspection shall be documented.

5.3.3 Construction
5.3.3.1 General
Th 3

5.3
End

es c—co et
appllication conditions in such way that

they can be handled in a time-saving manner in respect to the radiation exposure
personnel,

they are easy to decontaminate,

the materials used, in particular glass as well as electrical and electreni€c components af
to ionising radiation and do not release or exhibit any impermissible-impurities,

the effect of ionising radiation on the image quality is kept a5 low as possible by cor
measures (e.g. shielding),

they can be used in a temperature range required for théapplication,

adjustable lighting equipment is available, which, is protected against bursting and 1
damage,

connection options for recorders are available in examination equipment (for remote VT

visualisation of the following data is poSsible in combined device systems:
— place, date, time;

— component, test item, comments.

3.2 Endoscopes andvideo-endoscopes

ion of the

of the test

e resistant

‘esponding

mechanical

—

oscopes and videorendoscopes shall be selected in relation to the test assignment in sucl way that

focussing, if necessary,
if there is @light cable, then the shaft needs to be rotatable,

the prebes are corrosion resistant and, insofar as required, watertight in design,

ifnecessary, a scale or scaling function is available for measure the dimension of indicat

lONS.

5.3.

3.3 Cameras

Cameras shall be selected with consideration of the terms of reference and the application conditions.

EXAMPLE

Camera can be equipped with

autofocus,
automatic aperture control,

automatic brightness control,
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zoom and macro function, and

pan-tilt function.

[t shall be possible to switch on/off the automatic functions.

5.3.4 Lighting equipment for the remote visual testing

The luminous flux of the lighting equipment shall be selected in such way that a sufficient illuminance
is attained on the test surface. The illuminance and the light type shall be examined at the reference
block or at known structures of the component and monitored during the test. Comparable conditions

shall be present on the test surface. The light distribution on the test surface should be as unifor]

possible.

cording to ISO 17637 for direct VT illuminance on the area to be inspected should b

least 350 1%, but 500 Ix are recommended. For remote (mechanized) VT the illuminance depends on

environm
The lighti

Valid calib
shall notb

tal conditions so that an illuminance lower than 350 Ix can be practical.
g equipment should be able to be positionable and adjustable.

Fation certificates shall be provided for measuring instruments of the illuminance. TH
 older than 12 months.

5.3.5 Data storage medium

The data st

orage medium shall be designed in such way that

— they enable a labelling for identification,

an uni

htentional overwrite is prevented,

— the suitability for storage is ensured.

It shall be 4

NOTE ]
to other dat

5.3.6 Te
Test robot§

used a

positid

6 Testi)

'he operating system or hardware modifications could render it necessary to transfer original
b storage medium types.

5t robots
(also called remote handling manipulator) shall be designed so that they can be

L the test section of the relevant test object,

controfled and aligned’remotely, and

ned corresponding to the test assignment.

1S5

nsured that measuring data can be read~and processed by the next in-service inspectior].

h as
e at
the

ese

Hata

6.1 Preparation

6.1.1 Ge

neral

The test personnel shall be timely instructed prior to the inspection concerning the performance, scope
and target objectives of the testing. All requisite documents, such as test procedures, drawings or
piping isometries necessary for conducting the testing shall be provided.

Before using mechanized combined device systems in areas exposed to radiation, training measures for
rapid assembly and disassembly shall be realised for reducing the time personnel remain in such areas.
The training measures shall be documented and, if necessary, validated by the test service provider.
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2 Testlocation

The control devices, recorders and playback devices shall be set up in such way that

heat accumulation is avoided,
the operation is not prevented,
interfering reflections are avoided,

the test can be conducted without impediment.

6.2

6.2

Acc
cled
sur

Thd
of k

The
an

pos
dirg
the

The
test
test
defi

The

Performance

1 General

prding to the defects that could appear in service the test surface shall-be inspecte
ning or processing, as deposits and corrosion are signs of changes. Insofar as necessa
faces shall be cleaned. When doing so, it shall be ensured that the surface’structure is no

test surface shall be sufficiently illuminated. This shall be evaluated’based on the detail i
nown surface structures in the surroundings of the test section:

illumination direction to the test object and to the optical)axis shall be selected in sug
pptimal image contrast results. Interfering reflections ‘and shadows shall be avoided,
Kible. The view of the test surface shall be optimisedduncase of conspicuous indications fr
ctions of view with variation of the illumination. [fthe hue is a test property, a suitable s
light source shall be ensured.

function, image quality and capability of tlie combined device system shall be checked
, after longer interruptions, after replacing components or a conversion of the syste
ing. The result of these checks shall be-documented. The measures in case of deviati
ned in the test procedures.

actual state of the test area shallbe recorded in comparison to the expected target state.

from the target state shall be documented as conspicuous indications. Deviations from th|

stat

e can be e.g.

surface changes;
material separations;
mechanical‘damage;
corrosion/ erosion, wear;

cofispicuous indications at screw connections;

&

d before a
'y, the test
changed.

ecognition

h way that
insofar as
hm various
pectrum of

before the
and after
s shall be

Deviations
e expected

conspicuous indications at connections of measuring points and lINes;
indications of leaks;

displacement of components;

loose and lost parts;

deposits or foreign bodies.

Conspicuous indications that have been detected when conducting a general visual testing shall be
examined and evaluated via a selective visual testing. The result shall be documented.

If conspicuous indications are detected, their location, appearance and, if possible, their size shall be
determined and documented in the test record.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=eac59e7583e1e8773c192da16977350b

ISO 20890-4:2020(E)

6.2.2 Direct visual testing

The requirements of 6.2.1 shall be met. General visual testing shall be conducted in accordance
with EN 13018. Selective visual testing shall be conducted as local visual testing in accordance with
EN 13018. If access to the test area is not possible, mirrors or endoscopes may be used.

6.2.3 Remote visual testing
The requirements of 6.2.1 shall be met. The following requirements also apply.

a) Combined device systems corresponding to the selection criteria according to 5.3.3 to 5.3.6 shall
be usef for the remote visual testing.

b) In casg¢ of high radiation black and white cameras shall be used due to a better resistance‘agajnst
radiation. For very high radiation black and white tube cameras have a better sensitivity and|life
expectfancy than CCD or CMOS cameras.

c) During the test, the operating conditions shall remain within the limits that guarantee the inspection
sensitivity; these limits are defined during the inspection performance evaluation (see 5.3.2).

d) The fqllowing measures are possible in order to improve the detail’recognition in cas¢ of
conspiruous indications, if required:

— Magnification of the conspicuous indications with simultanedus use of a reference scale,
— Rdcording from another direction of view,
— Change in the illumination,

— Use of a camera with higher resolution.

6.2.4 Mdchanized visual testing
The requirpments of 6.2.1 and 6.2.3 shall be met: The following requirements also apply.

a) A test|robot according to 5.3.6 shall‘be used. Before testing, a functional check of the test rqbot
including monitoring of the movement directions shall be conducted. In case of underwater tgsts,
it is al$o necessary to monitor the function of the immersed equipment. In general, this is reallsed
with the overall test of the combined devices systems.

b) The infage informationwith the associated locational coordinates shall be recorded.

c) To be able to ensure the reproducibility of the test, the test position and memory location on|the
data sforage medimm shall be uniquely assigned to one another in the drive program. Conspicyous
indications at the'test object shall be documented.

d) Setpoipt #alues such as test speed, travel paths, maximum distance between camera and [est
surfacg {working distance) or the visualisation scale shall be specified and the actual values
entered in the drive program, if necessary.

e) The test speed (acquisition speed) shall be selected so that the defects looked for are detectable at
inspection speed. In special cases the analysis speed has to be lower than the acquisition speed.

6.3 Evaluation

The evaluation of deviations shall be conducted corresponding to the specifications of the applicable
national nuclear safety standards.

6.4 Final measures

The records on data storage medium shall be checked randomly in respect to their image quality.
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7 Recording

A test record or test report shall be compiled concerning the testing. The test documentation of the
mechanical testing should also be backed up in digital form in addition to paper form.

The following data shall be included:

date of the testing;

name of the power plant;

ftoct

Braocadirac:

TCoT PToOTCOUTTS,;

test object, test scope and test section:

location of the test section;
reference point;
coordinates;

surface condition (e.g., cleaned, not cleaned);

inspection technique:

test technique used (general or selective);
inspection technique used (direct or remote);

examination equipment and device system\(e.g., mirror, magnifying glass, endos(
endoscope, camera, test robot, lighting) with data on the following:

— test parameters;

— inthe case of remote testing;reference standards and reference blocks used;
— in the case of mechanized testing, actual values (i.e. drive programme);

— inthe case of mechanized testing, test robot settings;

— optical auxiliaries (e.g. luxmeter);

result of the test.and, if necessary, results comparison with the previous in-service testi

attainedsimage quality and performance,
conspicuous indications (e.g., type, location, appearance, possible size),

rélevant indications,

imagn documentation of Fihdingc and pnccih]y rnncpir‘nnnc inr]ir‘:lfinnc;

deviations from the specifications of the test procedures;

name of the test organisation;

ope, video

place, date, name, signature, certificate number of the test inspectors and test supervisors of the
operator or the test company commissioned by him and the third party.

© IS0 2020 - All rights reserved
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Annex A
(informative)

Examples of a test image

Figure A.1 — Black and white test image
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