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reword

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.
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Non-destructive testing — Radiographic inspection of
corrosion and deposits in pipes by X- and gamma rays —

Part 1:
Tangential radiographic inspection
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techniques, computédyradiography (CR) and digital detector arrays (DDA).
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Scope

prally recognized practice and fundamental theory of the subject.

5 document applies to the radiographic examination of steel pipes for Service induced fl3
‘osion pitting, generalized corrosion and erosion. Besides its conventional meaning, “pij
his document is understood to cover other cylindrical bodies such as tubes, penstocks, bq
pressure vessels.

d inspection for typical welding process induced flaws is not covered, but weld in
ded for corrosion/erosion type flaws.

pipes can be insulated or not, and can be assessed where loss of material due, for 4
‘osion or erosion is suspected either internally, or'externally.

5 document covers the tangential inspectiontechnique for detection and through-wall sij
, including with the source:

on the pipe centre line; and
offset from pipe centre line by.the pipe radius.

20769-2 covers double wall*radiography, and note that the double wall double image t¢
n combined with tangeftial radiography with the source on the pipe centre line.

5 document appliésyto tangential radiographic inspection using industrial radiogy

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

5 document specifies fundamental techniques of film and digital radiography with thle object of
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9712, Non-destructive testing — Qualification and certification of NDT personnel

s) applies.

ISO 11699-1, Non-destructive testing — Industrial radiographic film — Part 1: Classification of film
systems for industrial radiography

ISO 11699-2, Non-destructive testing — Industrial radiographic films — Part 2: Control of film processing
by means of reference values

ISO 16371-1, Non-destructive testing — Industrial computed radiography with storage phosphor imaging
plates — Part 1: Classification of systems

ISO 19232-5, Non-destructive testing — Image quality of radiographs — Part 5: Determination of the
image unsharpness value using duplex wire-type image quality indicators
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3 Term

s and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

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

[EC Electropedia: available at http://www.electropedia.org/

actual walthickness

tact
real thick

3.2

ss of the pipe wall which can differ from the nominal thickness

axial covefage

Lq

<on the defector> total axial extent of the evaluated section of the pipe radiograph measured on
detector (3|8)

3.3

axial covefage

Lp
<on the pi
along the ¢

34

basic spat
SRbdetector
<digitalde
equal to 1;
the effectiv
duplex wir|
wire pair v

Note 1 to en
imaging pla

Note 2 to
ASTM E200

3.5

basic spat
SRpimage
<digital im

e central axis> total axial extent of the evaluated section of the pipe radiograph measy
entral axis of the pipe

jal resolution

fector>smallest geometrical detail, which-¢an be resolved in a digital image ata magnifica
corresponds to half of the measured image unsharpness in a digital image; correspond,
e pixel size (3.19) of the magnified image; and is determined from the smallest number of
e pair, which is not separable by yisttal inspection or from the smallest number of the du
yith less than 20 % modulation depth in a linearized profile

try: For this measurement, thexduplex wire 1Ql is placed directly on the digital detector (3.8) arr3
fe.

entry: The measurements of SRpdetector and unsharpness are described in ISO 19232-5.
D[17],

jal resolution

age>ssmallest geometrical detail, which can be resolved in a digital image at a magnifica

>1; corres]

effective plx

the

red

fion
S to
the
blex

y or

and

fion
the

onds to half of the measured 1mage unsharpness 1n a digital image; corresponds to

the

duplex wire pair, which is not separable by visual inspection or from the smallest number of the duplex
wire pair with less than 20 % modulation depth in a linearized profile

Note 1 to entry: The measurements of SRpimage and unsharpness are described in ISO 19232-5. and
ASTM E2002[17].

3.6

comparator

C

reference object of defined dimension c and material for dimensional calibration of a radiographic image

© ISO 2018 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=121c74bae10059df61229e1c9064a759

IS0 20769-1:2018(E)

3.7

computed radiography

CR

complete system comprising a storage phosphor imaging plate (IP) (3.23) and a corresponding read-
out unit (scanner or reader), which converts the information from the IP into a digital image and the
control software of the read-out unit

3.8
detector
D

detf@MﬁMMMMMMM.MMM@hy system
using a CR system or a DDA system

Note 1 to entry: Film systems and IPs can be used as flexible and curved detectors or in planafi casseftes.

3.9
digjtal detector array
DDA
eledtronic device converting ionizing or penetrating radiation into ,a_discrete array of analogue
signals which are subsequently digitized and transferred to a computerfor display as a digital image
corfesponding to the radiologic energy pattern imparted upon the.input region of the devjce and the
confrol software

3.19
imgged comparator dimension
!

c
dimension of the comparator (3.6) measured on the detector (3.8)

3.11
imgged outside diameter
nonpinal outside diameter of the pipe measured on the detector

3.1
makimum penetrated thickness

Wmax
maximum thickness of material for a pipe which occurs for a tangent to the inner pipe surfage

3.1
measured wall thickness

tme S
thidkness of thepipe wall as measured on the radiograph or digital image

3.14
nominal wall thickness
t
thidkness of the pipe wall as given by the manufacturer, neglecting the manufacturing tolergnces

3.15

normalized signal-to-noise ratio

SNRN

ratio of signal-to-noise, normalized by the basic spatial resolution, SRpimage, (3.5) as measured directly
in the digital image and/or calculated from the measured SNRyneasured, by:

88,6 um

SNRy =SNRpeasured —ar—
SRy,

Note 1 to entry: SRyimage can be substituted by SRydetector (3.4) at magnification equal to 1.

© ISO 2018 - All rights reserved 3
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3.16

outside diameter

De

nominal outer diameter of the pipe as given by the manufacturer, neglecting the manufacturing

tolerances

3.17

pipe centre to detector distance

PDD

distance between the pipe centre and the detector (3.8)

3.18
pixel size
geometrice

| centre-to-centre distance between adjacent pixels in a row (horizontal pitch)r-coly

(vertical pitch) of the scanned image

[SOURCE: ]
3.19

SO 14096-2:2005, 3.2]

signal-to-noise ratio

SNR
ratio of me
(noise) in 4

3.20
source Siz
d

size of the

[SOURCE: 1

3.21
source-to-
SDD
distance b

3.22

an value of the linearized grey values to the standard deviationof the linearized grey va
given region of interest in a digital image

e

radiation source

SO 16371-2:2017, 3.15]

detector distance

btween the source of radiation ahd the detector (3.8) measured in the direction of the be:

source-to{pipe centre distance

SPD
distance b
the beam

3.23
storage pl
IP

etween the source @f)fadiation and the pipe centre (pipe axis) measured in the directio

osphordimaging plate

photostimyilableduminescent material capable of storing a latent radiographic image of a material b

examined

hnd) which, upon stimulation by a source of red light of appropriate wavelength, gener

mn

ues

LI

h of

bing
htes

luminescer

1Ce proportional to radiation absorbed

4 C(Classification of radiographic techniques

The tangential radiographic techniques are divided into two classes:

class TA, basic techniques;

class TB, improved techniques.

The basic techniques, class TA, are intended for tangential radiography of generalized wall loss, such as

that due to

erosion or large-scale corrosion.

© ISO 2018 - All rights reserved
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The improved techniques, class TB, should be used for the more demanding tangential radiography of
localized corrosion pitting flaws, which require higher sensitivity for detection and sizing.

Further technique improvements beyond TB are possible and may be agreed between the contracting
parties by specification of all appropriate test parameters.

The choice of radiographic technique shall be agreed between the concerned parties.

5 General

5.1 Protection against ionizing radiation

WARNING — Exposure of any part of the human body to X-rays or gamma-rays-can| be highly
injyrious to health. Wherever X-ray equipment or radioactive sources are ih use, appropriate
measures shall be taken to ensure the safety and health of personnel.

5.2 Personnel qualification

Perfonnel performing non-destructive examination in accordance with-this document shall e qualified
in accordance with ISO 9712 or equivalent to an appropriate level ifxthe relevant industrial §ector.

The personnel shall prove additional training and qualification\in digital industrial radiology if digital
detgctors are used.

5.3| Identification of radiographs

symbols shall appear in the radiograph outsidecthe region of interest, where possible, and shall ensure

Sygbols shall be affixed to each section of the Object being radiographed. The imagds of these
unambiguous identification of the section.

5.4 Marking

Permanent markings should be made on the object to be examined in order to accurately] locate the
posjtion of each radiograph.

Where the nature of the material and/or its service conditions do not permit permanent mprking, the
locgtion may be recorded by means of accurate sketches.

5.5 Overlap offilms or digital images

When radiographing an area with two or more films or separate detectors, the films or detg¢ctors shall
overlap sufficiently to ensure that the complete region of interest is radiographed. This shall[be verified
by g highzdensity marker on the surface of the object which will appear on each film or detg¢ctor. If the
radjographs are taken sequentially, the high-density marker shall be visible on each of the rddiographs.

5.6 Types and positions of image quality indicators (IQI)

5.6.1 Single wire or step hole IQIs

For tangential radiography, single wire or step hole IQIs are not applicable.

5.6.2 Duplex wire IQI (digital radiographs)

IQIs in accordance with ISO 19232-5 should be used for measurement of the basic spatial resolution
of the CR/DDA system in a reference radiograph (see 7.1.3 and Annex A). The duplex wire 1QI shall be
placed adjacent to the imaging plate or detector array and positioned a few degrees tilted (2° to 5°) to
the digital rows or columns of the digital image.

© IS0 2018 - All rights reserved 5
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6 Recommended techniques for making radiographs
6.1 Testarrangements

6.1.1 General

Normally, radiographic techniques in accordance with 6.1.2 and 6.1.3 shall be used. For both techniques,
the film or digital detector shall be placed as close to the pipe as possible.

6.1.2 Radiation source located on the pipp centre line

For this arfangement, the source is located in front of the pipe and with the film/detector at the-oppdsite
side, as shqwn in Figure 1. The pipe can be non-insulated [Figure 1 a)] or insulated [Figure 1b)}-

SDD ,

SPD PDD

a) Non-insulated pipe

6 © ISO 2018 - All rights reserved
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SDD ,

SPD PDD

b) Insulated pipe
Key
1 detector, D

Figure 1 — Test arrangement and distances for tangential radiography with the sourjce on the
pipe centre line

Notg that the wall loss can be logated on either the inner diameter, outer diameter or both fsurfaces of
the|pipe.

6.1)3 Radiation sourcelocated offset from the pipe centre line

For|this arrangement) the radiation source is located in front of the pipe and with the film/detector at
the[opposite sideyas’ shown in Figure 2 a) (non-insulated pipe) and Figure 2 b) (insulated pipfe).

© ISO 2018 - All rights reserved 7
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SDD ,

SPD

a) Non-insulated pipe
SDD ,

SPD PDD

b) Insulated pipe
Key
1 detector, D

Figure 2 — Test arrangement and distances for tangential radiography with the source offset
from the pipe centre line

8 © ISO 2018 - All rights reserved
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In this test arrangement, the source is offset from the pipe centre line, and is aligned with the centre of
the pipe wall, as shown in Figure 2. Note that the wall loss can be located on either the inner diameter,
outer diameter or both surfaces of the pipe.

6.1.4 Alignment of beam and film/detector
The beam of radiation shall be directed at the centre of the area being examined.
The film or detector should be aligned to be orthogonal to the centre of the radiation beam.

Modifications to these alignments and the test arrangements given in 6.1.2 and 6.1.3 can be needed in
spefial cases, due for example to the presence of obstructions.

Othler ways of radiographing may be agreed between contracting parties.

6.2 Choice of radiation source

For|tangential radiography, the choice of radiation source should be determined by the| maximum
penetrated thickness of the pipe, wmax, which occurs for the path forming'a tangent to the|pipe inner
dianeter, as shown in Figure 3.

Key]
1 |detector, D

Figure 3 — Maximum penetrated thickness, wp,,x, for the tangential technique

- 1 ) LN | - - 1 hml 1 L3
Th HIdXIITUIIT PCIICLT ALEU ULITICKIITSS, Wmax, 1S g1IVEIL Dy IO TITUId [1].

Winax =24/t (D —t) D

where

t is the nominal thickness of the pipe;
De  isthe outside diameter of the pipe.

Table 1 gives recommended limits on the maximum penetrated thickness for different radiation
sources.

© ISO 2018 - All rights reserved 9
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Some forms of insulation (e.g. highly absorbing) can lead to a reduction in the limits on maximum
penetrated thickness, wnpax, given in Table 1.

By agreement between the contracting parties, these values may vary provided the position of the inner
diameter edge can be measured with acceptable accuracy on the resulting radiograph/digital image
using the methods described in 7.6 or 7.7.

Table 1 — Maximum penetrated thickness range for different radiation sources for steel

Radiation source

Limits on maximum penetrated thickness, wy,,x

mm
Basic Improved

(for generalized wall loss) (for pitting flaws)
K-ray (100 kV) <10 <7
K-ray (200 kV) <30 <20
K-ray (300 kV) <40 <80
K-ray (400 kV) <50 <35
Se75 <55 <40
Ir 192 <80 <60
Co 60 <120 <85

For digital

those give] in Table 1 may be used.

To determ
should be
illustratior

To avoid m
time of the

6.3 Film
For radiog

The radiog
are given i

When using metal screens; good contact between films and screens is required. This can be achid
King vacuumspacked films or by applying pressure.

either by u

systems and metal screens

radiographs, somewhat higher values for the limits on maximum penetrated thickness t

ne the appropriate source(s) for a particular pipe,.the maximum penetrated thickness, w
Hetermined using Formula (1) and compared with the values given in Table 1. A graph
of this procedure is given in Annex B.

ption unsharpness, in cases where radiographs are produced using gamma rays, the total tr
source to the exposure position and rewind shall not exceed 10 % of the total exposure tin

raphic examination, film system classes shall be used in accordance with ISO 11699-1.

raphic film system class-and metal screens to use with films for different radiation sou
h Tables 2 and 3. See.also ISO 17636-1:2013, Tables 2 and 3.

han

max»
ical

hvel
e.

'CeS

ved

10
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Table 2 — Film system classes and metal screens for tangential radiography of steel, copper
and nickel based alloy pipes

L. Film system classa .
Radiation source Type and thickness of metal screens
Class TA Class TB

X-ray potentials

2250 KV C5 C4 0,02 mm to 0,15 mm front and back screens of lead
X-ray potentials s ca 0,1 mm to 0,2 mm front screens of leadb
>250 kV'to 500 kv 0,02 mm to 0,2 mm back screens of lead
Vol § ay lJUtClltlalD C 5 C 4 U,LJ I tU U,I I IY Ullt dllU UdUCN

>500 kV to 1 000 kV screens of steel or copper¢

Se 75

Ir 192 Cé6 C5 0,02 mm to 0,2 mm front and back-screens|of leadb
r

Co 60 C6 cs 0,25 mm to 0,7 mm front;ahd back scrdgens

of steel orcopperc

X-ray equipment with
energy from co6 C5
1 MeV to 4 MeV

0,25 mm to 0,7 mm front and back scrdens
ofSte€l or copperc

Up to 1 mm frontscreen of copper, steel or thntalumd
X-ray equipment with C Cs
energy above 4 MeV 6 Back screen of copper or steel up to 1 min and
tantalum up to 0,5 mmd

a Better film system classes may also be used.

b Ready-packed films with a front screen up to 0,03 mm may,be used if an additional lead screen of 0,1 thm is placed
between the object and the film.

c In class TA, 0,5 mm to 2,0 mm screens of lead may also‘be used.

d In class TA, lead screens 0,5 mm to 1 mm may be used by agreement between the contracting parties.

Taple 3 — Film system classes and metal screens for tangential radiography of alumipium and
titanium pipes

Film System classa

Radiation source Type and thickness of metal screenls
Class TA Class TB
X-ray potentials None or up to 0,03 mm front and
<150 kV up to 0,15 mm back screens of lead
X-ray potentials b
150 kV to 5004V C6 Cs5 0,02 mm to 0,2 mm front and back screens ¢f lead
Se 75
0,02 mm to 0,2 mm front and back screens ¢f leadb
[r'192
a Betterfilm system classes may also be used.
b Instead of one 0,2 mm lead screen, two 0,1 mm lead screens may be used.

Different film systems may be used by agreement of the contracting parties, provided the required
optical densities defined in 7.2 are achieved.

6.4 Screens and shielding for imaging plates (computed radiography only)

When using metal front screens, good contact between the sensitive detector layer and screens is
required. This can be achieved either by using vacuum-packed IPs or by applying pressure. Lead screens
not in intimate contact with the IPs can contribute to image unsharpness. The intensification obtained
by use of lead screens in contact with imaging plates is significantly smaller than in film radiography.

Many IPs are very sensitive to low energy backscatter and X-ray fluorescence of back-shielding from
lead. This effect contributes significantly to edge unsharpness and reduced SNR, and should be

© ISO 2018 - All rights reserved 11
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minimized. It is recommended that steel or copper shielding be used directly behind the IPs. Also, a
steel or copper shielding between a backscatter lead plate and the IP can improve the image quality.
Modern cassette and detector designs can consider this effect and can be constructed in a way such
that additional steel or copper shielding outside the cassette is not required.

NOTE Due to the protection layer between the lead and the sensitive layer of an [P, the effect of intensification
by electrons is considerably reduced and appears at higher energies. Depending on the radiation energy and
protection layer design, the effect of intensification amounts to between 20 % and 100 % only (compared to no
screen).

The small intensification effect generated by a lead screen in contact with an IP can be compensated
for by incrgased eXposUTe tme or mitampereminutes, If o fead SCreens are used. SITce fead scrgens
in contact with IPs can generate scratches on IPs, if not carefully separated for the scan process,’lead

screens sh

Table 4 an
sources. O

buld be used for intermediate filtering of scattered radiation outside of cassettes.

[l Table 5 show the recommended screen materials and thicknesses for different radia
ther screen thicknesses may be also agreed between the contracting parties. The ug

Fion
age

of metal sq
radiation \

reens is recommended in front of IPs, and they can also reduce the influence of scattdred

'hen used with DDAs.

Table 4

-

— Metal front screens for CR for tangential radiography of steels, copper and nicke
based alloys

L Type and thickness of metal front screens
Radiation source
mm

0to 0,1 (lead)
0to 0,3 (lead)
Class TA: 0 to 0,3 (lead)
Class TB: 0,3 to 0,8 (steel or copper)
0,3 to 0,8 (steel or copper) + 0,6 to 2,0 (lead)
0,3 to 0,8 (steel or copper) + 0,6 to 2,0 (lead)

case of multiple screens (steel + lead),.the steel screen shall be located between the IP and the lead scr
el or steel and lead screens, thoseicomposed of copper, tantalum or tungsten may be used if the image qu3
n.

by
X-ray g

-ray potentialsb <250 kV
otentialsb >250 kV to 1 000 kV

Ir 192, Se 75b

Co 602
X-ray potentialsa >1 MV

a In the
Instead of st

can be prove

b Pb scr
times the Ph

ben.
lity

bens may be replaced complételyor partially by Fe or Cu screens. The equivalent thickness for Fe or Cu is t}
thickness.

ree

Table 5 +— Metal front screens for CR for the digital tangential radiography of aluminium and

titanium

) . Type and thickness of metal front screens
Radiation source
mm

<0,2 (lead)ab

X:ray potentials <500 kV
Se /o

Ir 192

E.g.instead of 0,2 mm lead, a 0,1 mm screen with an additional filter of 0,1 mm may be used outside of the cassette.

<0,3 (lead)ab

a

b Pb screens may be replaced completely or partially by Fe or Cu screens. The equivalent thickness for Fe or Cu is three
times the Pb thickness.

6.5 Reduction of scattered radiation

6.5.1 Filters and collimators

In order to reduce the effect of back scattered radiation, direct radiation shall be collimated as much as
possible to the section under examination.
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For computed radiography and radiography with DDAs, with Ir 192, Co 60 and other MeV radiation
sources, or in the case of edge scatter, an additional sheet of lead can be used as a filter of low energy
scattered radiation between the pipe and the DDA or CR cassette. The thickness of this sheet is 0,5 mm
to 2,0 mm in accordance with the penetrated thickness.

Materials other than lead such as tin, copper, tungsten, tantalum or steel can be used as a filter. It is
recommended that in the case of alead, tungsten or tantalum filter an additional steel or copper filter is
used between the lead and the detector of thickness 0,3 mm to 1,0 mm. The filter should be as close as
possible to the sensitive plate.

6.5 2—Interception-ofbackseatteredradiation
The presence of back scattered radiation shall be checked for each new test arrangementby 4 lead letter
B (with a minimum height of 10 mm and a minimum thickness of 1,5 mm) placed immediately behind
each film, CR cassette. If the image of this symbol records as a lighter image on the radiograph (negative
pregentation), it shall be rejected. If the symbol is darker or invisible the radiograph is accqptable and
dentonstrates good protection against scattered radiation.

For|digital radiography, if necessary, the detector shall be shielded frem back scattered radiation by
lead of at least 1 mm, or tin of at least 1,5 mm, placed behind the detéector. In some confligurations,
up fo 6 mm of lead can be necessary. An additional shielding of steel or copper (about 0,5 mm) shall
be applied between the lead shield and the detector to reduce the‘influence of lead X-ray flfiorescence
radjation. No lead screens shall be used in contact to the backide of the detector above 80 KeV.

6.6 Source-to-detector distance

For|tangential radiography, the source-to-detectex distance, SDD, and the pipe centre ffo detector
distlance, PDD, are shown in Figures 1 and 2.

Thg minimum source-to-detector distance, SPD, depends on the source size, d, the pipe outefr diameter,
De, find on the pipe centre to detector distanee, PDD.

For|tangential radiography with thesséurce on the pipe centre line [as shown in Figurp 1 a) and
Figuire 1 b)], the distances SDD shall\be in accordance with the following.

For|the basic techniques, class-FA, SDD shall be at least the larger of the two values (in mm) determined
fromn Formula (2) and Formulaf3):

SDD>PDD+3,5-Dj (2)
spp > 4 PRD (3)
0,6.mm

For|the, improved techniques, class TB, SDD shall be at least the larger of the two valu¢s (in mm)
determined from Formula (2) and Formula (4):

SDDZﬂ (4)
0,3 mm

For tangential radiography with the source offset from the pipe centre line, as shown in Figures 2 a)
and 2 b), Formula (2) can be disregarded when determining the minimum SDD. Thus, Formula (3) gives
the SDD for the basic technique TA, and Formula (4) gives the SDD for the improved technique TB.

NOTE Formulae (3) and (4) give geometric unsharpness values of 0,6 mm and 0,3 mm, respectively,
projected to the plane corresponding to the pipe centre, which is close to where the measurements are made
using the tangential technique. The corresponding unsharpness values measured at the detector are larger than
these values due to the effects of projective magnification.
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If tangential radiography is combined with the double wall double image technique, the source to
detector centre distance shall be determined by also taking account of the criteria used for that
technique, as given in ISO 20769-2. The larger of the two values shall be taken.

6.7 Axial coverage and overlap

The maximum axial coverage of the pipe for a single image or film is based on a 20 % increase in
penetrated thickness at the edge of the area to be inspected, as illustrated in Figure 4.

SDD

SPD

Key
1 detectof, D

Figure 4 - Axial cross séetion showing the maximum permissible axial length of the evaluated
area fqr a single source position, on the detector, L4, and along the pipe, L), at the tangent|
position

The total akial.extent of the evaluated area on the detector, Lq, shall be given by Formula (5):

Lq<1,32°8DD (5)

The total axial extent of the evaluated area on the pipe, Ly, shall be given by Formula (6):
Lp<1,32SPD (6)
The formula for Ly shall be used for determining the interval between exposures along a pipe. If the

collimator of gamma sources or the window collimation of X-ray sources are smaller than +35° L, and Lq
need to be reduced corresponding to the maximum available opening angle of the radiation cone beam.

The separate films or digital images shall overlap sufficiently to ensure that no portion of the component
remains un-examined. Unless otherwise specified, the minimum overlap shall be 25 mm axially either
side of the diagnostic area, measured on the source side.
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6.8 Dimensional comparators

For measurement of remaining wall thickness, the film radiographs or digital images shall be
dimensionally calibrated to correct for the geometric magnification (or “blow-up”) caused by the
geometrical arrangement of source, pipe and detector.

One method for dimensional calibration is the use of a ball bearing or other dimensional comparator.
This is an effectively radiation opaque object (usually spherical) with a known diameter and the
tolerance, which is placed close to the pipe, and in the same plane as the tangent position on the pipe
wall, as illustrated in Figure 5. The diameter and tolerance of the comparator shall be agreed between
the contracting parties.

Note that other dimensional calibration methods (see 7Z.5) do not require the use of these| additional
conjparators.

Key]
1 |detector, D
2 |projected dimension, ¢’ ofcomparator, C

Fjgure 5 — Tangential radiography showing use of comparators for dimensional caliibration
(second comparator is optional)

Comparator(s) ‘'shall be placed in the tangent position, as close to the pipe wall as possible, without
oveflapping-it.

Megsurements of the imaged size of the comparator then allow the pipe wall thickness measurement to

b Lot ad £ 7
€ camrarea(See—7o7J-

Note that if the comparator cannot be placed adjacent to the pipe tangent position, due to the presence
of external insulation for example, it is recommended that the source be offset from the pipe centre line
to be aligned with the pipe wall as shown in Figure 6.
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Key

1 detecto

Figure 6
dimensic

The dimen|
insulated,
avoid inacd

6.9 Ima

For digital
avoid imag
minimized
In addition

by prefilter

For insulaf
provided t
dynamic r

r, D

— Tangential radiography showing use of offset sourceposition with comparator
nal calibration, for insulated pipes, where the comparator shall be placed as clos
the outside of the insulation aspossible

sional comparator shall not be wrapped in lead or similar material. However, if the pig
hnd the free beam is saturated (see 6.9), then the comparator shall be wrapped in lea
urate calibration due to burn-off of the edges of the comparator.

pe saturation and use of lead strips to avoid burn-off
radiography (CR or DDA), lead strips close to, or coincident with the edge of the pip

by ensuring the exposure-time is adjusted according to 7.1.1.

the intensity range-between the free beam and the radiograph of the pipe should be redy
s (close to the sout'ee) or intermediate filters (between the pipe and the imaging plate, see |

ell(t)o

r

eis
1 to

e to

e burn-off effects at the pige‘outer diameter should not be used. Burn-off should insteadl be

ced
b.4).

ed pipes, iténay be permissible for the free beam beyond the insulation to be satur
he grey levels adjacent to the pipe wall being measured are not greater than 90 %

wrapped i

6.10 Selecti

6.10.1 Ge

:[ leadier similar to avoid saturation of the image around the comparator.

of|the
inge of the digital system. In this case, if dimensional comparators are used, they sh:I[ be

ed,

neral

The basic spatial resolution of the detector divided by magnification (M = SDD / SPD) shall not
exceed 200 pum for class TA and 130 um for class TB and shall not exceed 5 % of the nominal wall
thickness, t. Different values may be agreed by contracting parties.

If the tangential technique (TA or TB) is used in conjunction with the double wall double image
techniques described in ISO 20769-2 (DWA or DWB), then the magnification, M, above shall be set to
one when finding the basic spatial resolution of the detector, SR,detector,

16
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6.10.2 CR systems

The CR scanner pixel size of the dimensionally calibrated image (see 6.8) shall not exceed 100 pm for
class TA and class TB. For a given radiographic exposure, increasing the CR scanner gain or sensitivity
increases the grey levels, but has negligible effect on the image quality, as measured by the normalized
signal-to-noise ratio (SNRy). To increase SNRY, the exposure shall be increased, not the scanner gain.

For scanners with linear responses between radiation dose and grey level, use of low gain/sensitivity
reduces the likelihood of image saturation. For higher scanner gains, image saturation may occur,
especially in the free beam areas, for relatively short exposures, which do not give sufficiently high
image SNRy values to meet the image quality criteria given in 7.1.

6.10.3 DDA systems

The pixel size of the dimensionally calibrated image (see 6.8) shall not exceed 200 um for class TA
and 130 um for class TB. Different values may be agreed by contracting parties;

7 |Radiograph/digital image sensitivity, quality and evaluation
7.1] Evaluation of image quality

7.1{1 General

Forftangential radiography, conventional wire or step/holgQls are not directly applicable, bgcause they
canpot be positioned near to the tangential pipe positien, and the rapid changes in penetratefl thickness
in this part of a radiographic image make it impossible to assess IQI visibilities in any meanipgful way.

Evaﬁuation of image quality is however requiréd using the following methods to ensure rgproducible
restlts.

7.1{2 Maximum grey level in free béam (digital radiographs)

The exposure time and/or the system sensitivity should be adjusted so that the unimpedefl radiation
beam outside the pipe wall does-not exceed 90 % of the imaging system’s saturation.

7.1)]3 Minimum normalized signal-to-noise ratio (digital radiographs)

Digjtal radiographie-imiages become “noisy” when exposed under sub-optimal conditions (e.g. due to
shoft exposure times). Excessive image noise can become a significant obstacle in the achipvement of
accg¢ptable meaSurement accuracy.

To gnsure that the digital image from CR and DDA systems have acceptable noise levels, the normalized
signial toynoise ratio, SNRy, shall be measured using appropriate software and methods |as defined
in IS@_16371-1 using a measurement area of at least (55 SRypdetector / pixel size of deteqtor) pixels
(verticallsy—~ (20 SRy detector / pivel size of detector)pixels—{horizontally)—SNRy—wvaluds shall be
measured at a minimum of four separate positions, and the average value taken. The measurement
shall be performed in areas of homogeneous grey value distributions. Estimated SRpdetector yalues can
be used for determination of the measurement area.

To derive the normalized SNRy value, the basic spatial resolution, SRpdetector, of the imaging system
shall be measured using the duplex wire IQI method described in ISO 19232-5, or an equivalent method
(ASTM E2002). The measurement shall be carried out before dimensional calibration. SRpdetector shall
be measured.

For the measurement of the detector basic spatial resolution, the duplex wire shall be placed on the
source side of the imaging plate or on the source side of the digital detector array and positioned, a few
degrees tilted (2° to 5°) to the digital rows or columns of the digital image. The measurement shall be
performed with the same source as used for in-service measurements. For gamma radiography, a Cu
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plate of 2 mm or a steel plate of 4 mm should be used as prefilter in front of the gamma source. If the
accuracy of the SRpdetector measurement is not sufficient, the iSRpdetector measurement may be used
instead of the SRpdetector measurement in accordance with 1SO 19232-5 or ASTM E 2002.

If it is impractical to include a duplex wire IQI on each exposure, the basic spatial resolution can be
determined in advance for the same imaging system, provided exactly the same system settings are
used (for a CR system, these settings include the same CR scanner, imaging plate type, pixel size,
radiation source, scan speed and the scanner’s gain and laser intensity).

The average SNRy values obtained in an unsaturated free beam area of the image outside the pipe shall
be at least 70 for the basic class (TA) and shall be at least 100 for the improved class (TB).

If the pipe
double im4
qualities (]

centre line is available for measurement of SNRy (e.g. with combined tangential/doubléA
ge radiography), then minimum SNRy values of 50 and 80 for the standard (TA) and hig
'B) respectively can be used as an alternative to the above free beam SNRy values.

vall
her

Note that in all cases when measuring SNRY, it is important that the image is in a form having the image
grey levels|directly proportional to radiation intensity, otherwise the values will be‘incorrect.

7.2 Dengpity of film radiographs

For tangertial film radiography, it shall be ensured that exposure conditions are as far as posdible
such that the following minimum optical densities are achieved for thedilm system classes as givep in
Table 2.

— optical density on the pipe centre line 21,5;

— optical density in the unimpeded beam (outside the pip€):"3,5 to 4 (maximum);

— optica] density in a tangent position of the inner pipe'wall 20,5.

If the optig

one emulsion side shall be removed for measutements of outer wall position. If the optical densit
r equal to 4 in the remaining emulsion, the radiograph can be accepted for wall thickness

less than d
measurem

A measuripg uncertainty for the optjeatdensity of +0,1 is permitted.

In order to
base and fq
used, and K

al density in the unimpeded beam is.greater than 4, then in the outer tangential posit

ent.

avoid unduly high fog densities arising from film ageing, development or temperature,
g density shall be gheeked periodically on a non-exposed sample taken from the films b¢
andled and progessed under the same conditions as the actual radiograph. The base and

ion,
y is

the
Ping
fog

density shall not exceed @,3:

When usinfg a multj-filin technique with interpretation of single films the optical density of each fi
shall be in accorddnee with that given above. If double film viewing is requested, the optical densitly of
one single film shall not be lower than 0,8 on the pipe centre line.

7.3 Filmprocessing

Films are processed in accordance with the conditions recommended by the film and chemicals
manufacturers to obtain the selected film system class. Particular attention shall be paid to temperature,
immersion (developing) time and washing time. The film processing shall be controlled regularly in
accordance with ISO 11699-2. The radiographs should be free from defects due to processing or other
causes which would interfere with interpretation.

7.4 Film viewing conditions

The radiographs should be examined in a darkened room on an area of the viewing screen with an
adjustable luminance in accordance with ISO 5580. The viewing screen should be masked to the area of
interest.
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7.5 Dimensional calibration of radiographs or digital images

7.5.1 General

For tangential radiography, when making dimensional measurements of wall thickness, itis necessary to
calibrate the distances involved in the radiography, to allow for the image enlargement (magnification)
or “blow-up”. The geometric magnification effect for tangential radiography is shown in Figure 7.

SDD

Key)
1 |detector, D

=y

igure 7 — Geometricmagnification for tangential radiography showing the measured wall
thickness, tmeas

The following miethiods can be used for dimensional calibration, to calculate the actual wal] thickness,
tact] from the-meéasured value, tmeas.

7.5]2 «Measurement of distances in radiographic setup

thod 1o aluac divact Sbhociool s naciipnannd o b ooy oo onc tauaload to v o nd

This+#e direetph di h
15HetRoatHhvorveS—airect Py SICaT TS UT CIICTIC O ChC ISy S tartCcC o v OTv OO i oric— 1 a lOgI'ap y.

For calibration by the distances method, two of the following distances need to be measured accurately
to obtain results with precision and bias of <5 %):

a) source to detector distance, SDD;

b) distance from source to pipe centre line, SPD;

c) distance from detector to pipe centre line, PDD.

In addition, the following distance shall also be recorded:

d) lateral offset (if any) of source from pipe centre line, x.
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For offset tangential radiography (with x approximately equal to r), the true wall thickness, t;¢t, at the
tangential pipe position can be calculated from the measured wall thickness, tyeas, using Formula (7):

SPD

SD_D “Umeas (7)

act —

If x is approximately equal to 0, then Formula (8) can be used to calculate the wall thickness, t;t, from

the measured value tyeas with higher accuracy:

SPD( r____lmeas
Jspp2 ;2 SDD
tat =1 k )2 (8)
1+ r _ tmeas
where ris half the pipe outside diameter (= De / 2).
For practidal in-service radiography, the accurate physical measurements of distances can be difficult
to achieve And document reliably. If it is considered to be the case, the alterndtive methods given bdlow
shall be usgd.

7.5.3 Mg

Provided t
radiograph
pipe outsid

The actua
thickness ¥

asurement of pipe outside diameter

he pipe outside diameter is known accurately at the measurement position in the imag
, then dimensional calibration can be achieved by, measurement of the imaged size of
e diameter, D¢, on the radiograph or digital image:

remaining wall thickness, tac, can thenche found from the measured remaining \
alue, tmeas, using the ratio of the actual to-mteasured pipe outside diameter in Formula (9

b Or
the

vall

):

De.
meas )
D

(9)

Lact =1

7.5.4 Dimensional comparator

outside diameter is_net known accurately or reliably, then the alternative dimensi¢nal

method, described jn\6:8, shall be used.

If the pips
calibrator

With this 1
the actual 1
value, tmea

nethod, the measured dimension of the comparator, ¢’, is used to calibrate the distances, so
emaining wallthickness, t,ct, can then be found from the measured remaining wall thickness
L, using the'patio of the defined (c) to measured (c') comparator dimensions in Formula (10):

c

Lact =UYmeas T, 10)

Note that if the pipe outside diameter is known accurately, the method described in 7.5.3 is likely to
provide more accurate measurements, since the calibration is made over a larger distance which can be
measured more accurately in percentage terms than the smaller distance across a comparator.

7.6 Wall thickness measurements for film radiographs

Dimensional measurements from film radiographs can be made with callipers, of both the pipe wall
thickness and an object of known dimension, for calibration purposes (i.e. the ball-bearing comparator
or known pipe outside diameter. See 7.5.3 and 7.5.4).
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7.7 Wall thickness measurements for digital radiographs

7.7.1 Interactive on-screen measurements

CR/DDA systems contain software options which allow on-screen interactive dimensional
measurements using a cursor overlaid on the digital images, without reference to the underlying grey
level values in the images. The user then judges visually the locations in the image of the inner and
outer edges of the pipe wall.

This method can be sub]ect to 51gn1f1cant errors as the apparent wall thickness depends on the contrast
and-b ing maximum
penetrated thlckness values Wmax approachmg the maximum of those recommended forthle radiation
soufce in use (see Table 1). To reduce these errors, the following techniques can be used:

a)

b)

If t
acc
sect

7.7

7.7

In :
thid
tot
pre

7.7

Aut|
the
the
cor
rou

Int

high-frequency spatial filtering (sharpening) which emphasises the positions of the edges
wall in the images, and reduces the dependence on the contrast and brightness-settings on

for some images, display of the image using a logarithmic relation between radiation in
grey level reduces the overall image contrast and improves the definition of the inng
position. Some CR scanners give logarithmic images directly. For €hoSe scanners and DI
that provide non-logarithmic response images, an appropriateflook-up table (LUT) can
obtain a digital image with a logarithmic response.

his interactive on-screen measurement method is used) ‘it shall be first checked for
iracy using the current contrast and brightness settings of the displayed image, by appl
ion of the pipe with known wall thickness (e.g. knowhto be uncorroded or not eroded).

2  Grey-level profile analysis methods

2.1 General

ddition to on-screen measurements; covered in 7.7.1, many CR/DDA systems also

kness measurement methods basedon analysis of a grey level profile taken in a direction
he pipe wall axis. The software extracts a grey-level profile along this line, which is the
sented on-screen, superimposed on the image, as illustrated in Figure 8.

2.2 Automated routines

maximum tangential penetrated thickness, wnax, is approaching the maximum posg
radiation source in use (see 7.2). In addition, other factors such as the presence of extd
fosion preducts or irregular internal/external corrosion can affect the accuracy of these
fines.

of the pipe
the image;

ensity and
r diameter
A systems
be used to

acceptable
cation to a

allow wall
brthogonal
h generally

pmated analysisroutines can increase the reliability of the measured wall thickness values, unless

ible, given
brnal scale,
automated

hese cases, the automated routlnes are sub]ect to uncertalntles and the operator shoul

con

7.7.

2.3 Interactive methods

I check the

As an alternative to automated routines for wall thickness analysis, the operator can use available
interactive facilities for analysis of the grey level profile. Accuracy is likely to be improved, especially
for pipes having higher w3« values, if the digital images have a logarithmic response and are high-pass
filtered.

Figure 8 shows an example of interactive measurement of wall thickness, using cursors on a grey level
profile across the pipe wall, after applying a logarithmic look-up table to the CR image, and high-pass
filtering to enhance details. The position of the outer diameter corresponds to a clear peakin the profile,
and the location of the inner diameter is given by the minimum and pronounced change in gradient of
the profile.
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This method, combined with a visual assessment of the image, can in some circumstances give higher
measurement accuracy than the automated routines described above.

Figure 8 -

The accur:
approache

w3067 mac 36T
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a grey level profile taken across the pipe wall

w34 ud 463

- Example of interactive wall thickness measurement using cursors superimposed on

icy of all measurement methods decrease as the tangential penetrated thickness, whax,
b the maximum value recommended.for'the X-ray source or isotope in use (see Table 1), since

the locatiop of the inner wall becomes incredsingly difficult to determine with any reliability duf to

lack of con
7.8 Rem

7.8.1 Mg

For some
high accur
procedure

This requi
from the tz

rast and increased noise.
aining thickness measurements for degradation

asurements for internal degradation

ngéntial location.

hpplications, it~js/important to determine the minimum remaining wall thickness with
acy. It shalldedetermined, if required, for evaluation of degradation using the following

‘es minimization of any misalignment between the deepest part of the area of degradation

NOTE1 As the circumferential coverage of the tangential technique is Timited, a reliable measurement of
remaining wall thickness can only be achieved if the point of greatest severity on an area of internal degradation
is accurately positioned at the point at which the radiation beam is tangential to the pipe wall, as illustrated in
Figure 9. In practice, in a field environment, it can be difficult to adjust the positions of the source and detector to
achieve the required positional accuracy in a single exposure.

22
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degradation for measurement of remaining wall thickness

double wall technique (see ISO 20769-2), or other methods, should be used initially
hs of internal degradation and to determine the axial and circumferential location of the |
radation showing the greatest contrast, which should correspond to the point of greate
source and detector should then be rotated until this point is as close as possible to the
ch the radiation beam is tangential to the pipe{as shown in Figure 9).

remaining wall thickness should then be measured on the resulting tangential rad
hber of exposures should be taken with-source and detector moved to ensure the circu
tion of tangential location varies either side of the initial position.

E2  Evaluation of the tangential\radiographs can also be used to minimize any misalignment
ppparent on the initial exposufie. The required angular increment between exposures depends
heter, the morphology of the-degradation and the accuracy required.

values should be in the range 5° to 15° depending on the pipe diameter. The larger dian
ller angle increments:

measurements of remaining wall thickness from the multi angle tangential radiograph:
xamined and/thie minimum value used (see Figure 10). For further information, see Ann¢

E 3 Inthis case, the overall minimum thickness of 5 mm was found at 10° to the initial measur
a total.of 4 measurements were needed to locate the position of the minimum wall thickness.

Figure 9 — Optimum location of source, detector and deepestpoint on an area of internal

to identify
point in the
5t severity.
position at

iograph. A
mferential

effects that
on the pipe

eters need
shall then

ex C.

bment angle
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6,2

N i

5,4

52

4,8

-10 -5 0 5 10 15 20 X

Key

X circumferential angle of the tangent point from the highest pointon the corrosion product (°)
Y minimym wall thickness at each angle (mm)

Figure 10 |— Example of tangential thickness measurements made at different angles to find
minimum remaining ligament of 5 mm for a corroded area

7.8.2 Madasurements for external degradation

For some ppplications, it is important to determine the minimum remaining wall thickness ¥
high accurpcy. It shall be determined, if required, for evaluation of degradation using the follow
procedure

the

vith
fing

The measufrements of theremaining thickness shall be performed by tangential radiography to evalgate

the areas df external dégradation.

NOTE 1 or some forms of external degradation, tangential radiography is capable of providing reli

hble

measuremehts of-remaining wall thickness with an accuracy similar to that for uniform wall thickness pipes.

However, significant unreliability in the measurements of remaining thickness can be obtained when u|

5ing

tangential rpdiography to inspect some areas of external corrosion in the following circumstances (see Anne

k C):

— when the deepest part of the corrosion is misaligned from the exact location of the tangent position of the

radiation beam on the pipe;

— when the external corrosion morphology results in the profile of the uncorroded steel being concave in

shape, compared with the normal convex curvature of the ungraded pipe OD;.
— when the external corrosion consists of fine pitting superimposed on a more general areas of wall loss.

The following procedure should be applied, as shown in Figure 11.

a) Position the source and detector as accurately as possible to ensure that the most severe part of
the degradation is as close as possible to the tangent position. For uninsulated components, this
corresponds to the thickest part of the external corrosion scab. For insulated components, double

wall images should be used to locate the position of the greatest wall loss.
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f)
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Obtain a radiograph that meets at the least the requirements of class TA. Class TB should be used if

there is a likelihood that the remaining steel profile is concave.

Assess the radiograph for:

— featuresorstructure in the image of the pipe wall under the corrosion (e.g. as shown in Figure C.3)
which are indicative of a concave external profile of the remaining steel in the pipe wall;

— fine pitting in the double wall portions of the image of the corrosion (e.g. as shown in Figure C.5).

If either or both of the characteristics in c) are present, then these should be documented in the

43 £ A 1 ' it ol
TISPCCTIoTT T CPOT Canar UTITy o COTTOSTOIT SCVETTCY TCPOTTCUT

If neither of the characteristics in c) are seen on the radiograph, the minimu 'é?n)(
thickness under the corroded area shall be found using the methods described {n 7.7.
exposures should be taken with the source and detector positioned so as t r,'(}téte the
point around the circumference of the pipe, in both directions away f'g? the initiz
Exposures should be taken at increments of about 5° to 15° depending e pipe OD.
diameters need smaller angle increments.

NOTE 2  The increment can be about 5° for pipes with 150 mm (6 i @Qor larger. For small
50 mm to 75 mm (2 in to 3 in) pipes the increment can be increased t&\a out 10° to 15°.

O

The minimum thickness values obtained in e) should be e\ﬁated and the measurement;
for increasing angles away from the initial position, u he minimum wall thicknes
determined. The measurements of remaining wall:thickness from the multi angle
radiographs shall then be examined and the min

information, see Annex C. ‘QQ
Start Q« \6
\U
J‘ -
Align Source ctor
so that thickest/part of
scab is tangential
-
~O
oes pipe wall image show YES
C ny structure or features?
0% NO
?J Does double wall radiograph YES
E 0 show any evidence of pitting?

NO

ining wall
Additional
tangential
] position.
The larger

er diameter

continued
s has been
tangential

m value used (see Figure 10). For further
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Figure 11 — Overview of procedure for tangential radiography of externally degraded pipes

25


https://standardsiso.com/api/?name=121c74bae10059df61229e1c9064a759

ISO 20769-1:2018(E)

8 Digital image recording, storage, processing and viewing

8.1 Scan and read out of image

Detectors or scanners are used in accordance with the conditions recommended by the detector and
scanner manufacturer to obtain the selected image quality. The digital radiographs should be free from
artefacts due to processing and handling or other causes which would interfere with interpretation.

8.2 Multi radiograph technique

Different dligital radiographs at different exposure conditions may be used to optimize the SNR of|the
outer wall [in one exposure and to optimize the SNR of the inner wall in a second exposure. The'solyrce
and detectpr position shall not be changed for these exposures. The distance between the inner pnd
outer surface may be determined from the different exposures in analogy to multi filh, viewing. A
software tpol may be used to measure the wall thickness from the different images or ffom an overfaid
image. Thg performance of this technique and any applied software shall be deménstrated withh an
exposure df a reference pipe sample with known dimensions.

8.3 Calibration of DDAs

If using DDAs, the detector calibration procedure as recommended by the manufacturer shall be applied.
The detectpr shall be calibrated with a background image (without radiation) and at least with one gain
image (radjation on and homogeneously exposed). Multi-gain calibration increases the achievable SNRy
and linearity but takes more time. All calibration images shall be-taken at least with two times layger
exposure dose (mA-min or GBg-min) as finally used for the production radiographs to minimize|the
noise intrdduction of the calibration procedure. Calibratedimages should be treated as unproceqgsed
raw images for quality assurance if the procedure has been documented. The calibration and a bad gixel
interpolatipn shall be performed periodically and if théZexposure conditions are changed significanfly.

8.4 Bad|pixel interpolation

Bad pixels pre underperforming detector elements of DDAs. They are described in ASTM E2597. If uging
DDAs, the detector shall be mapped to determine the bad pixel map in accordance with the manufactiirer
guideline. [This bad pixel map shall be-documented. The bad pixel interpolation is acceptable and an
essential procedure of radiography-with DDAs. It is recommended to apply only detectors which have
no cluster kernel pixels (CKP) in-theregion of interest (ROI).

8.5 Image processing

The digitdl data of.theé radiographic detector shall be evaluated with linearized grey value
representation which,is directly proportional to the radiation dose for determination of SNR, SRy, and
SNRy. For pptimal-image display, contrast and brightness should be interactively adjustable. Opti¢nal
filter functlions, profile plots and an SNR, SNRy tool should be integrated into the software for inlage
display andl evaluation. For critical image analysis, the operator shall interpret the image with a zgom
factor between I:T (meaning I pixel of the digital radiograph Is presented by one monitor pixel) and 1:2
(meaning 1 pixel of the digital radiograph is presented by four monitor pixels).

Further means of image processing applied on the stored raw data (e.g. high pass filtering for image
display) shall be documented, repeatable and agreed between the contracting parties.

8.6 Digital image recording and storage
CR/DDA images should be stored in a file format which supports a minimum of 12 bits/pixel.

The original images shall be stored in full resolution as delivered by the detector system. Only image
processing connected with the detector calibration [e.g. off-set correction, gain calibration for detector
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equalization and bad pixel correction (see also ASTM E2597) to provide artefact-free detector images]
shall be applied before storage of the raw data.

The data storage shall be redundant and be supported by suitable back-up strategies to ensure “loss-
less” data storage.

Any data compression techniques used in the storage of these files shall be “loss-less”, i.e. it shall be
possible to reconstruct the exact original data from the compressed data.

8.7

Monitor viewing conditions

Thd

digital radiographs shall be examined in a dimmed room. The monitor setup shall becvd

rified with

diographic
btanding of

a syitable test image.

The display for image evaluation shall fulfil the following minimum requirements:

a) [minimum brightness of 250 cd/m?;

b) |display of at least 256 shades of grey;

¢) |minimum displayable light intensity ratio of 1:250; and

d) |display of at least 1 megapixel resolution, with a pixel pitch of less than 0,3 mm.

9 |Testreport

Forleach exposure, or set of exposures, a testreport shallbe made giving information on the ra
technique used, and on any other special circumstances which would allow a better under
the[results.

The test report shall include as a minimum the*following information:

a) |areference to this document (i.e. [SO:20769-1);

b) |the name of the examination body;

c) |the object and pipe isomettic and pipe content;

d) [the material type, outer-diameter, D, and nominal wall thickness, ¢, of the pipe;

e) |the material, thiekness and conditions of insulation;

f) |the material)dimensions and position of the comparator, C;

g) |the specification of examination, including requirements for acceptance;

h) |thelrddiographic technique and class;

i) Hhetestarrangementimaceordancewith -1

j) the system of marking used;

k) the detector position plan;

1) the radiation source, type and size of focal spot and identification of equipment used;
m) the detector, screens and filters;

n) the tube voltage and current used or source activity;

o) the time of exposure, SDD and PDD, magnification;

p) the film type, film system and film processing;

© ISO 2018 - All rights reserved
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q)

28

the CR system, IP type, scanner model, scanner parameters e.g. scan speed, gain, laser intensity,
laser spot size, pixel size;

the DDA type, operating parameters, pixel size;

the basic spatial resolution of digital detectors;

the measured image parameters:

1) film densities measured at pipe centre (if applicable), in the pipe wall and outside pipe;

2) SNRy,achieved at the pipe centre (ifnpplirnhlp) and in the free heam:

the mq
the m3
additid
any de
the na

the da

asured wall thicknesses, including minimum measured wall thickness and its location;
terial loss: inside, outside, pitting or generalized;

nal observations;

viation from this document, by special agreement;

me, certification and signature of the operator;

e(s) of exposure and test report.
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Choice of radiation source for different pipes

Figure A.1 shows the max1mum penetrated steel thickness, wmax, as a function of plpe wall thickness

for : Wmax are
alsq shown for the apphcatlon of the dlfferent radlatlon sources, Wthh allows the approprla le source to
be delected for a particular pipe, given the outside diameter and wall thickness.
Dimeénsions inf millimetres
Wmax
1000
D, =355,6 mm (14"NB)
D, =273,0 mm (10"NB)
— D, =219,1 mm (8"NB)
D, =168,3 mm (6"NB)
Co 60
100 > D,=114,3 mm (4"NB)
Ir 192 ’ D, =889 mm (3'NB)
Se 75 "NB)
= o
—— D =334 1'N
- ,/ mm ( 200 kV
— 1~
—
10
1 100 ¢
Figure A.1 — Maximumpenetrated steel thickness, wn;x, as a function of wall thickness, t,¢¢
The curves in Figure A:¥ show the values for pipes of differing outside diameters, D, with dimensions
given in millimetres-and nominal bore, NB, according to ANSI B36.1. The limits for differerjt radiation
soufces given i~-Table 1 for class TA are also illustrated. These limits can be increasefl if digital
radjography is\used.
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