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1. Zakres
Procedura opisuje badanie rentgenowskie zlaczy spawanych
wedlug ASME BPVC V:2023.

2. Zastosowanie
Procedura ma zastosowanie do badania ptaskich, katowych i
obwodowych spoin czotowych ztgczy spawanych dla blach i rur
stalowych.

3. Dokumenty odniesienia
ASME BPVC.V:2023 Boiler and pressure vessel
Nondestructive examination.
ASTM E94/E94M Standard guide for radiographic examination
using industrial radiographic film.

code

4. Personel badan nieniszczacych

Personel badan nieniszczacych musi posiada¢ kwalifikacje i
certyfikaty zgodne z NVT/RT/ASME/WPSNT2020.

5. Stosowana aparatura

5.1. Zrédlo promieniowania
Badanie nalezy przeprowadzi¢ aparatem rentgenowskim lub
izotopem promieniotworczym odpowiednim do danego
zastosowania.

5.2. Blona radiograficzna
Radiogramy nalezy wykonywaé stosujac przemystowe btony
radiograficzne (wg ASME V, Artykut 2, par. T-231). Wybor
typu btony zalezy od indywidualnych wymagan uzytkownika,
takich jak:

e poziom wymaganej jakosci radiogramu

e czasy ekspozycji

e inne czynniki jak np. ekonomiczne itp.
(wg ASTM E94/E94M, par. 9)

5.3. Okladki
Oktadki z folii otowianej nalezy stosowa¢ w bezposrednim
kontakcie z blona radiograficzng.

5.4. Filtry
Nie nalezy stosowac zadnych filtrow.

5.5. Wskaznik jakoS$ci obrazu

Nalezy stosowa¢ wskazniki obrazu typu precikowego.
Wskazniki precikowe musza by¢ wyprodukowane i oznakowane
zgodnie z wymaganiami BPVC.V:2023, Artykut 22, SE-747 lub
analogicznymi dopuszczanymi przez ASME, z wyjatkiem tego
ze najwyzszy numer precika lub numer identyfikacyjny moze by¢
pominiety. Wskazniki jako$ci obrazu wg normy ASME powinny
by¢ zgodne z tymi z ASME V, Artykut 2, Tabela T-233.2.
Nalezy dobra¢ wskaznik jako$ci obrazu wytworzony ze stopu tej
samej grupy lub gatunku co materiatu przeswietlany lub z grupy
materiatowej lub gatunku o mniejszej absorpcji promieniowania
niz materiat przeswietlany.

1. Scope
This procedure describes radiographic examination of welded
joints according to ASME BPVC V:2023.

2. Application
This procedure is to applied to examination of flat, angle and
circumferential butt-welded joints in plates and pipes, made of
steel.

3. Referenced documents
ASME BPVC.V:2023 Boiler and pressure vessel code
Nondestructive examination.
ASTM E94/E94M Standard guide for
examination using industrial radiographic film.

radiographic

4. NDT personnel
NDT personnel shall be qualified and certificated in
accordance with NVT/RT/ASME/WPSNT2020.

5. Equipment used

5.1. Radiation source
The examination shall be carried out by means of an X-ray
generator or a radiation isotope suitably for the requirements
given.

5.2. Radiographic film
Radiographs shall be made using industrial radiographic film
(acc. to ASME V, Article 2, par. T-231). Choice of film type
depends on individual user requirements, as follows:

o radiographic quality levels

e exposure times

e other factors like cost efficiency etc.
(acc. to ASTM E94/E94M, par. 9)

5.3. Screens
Lead foil screens are used in direct contact with films.

5.4. Filters
No filters shall be used.

5.5. Image Quality Indicator (I1QI)
1QI shall be wire type. Wire-type 1QIs shall be manufactured
and identified in accordance with the requirements or
alternates allowed in ASME BPVC.V:2023, Article 22, SE-
747, except that the largest wire number or the identity number
may be omitted. ASME standard 1QIs shall consist of those in
ASME V, Article 2, Table T-233.2.
1Q1 shall be selected from either the same alloy material group
or grade or from an alloy material group or grade with less
radiation absorption than the material being radiographed.
The designated essential wire shall be as specified in ASME
V, Article 2, Table T-276.
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Wymagany precik powinien by¢ zgodny z wyszczegdlnieniem w

ASME V, Artykut 2, Tabela T-276.

Table T-233.2 1Ql Group Wire Material
Wire 1QI Designation, Wire Diameter, and
Wire Identity _
Group 1 Stainless Steel
Set A Set B
Wire Diameter, Wire Wire Diameter, Wire
in. (mm) Identity in. (mm) Identity Group 2 Aluminium Bronze
0.0032 (0.08) 1 0.010 (0.25) 6
0.004 (0.10) 2 0.013 (0.33) 7
0.005 (0.13) 3 0.016 (0.41) 8 Group 3 Inconel
0.0063 (0.16) 4 0.020 (0.51) 9
0.008 (0.20) 5 0.025 (0.64) 10
0.010 (0.25) 6 0.032 (0.81) 11 Group 4 Copper
Set C Set D
Wire Diameter, Wire Wire Diameter, Wire Group 01 Titanium
in. (mm) Identity in. (mm) Identity
0.032 (0.81) 11 0.100 (2.54) 16
0.040 (1.02) 12 0.126 (3.20) 17 Group 02 Aluminium
0.050 (1.27) 13 0.160 (4.06) 18
0.063 (1.60) 14 0.200 (5.08) 19
0.080 (2.03) 15 0.250 (6.35) 20 Group 03 Magnesium
0.100 (2.54) 16 0.320 (8.13) 21
Table T-276
1QI Selection
Q1
Source Side Film Side
Nominal Single-Wall Material Thickness Hole-Type Essential Wire-Type Hole-Type Essential Wire-Type
Range, in. (mm) Designation Hole Essential Wire| Designation Hole Essential Wire
=0.25 (=6.4) 12 2T 5 10 2T 4
>0.25 through 0.375 (>6.4 through 9.5) 15 2T 6 12 2T 5
>0.375 through 0.50 (>9.5 through 12.7) 17 2T 7 15 2T 6
>0.50 through 0.75 (>12.7 through 19.0) 20 2T 8 17 2T 7
>0.75 through 1.00 (>19.0 through 25.4) 25 2T 9 20 2T 8
>1.00 through 1.50 (>25.4 through 38.1) 30 2T 10 25 2T 9
>1.50 through 2.00 (>38.1 through 50.8) 35 2T 11 30 2T 10
>2.00 through 2.50 (>50.8 through 63.5) 40 2T 12 35 2T 11
>2.50 through 4.00 (>63.5 through 101.6) 50 2T 13 40 2T 12
>4.00 through 6.00 (>101.6 through 152.4) 60 2T 14 50 2T 13
>6.00 through 8.00 (>152.4 through 203.2) 80 2T 16 60 2T 14
>8.00 through 10.00 (>203.2 through 254.0) 100 2T 17 80 2T 16
>10.00 through 12.00 (>254.0 through 304.8) 120 2T 18 100 2T 17
>12.00 through 16.00 (>304.8 through 406.4) 160 2T 20 120 2T 18
>16.00 through 20.00 (>406.4 through 508.0) 200 2T 21 160 2T 20
GENERAL NOTE: Itis recognized that the required hole-type designation or wire-type essential wire in this table may not achieve an 1Q1
sensitivity level of 2-2T. This is intentional.
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Spoiny z wyciekiem i nadlewem: Grubo$¢, na podstawie ktorej
dobierany jest wskaznik jakosci obrazu, to nominalna grubosé
pojedynczej $cianki plus wysoko$¢ wycieku i nadlewu (str. wew.
oraz str. zew.). Nie jest wymagane mierzenie wysokosci nadlewu
i wycieku. Grubosci podktadek nie nalezy bra¢ pod uwage przy
wyborze precika.

Spoiny bez nadlewu i wycieku: Grubos¢, na podstawie ktorej
dobierany jest wskaznik jakosci obrazu, to nominalna grubosé
pojedynczej Scianki. Grubosci podktadek nie nalezy bra¢ pod
uwage przy wyborze precika.  (zgodnie z ASME V, Artykut 2,
punkt T-276.2)

6. Woykonanie badania
6.1. Przygotowanie do badania

6.1.1. System opisu radiogramow

Nalezy stosowaé systemowa metode trwalej identyfikacji
kazdego radiogramu, umozliwiajaca przesledzenie wg zlecenia,
elementu, spoiny lub numeru cze¢$ci, numer seryjny w zalezno$ci
od rodzaju elementu badanego. Dodatkowo, symbol producenta
lub nazwa i data radiogramu powinny by¢ w sposob widoczny i
trwaly uwidocznione na kazdym radiogramie. W takim systemie
oznaczania nie jest wymagane umieszczanie informacji na
obrazie radiogramu. W kazdym wypadku, taka informacja nie
moze zastania¢ badanego obszaru (ASME V, Artykut 2, paragraf
T-224).

6.1.2. Znaczniki polozenia

Znaczniki potozenia (rysunek T-275), ktore musza si¢ pojawi¢ w
obrazie radiogramu, powinny by¢ umiejscowione na elemencie,
a nie na kasecie / uchwycie btony. Umiejscowienie znacznikow
polozenia, jesli dozwolone, powinno by¢ trwale oznaczone na
przeswietlanym elemencie; w innym wypadku umiejscowienie
znacznika nalezy oznaczy¢ na planie w taki sposob, aby obszar
zawarty na radiogramie mogt by¢ jednoznacznie odniesiony do
jego lokalizacji na badanym elemencie. Na radiogramie nalezy
rowniez wykazaé, ze wymagane pokrycie badanego obszaru
zostalo zapewnione. Znaczniki potozenia powinny by¢
umiejscowione jak pokazano w ASME V, Artykut 2, rysunek T-
275.

Welds with reinforcements: The thickness on which the 1QI is
based is the nominal single-wall thickness plus the actual weld
reinforcement thickness estimated to be present on both sides
of the weld (I.D. and O.D.). Physical measurement of the
actual weld reinforcements is not required. Backing rings or
strips shall not be considered as part of the thickness in 1QI
selection.

Welds without reinforcements: The thickness on which the
IQI is based is nominal single-wall material thickness.
Backing strips or strips shall not be considered as part of the
thickness in 1QI selection. (according to ASME V, Atrticle 2,
point T-276.2)

6. Examination execution
6.1. Examination preparation

6.1.1. Identification system

A system shall be used to procedure on each radiograph
permanent identification on the radiograph traceable to the
contract, component, weld or part numbers, serial number as
appropriate. In addition, the Manufacturer’s symbol or name
and the date of the radiograph shall be plainly and permanently
included in each radiograph. This identification system does
not necessarily require that the information appear as
radiographic images. In any case, this information shall not
obscure the area of interest (ASME V, Atrticle 2, paragraph T-
224).

6.1.2. Location markers

Location markers (Figure T-275) which shall to appear as
radiographic images on the radiograph, shall be placed on the
part, not on the exposure holder / cassette. Their locations shall
be permanently marked on the surface of the part being
radiographed when permitted, or on a map, in a manner
permitting the area of interest on radiograph to be accurately
traceable to its location on the part, for the required retention
period of the radiograph. Evidence shall also be provided on
the radiograph that the required coverage of the region being
examined has been obtained. Locations markers shall be
placed as shown in ASME V, Article 2, Figure T-275.
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6.1.3. Promieniowanie rozproszone

Otowiany symbol “B”, o minimalnych wymiarach: wysoko$¢ 11
mm, grubo$¢ 1,5 mm, musi by¢ dotaczony z tytu kazdej kasety
podczas kazdej ekspozycji w celu okreslenia, czy btona jest
naswietlana promieniowaniem wstecznym rozproszonym.
Otowiany symbol ,,B” powinien by¢ umiejscowiony tak by byt
widoczny na radiogramie i spetnial wymagania T-282 ASME V.
(ASME V, Artykut 2, paragraf T-223).

Jezeli widoczny jest jasny obraz litery ,,B” na ciemniejszym tle
radiogramu, ochrona przed promieniowaniem wstecznym
rozproszonym jest niewystarczajaca, a obraz radiograficzny
uwaza si¢ za nieakceptowalny. Ciemna litera ,,B” na jasniejszym
tle nie jest podstawa do odrzucenia obrazu.

6.2. Technika badania

Technika ekspozycji przez jedna S$ciankge powinna by¢
stosowana, kiedy tylko jest to praktycznie uzasadnione. Kiedy
stosowanie techniki ekspozycji przez jedna $cianke jest
niepraktyczne, nalezy stosowaé technikg ekspozycji przez dwie
$cianki. W celu zapewnienia wymaganego pokrycia obszaru
badanego powinna by¢ wykonana odpowiednia ilos¢ ekspozycji
(ASME V, Artykut 2, paragraf T-271)

6.2.1. Ekspozycja przez jedng Scianke
W technice ekspozycji przez jedng $cianke, promieniowanie
przechodzi tylko przez jedna $cianke zlacza spawanego i jest ona
klasyfikowana na radiogramie (ASME V, Artykut 2, paragraf T-
271.1)

6.2.2. Ekspozycja przez dwie Scianki
Kiedy zastosowanie techniki ekspozycji przez jedng Sciankg nie
jest mozliwe, nalezy stosowa¢ jedna z ponizszych technik
ekspozycji przez dwie Scianki:

Klasyfikacja jednego obrazu. Dla spoin na elementach, mozna
stosowac technike, w ktorej promieniowanie przechodzi przez
dwie $cianki, a tylko spoina na $ciance od strony blony jest
klasyfikowana na radiogramie. Kiedy wymagane jest
przeswietlenie 100% spoiny obwodowej, nalezy wykonaé co
najmniej trzy ekspozycje co 120°.

Klasyfikacja dwoch obrazéw. Dla spoin na elementach o
srednicy zewngtrznej rownej lub mniejszej niz 89 mm, mozna
stosowac¢ technike, w ktdrej promieniowanie przechodzi przez
dwie $cianki i spoiny na obu $ciankach sg klasyfikowane na
podstawie tego samego radiogramu. Do klasyfikacji dwodch
$cianek wskaznik jako$ci obrazu nalezy umieszczaé od strony
zrodta. Ze szczegdlng uwagg nalezy upewnic¢ si¢, ze wymagana
nieostro$¢ geometryczna nie zostala przekroczona. Jesli
wymaganie nieostrosci geometrycznej nie moze by¢ spetnione,
nalezy stosowac technike klasyfikacji przez 1 $cianke. Kiedy
wymagane jest przeswietlenie 100% spoiny, na kazdym ztaczu
nalezy wykona¢ co najmniej dwie ekspozycje pod katem 90°

6.1.3. Backscatter radiation

A lead symbol “B”, with minimum dimensions of 11 mm in
height and 1,5 mm in thickness, shall be in direct contact with
the back of each film holder or cassette during each exposure
to determine if backscatter radiation is exposing the film. The
lead symbol “B” shall be placed in a location so that it would
appear within an area on the radiograph that meets the
requirements of T-282 of ASME V. (ASME V, Atrticle 2,
paragraph T-223)

If a light image of the “B,, appears on a darker background of
the radiograph, protection from backscatter is insufficient and
the radiographic image shall be considered unacceptable. A
dark image of the “B” on a lighter background is not cause for
rejection.

6.2. Radiographic Technique
A single-wall exposure technique shall be used for
radiography whenever practical. When it is not practical to use
asingle-wall technigue, a double-wall technique shall be used.
An adequate number of exposures shall be made to
demonstrate that required coverage has been obtained (ASME
V, Article 2, paragraph T-271).

6.2.1. Single-wall technique
In the single-wall technique, the radiation passes through only
one wall of the weld, which is viewed for acceptance on the
radiograph. (according to ASME V, Article 2, paragraph T-
271.1)

6.2.2. Double wall technique
When it is not practical to use a single-wall technique, one of
the following double-wall techniques shall be used:

Single-wall viewing. For welds in components, a technique
may be used in which the radiation passes through two walls
and only the weld on the film-side wall is viewed for
acceptance on the radiograph. When complete coverage is
required for circumferential welds, a minimum of three
exposures taken 120° to each other shall be made.

Double-wall viewing. For welds in components 89 mm or less
in nominal outside diameter, a technique may be used in which
the radiation passes through two walls and the weld in both
wall is viewed for acceptance on the same radiograph. For
double-wall viewing, only a source side 1QI shall be used.
Care should be exercised to ensure that the required geometric
unsharpness is not exceeded. If the geometric unsharpness
requirement cannot be met, then single-wall viewing shall be
used. When complete coverage is required, a minimum of two
exposures taken 90° to each other shall be made for each joint.
As an alternative a minimum of three exposures 60° or 120°




BADANIA NIENISZCZACE

Procedura nr / Procedure no.

NON-DESTRUCTIVE TESTING NVT/RT/ASME

NAVITEST Ltd.
NDT Laboratory
80-299 Gdansk
Astronomow 5, Poland

Badania radiograficzne zlaczy
spawanych wg
ASME BPVC.V:2023

Wydanie / Revision: 13a

Radiographic examination of welded | pata wydania / Issue date: 05.12.2024

joints acc. to

ASME BPVC.V:2023 Strona / Page

8/47

wzgledem siebie. Alternatywnie mozna na kazdym zlaczu
wykona¢ minimum trzy ekspozycje pod katem 60° lub 120°
wzgledem siebie (ASME V, Artykut 2, paragraf T-271.2).

Nalezy wykona¢ dodatkowe ekspozycje jezeli nie jest mozliwe

uzyskanie pelnego przeswietlenia technikami opisanymi
powyzej.
6.2.3. Technika radiograficzna dla spoin rur

ASME V, Artykut 2, Aneks A przedstawia techniki stosowane w
badaniu radiograficznym spoin rur. Mozna stosowaé inne
techniki tam, gdzie majg zastosowanie.

to each other shall be made for each joint (ASME V, Atrticle
2, paragraph T-271.2).

Additional exposure shall be made if the required radiographic
coverage cannot be obtained using the minimum number of
exposure indicated above.

6.2.3. Radiographic technique for tube welds
ASME V, Article 2, Appendix A illustrates techniques used in
the radiographic examination of tube welds. Other techniques
may be used where appropriate.

Figure A-210-1
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Figure A-210-2
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6.3. Czynnosci zwiazane z badaniem

6.3.1. Przygotowanie powierzchni
Ksztalty spoiny lub nier6wno$ci powierzchni ztagcza powinny
by¢ usunigte ze strony zewnetrznej wewnetrznej (tam, gdzie to
mozliwe) spoiny za pomocg odpowiedniej obrobki tak, aby obraz
nierowno$ci powierzchni nie maskowal lub nie byl mylony z
obrazem jakiejkolwiek niecigglosci na uzyskanym radiogramie
(ASME V, Artykut 2, paragraf T-222.2).

6.3.2.  Kierunek promieniowania
Centralna wigzka promieniowania powinna by¢ ukierunkowana
w $rodek obszaru badanego, jesli to mozliwe (ASME V, Artykut
2, paragraf T-273).

6.3.3. Nieostros¢ geometryczna (ograniczenia)
Zalecane maksymalne wartosci dla nieostrosci geometrycznej sa
okreslone ponizej (ASME V, Artykut 2, paragraf T-274.2):

6.3. Examination related activities

6.3.1.  Surface preparation
The weld ripples or weld surface irregularities on both the
inside (where accessible) and outside shall be removed by any
suitable process to such a degree that the image of surface
irregularities cannot mask or be confused with the image of
any discontinuity on the resulting radiograph. (ASME V,
Article 2, paragraph T-222.2).

6.3.2. Direction of radiation
The direction of the central beam of radiation should be
centered on the area of interest whenever practical (ASME V,
Article 2, paragraph T-273).

6.3.3. Geometric unsharpness limitations
Recommended maximum values for geometric unsharpness
are as follows (ASME V, Article 2, paragraph T-274.2):

Material Thickness, in. (mm)

U, Maximum, in. (mm)

Under 2 (50)

2 through 3 (50-75)

Over 3 through 4 (75-100)
Greater than 4 (100)

0.020 (0.51)
0.030 (0.76)
0.040 (1.02)
0.070 (1.78)

Nieostros¢ geometryczng radiogramu okre$la si¢ zgodnie z:
Ug=(F*d)/D

gdzie:

D = odlegtos¢ od zrédta promieniowania do spoiny lub obiektu
przeswietlanego

d = odleglos¢, od strony zrodlta, od spoiny lub obiektu
przeswietlanego do filmu

F = rozmiar zrodta: maksymalny rzutowany wymiar zrodia
promieniowania (lub efektywnego ogniska) w plaszczyznie
prostopadtej do odlegtosci D od spoiny lub obiektu poddawanego
radiografii

Ug = nieostro$¢ geometryczna

»,D” 1 ,d” nalezy zmierzy¢ w rejonie $rodka obszaru
poddawanemu przeswietleniu.

6.3.4. Energia promieniowania
Energia promieniowania stosowana w jakiejkolwiek technice
radiograficznej powinna spelnia¢ wymagania tej procedury
dotyczace gestosci i wskaznikow jakosci obrazu (ASME V,
Artykut 2, paragraf T-272).

Ogolnie, im nizsza jest energia stosowanego zrodla, tym wyzszy
mozna otrzymaé kontrast, jakkolwiek, inne zmienne, takie jak
geometria i warunki rozpraszania, mogg zmniejsza¢ potencjalne
korzy$ci wigkszego kontrastu. Do uzyskania akceptowalnego
poziomu jakosci przy uzyciu poszczegdlnych  Zrodet
promieniowania , dla poszczegdlnych wartosci energii, zakres

Geometric unsharpness of the radiograph shall be determined
in accordance with:

Ug=(F*d)/D

where

D = distance from source of radiation to weld or object being
radiographed

d = distance from source side of weld or object being
radiographed to the film

F = source size: the maximum projected dimension of the
radiating source (or effective focal spot) in the plane
perpendicular to the distance D from the weld or object being
radiographed

Ug = geometric unsharpness

“D” and “d” shall be determined at the approximate center of
the area of interest.

6.3.4. Radiation energy
The radiation energy employed for any radiographic technique
shall achieve the density and 1QI image requirements of this
procedure (ASME V, Article 2, paragraph T-272).

In general, the lower the energy of the source utilized the
higher the achievable radiographic contrast, however, other
variables such as geometry and scatter conditions may
override the potential advantage of higher contrast. For a
particular energy, a range of thicknesses, which are multiple
of the half value layer, may be radiographed to an acceptable
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przeswietlanej  grubosci  jest wielokrotnoscia  grubosci
polowicznego ostabienia. Ogdlnie, satysfakcjonujace rezultaty
moga by¢ zazwyczaj otrzymane dla energii promieniowania X
pomigdzy 100 kV a 500 kV w zakresie grubosci materiatu
miedzy 2,5 a 10 grubosci potowicznego ostabienia (half value
layers - HVL) (ASME V, Artykut 22, SE-94 paragraf 7).

Energia Grubosé¢ materiatu (stal) [mm]
120 kv 62 <+ 25
150 kv 9 =+ 36
200 kV 127 =+ 51
250 kV 16 + 64
400 kV (Ir 192) 222 + 89

Z powodu wielu czynnikow doktadna wartos¢ energii dla danej
grubosci nie moze zosta¢ ustalona na stale. Energie
promieniowania, dla ktorej warunki ekspozycji b¢da najbardziej
optymalne, nalezy ustali¢ eksperymentalnie, poniewaz w
roznych warunkach te same parametry ekspozycji moga
powodowac rozbiezne warunki koncowe naswietlania. Nalezy
korzysta¢ z pomocy kalkulatorow ekspozycji i innych pomocy.
Niemniej jednak nalezy przestrzegaé wymagan tej procedury
dotyczacych koniecznego do uzyskania odpowiedniego precika

1QI.

6.3.5. Polozenie filmu
Filmy powinny bezposrednio przylega¢ do badanego elementu i
by¢ zorientowane prostopadle do centralnej wiazki
promieniowania jak to tylko mozliwe.

6.3.6. Polozenie wskaznika 1QI

Wskaznik jakoéci obrazu powinien by¢ umiejscowiony na
badanym elemencie od strony zrodta. Kiedy ze wzgledu na uktad
lub rozmiar spoiny nie jest praktyczne umiejscowienie
wskaznika na spoinie, moze on by¢ umieszczony na oddzielnym
bloku. Oddzielny blok musi by¢ wykonany z tego samego lub
podobnego materiatu (radiograficznie) 1 ma umozliwié
umiejscowienie wskaznika jako$ci obrazu. Wskaznik jako$ci
obrazu na oddzielnym bloku powinien by¢ umieszczony
wzglegdem blony nie blizej niz powierzchnia elementu
przeswietlanego znajdujaca si¢ od strony zrodta. Oddzielny blok
powinien zosta¢ umieszczony mozliwie blisko elementu
przeswietlanego.

Jezeli nie ma dostepu do umieszczenia wskaznika jakos$ci obrazu
od strony zrodta, wskaznik powinien by¢ umieszczony od strony
filmu i przylega¢ do badanego elementu. Otowiana litera “F”
powinna by¢ umieszczona w sgsiedztwie lub na wskazniku
jakosci obrazu ale nie powinna zastania¢ wymaganego precika.
Wskaznik jako$ci obrazu powinien zosta¢ umieszczony na
spoinie tak, aby kierunek dtugosci precikow byt prostopadly do
osi wzdluznej spoiny. Nie jest wymagane, aby cata dlugosé¢
precika przechodzita przez spoing na jej calej szerokosci.
Niemniej jednak, wymagany precik musi przechodzié przez ta
czg$¢ spoiny, ktéra reprezentuje grubos$¢ $cianki i nadlewu dla
ktorej wytypowano istotny precik IQI. Nalezy réwniez spetnié

quality level utilizing a particular radiation source. In general,
satisfactory results can normally be obtain for X-ray energies
between 100kV to 500kV in a range between 2,5 to 10 half
value layers (HVL) of material thickness (ASME V, Atrticle
22, SE-94 paragraph 7).

Energy Material thickness (steel) [mm]
120 kV 62 =+ 25
150 kV 9 =+ 36
200 kV 127 + 51
250 kV 16 =+~ 64
400 kV (Ir 192) 222 + 89

Due to several factors, an exact value of energy for a specific
thickness cannot be strictly fixed. Radiation energy best
suitable for the task given needs to be experimentally acquired
since in different conditions the same energy might not
produce desired results. Aids in form of exposure calculators
and such should be utilized. Nonetheless, all of the
requirements of this procedure in relation to the required to
obtain 1QI wire shall be followed.

6.3.5. Film location
Films shall be in direct contact with the part being examined
and perpendicular to the central beam of radiation as close as
possible.

6.3.6. Placement of 1QI

The 1QI shall be placed on the source side of the part being
examined. When, due to weld configuration or size, it is not
practical to place 1QI on the weld, the 1QI may be placed on
separate block. Separate block shall be made of the same or
radiographically similar material and may be used to facilitate
1QI positioning. The IQI on the separate block shall be placed
no closer to the film than the source side of the part being
radiographed. The separate block shall be placed as close as
possible to the part being radiographed.

Where inaccessibility prevents hand placing the 1QI on the
source side, the 1QI shall be placed on the film side in contact
with the part being examined. A lead letter “F” shall be placed
adjacent to or on the 1QI but shall not mask the essential wire
used.

The 1QI shall be placed on the weld so that the length of the
wires are transverse to the longitudinal axis to the weld. It is
not required for the essential wire to span the full width of the
weld. However, the essential wire shall span at least that
portion of the weld representing the nominal single wall
material thickness and reinforcement for which the 10l
essential wire was selected. The density requirements of T-
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wymagania co do gestosci optycznej wg T-292 oraz czutosci wg
T-283 (ASME V).

Opis wskaznika jakosci obrazu oraz, jesli stosowana, litera “F”
nie powinny przebiega¢ bezposrednio w obszarze spoiny, z
wyjatkiem gdy z powodu ukladu geometrycznego jest to
niepraktyczne. (ASME V, Artykut 2, paragraf 277.1)

6.3.7.  Wyznaczenie parametréw ekspozycji
Wymagane elementy wyznaczania parametrow ekspozycji
musza by¢ powigzane z:

— rodzajem materiatu,

— grubos$cia materialu,

— rodzajem blony,

— gestoscia optyczng radiogramu,

— odlegtoscia zrodto-film,

— energia (kV),

— pradem (mA — min.),

— czasem ekspozycji.

Kiedy odczynniki stosowane do wywolywania blon zostajg
zmienione na inng marke, tabela ekspozycji powinna by¢
skorygowana lub stosunek czas-temperatura wywotywarki moze
by¢ dopasowany do tabeli ekspozycji. Calos¢ powinna by¢ §cisle
powiazana z wytycznymi producenta srodkéw chemicznych.

6.3.8. Zasady bezpieczenstwa
Ochrona personelu przed promieniowaniem powinna by¢
realizowana zgodnie z “Instrukcjg zasad bezpieczenstwa” i
lokalnymi przepisami. Personel wykonujacy badania RT jest
odpowiedzialny za zapewnienie odpowiedniego poziomu
bezpieczenstwa 1 praktyk zdrowotnych oraz ustanowienie
kontroli stosowania ograniczen w praktyce.

7. Proces wywolywania blon

W celu obrobki fotochemicznej bton nalezy stosowa¢ procedure
NVT_RT_ASME_FILMPROC.

8. Klasyfikacja radiograméw

8.1. Stanowisko do oceny radiogramow
Udogodnienia podczas ogladania radiograméw powinny
obejmowac przytlumione $wiatlo w tle o intensywnosci, ktora nie
powoduje odblaskéw, cieni lub ostrego $wiatta na radiogramie,
ktore przeszkadzaja w procesie interpretacji. Wyposazenie
stosowane do przegladania radiograméw w celu ich interpretacji
powinno zapewnia¢ rozne zrodla Swiatla odpowiednie dla
wymaganych precikow wskaznika jakosci obrazu w danym
zakresie gesto$ci. Warunki przegladania powinny by¢ takie, zeby
$wiatlo otaczajgce zewnetrzne krawedzie radiogramu lub
pochodzace od fragmentow radiogramu o matlej gestosci nie
przeszkadzato w interpretacji (ASME V, Artykut 2, paragraf T-
234).

8.2. Jakos$¢ radiograméw
Wszystkie radiogramy powinny by¢ wolne od mechanicznych,
chemicznych lub innych skaz w takim stopniu, aby nie
maskowaly one obrazu nieciagtosci lub nie byty z nim mylone w

292 and the sensitivity requirements of T-283 shall also be met
(ASME V).

The IQI identification and, when used, the letter “F”, shall not
be in the area of interest, except when geometric configuration
makes it impractical. (ASME V, Article 2, paragraph 277.1)

6.3.7. Exposure calculations
The essential elements of an exposure calculator must relate
following:

—  material type,

— material thickness,

—  film type,

—  film density,

— source to film distance,

— energy (KV),

— current (milliamperes-minutes),

—  time exposure.
The exposure chart should be corrected when the processing
chemicals are changed to a different manufacturer’s brand or
the time-temperature relationship of the processor may be
adjusted to suit the exposure chart. All to be kept strictly with
the chemical provider’s recommendations.

6.3.8. Safety practices

Personnel protection against radiation shall be done according
to “Safety practices manual” and local regulations. It is the
responsibility of the personnel executing RT examination to
establish appropriate safety and health practices and determine
the applicability of regulatory limitation to use.

7. Film processing
Procedure NVT_RT_ASME_FILMPROC shall be used for
film processing.

8. Evaluation

8.1. Facilities for viewing of radiographs
Viewing facilities shall provide subdued background lighting
of an intensity that will not cause reflections, shadows, or glare
on the radiograph that interfere with the interpretation process.
Equipment used to view radiographs for interpretation shall
provide a variable light source sufficient for the essential 1QI
wire to be visible for the specified density range. The viewing
conditions shall be such that light from around the outer edge
of the radiograph or coming through low-density portions of
the radiograph does not interfere with interpretation (ASME
V, Article 2, paragraph T-234).

8.2. Quality of radiographs
All radiographs shall be free from mechanical, chemical, or
other blemishes to the extent that they do not mask and are not
confused with the image of any discontinuity in the area of
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obszarze prze§wietlanym badanego elementu. Niedoskonatosci
te obejmuja, ale nie ograniczaja si¢ do:
—  zadymienia,
— wady wywolywania takie jak smugi, $lady wody lub
odbarwienia chemiczne,
— rysy, odciski palcow, pofatdowania, zanieczyszczenia,
rozmazania lub rozdarcia,
— falszywe wskazania spowodowane uszkodzonymi
oktadkami.
(ASME V, Artykut 2, paragraf T-281)

8.3. Gestos¢ optyczna radiogramow

Gestos¢ optyczna filmu w miejscu wymaganego precika
wskaznika jako$ci obrazu IQI i obszaru przegladanego powinna
wynosi¢ minimum 1,8 dla pojedynczo przegladanego
radiogramu wykonanego przy pomocy zroédta promieniowania X
oraz 2,0 dla radiograméw  wykonanych  Zrédlem
promieniotworczym. Maksymalna ggsto§¢ powinna wynosic 4,0
dla pojedynczo przegladanych bton. Dopuszcza si¢ odchytki
gestosci 0,05 z uwagi na fluktuacje odczytu densytometru.

Dozwolona wariacja ggstosci optycznej radiogramu w dowolnym
fragmencie obszaru ocenianego nie powinna wahac si¢ wigcej niz
-15% do +30% od ggstosci sasiadujacej z wymaganym precikiem
wskaznika jako$ci obrazu IQI w granicach minimum/maximum
dozwolonego zakresu gestosci. (ASME V, Artykut 2, paragraf T-
282)

8.4. Czulo$¢ badania 1QI
Wymagana czuto$¢ wskaznika jakosci obrazu powinna by¢
sprawdzona zgodnie z ASME V, Artykut 2, Tabela T-276

8.5. Nadmierne promieniowanie rozproszone
Jesli jasny obraz litery “B” pojawi si¢ na ciemniejszym tle
radiogramu, ochrona przed promieniowaniem wstecznym
rozproszonym jest niewystarczajaca i radiogram nalezy uznac za
nieakceptowalny. Ciemny obraz litery “B” na jasniejszym tle nie
stanowi podstawy do odrzucenia radiogramu. (ASME V, Artykut
2, paragraf T-283)

9. Kiryteria akceptacji
Standardy akceptacji / odrzucenia powinny by¢ okre§lone w
specyfikacji produktu i by¢ przedmiotem umowy pomigdzy
producentem i nabywca.

Kryteria akceptacji dla réznych norm/przepiséw sa przywotane
w zatgcznikach

10. Dokumentacja
W raporcie koncowym, jako minimum, musza znalez¢ si¢
ponizsze informacje:
— identyfikacja,
— zwymiarowany plan umiejscowienia znacznikow (jezeli
ma zastosowanie),

interest of the object being radiographed. Such blemishes
include, but are not limited to:
- fogging,
— processing defects such as streaks, watermarks, or
chemical stains,
— scratches, finger marks, crimps, dirtiness, static
marks, smudges, or tears,
— false indication due to defective screens.
(ASME V, Article 2, paragraph T-281)

8.3. Radiographic density

The transmitted film density through the radiographic image
of adjacent to the designated wire of a wire 1QI and the area
of interest shall be 1,8 minimum for single viewing for
radiographs made with an X-ray source and 2,0 minimum for
radiographs made with a gamma ray source. The maximum
density shall be 4,0 for single viewing. A tolerance of 0,05 in
density is allowed for variations between densitometer
readings

The density of the radiograph anywhere through the area of
interest varies shall be minus 15% or plus 30% from the
density through adjacent to the designated wire of a wire 1Ql,
within minimum/maximum allowable density ranges. (ASME
V, Atrticle 2, paragraph T-282)

8.4. 1QI Sensitivity
Required 1QI sensitivity shall be checked according to ASME
V, Article 2, Table T-276

8.5. Excessive backscatter
If a light image of the “B”, appears on a darker background of
the radiograph, protection from backscatter is insufficient and
the radiograph shall be considered unacceptable. A dark image
of the “B” on a lighter background is not cause for rejection.
(ASME V, Article 2, paragraph T-283)

9. Acceptance standards
Designation of accept/reject standards is recognized to be
within the cognizance of product specifications and generally
a matter of contractual agreement between producer and
purchaser.

Acceptance criteria for different standards/codes are given in
Appendixes.

10. Documentation
At final report, as a minimum, the following information shall
be provided:
— identification,
— the dimensional map (if used) of marker placement,
— number of exposures,
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—  ilo$¢ ekspozycii,

— napiecie zrédta promieniowania X lub uzyty izotop
promieniotworczy,

—  rozmiar zrodia,

— rodzaj oraz grubo$¢ materiatu podstawowego i grubo$é
spoiny,

— odlegto$¢ zrodto-obiekt badany,

— odlegto$¢ powierzchni elementu od strony zrodia od
filmu,

— producent filmow i typ/oznaczenie producenta,

— ilo$¢ filmow w kazdej kasecie,

— ekspozycja przez jedng lub dwie $cianki,

— klasyfikacja jednej lub dwoch $cianek,

— lista umiejscowienia kazdego z radiogramow,

— ocena i rozmieszczenie materialow i spoin badanych,

— identyfikacja (nazwa) przedstawiciela producenta, ktory
przeprowadza koncowa akceptacj¢ radiogramow,
data oceny producenta.

(ASME V, Artykut 2, paragrafy T-291, T-292)

11. Zalaczniki

Zatacznik 1: Kryteria akceptacji wedtug ASME BPVC.I-
2023

Zatacznik 2: Kryteria akceptacji wedtug ASME
BPVC.VIII.1-2023

Zatacznik 3: Kryteria akceptacji wedlug ASME BPVC.IX-
2023

Zalacznik 4: Kryteria akceptacji wedtug ASME B31.1-2022

Zatacznik 5: Kryteria akceptacji wedtug ASME B31.3-2022

Zatacznik 6: Kryteria akceptacji wedlug ASME B31.12-
2023

Zatacznik 7: Kryteria akceptacji wedlug ASME B31.12-
2023 (API 1104 wydanie 22-gie)

12. Uwagi do rewizji
W odniesieniu do poprzedniej wersji (gtowne zmiany):
— Zrewidowano w cato$ci

—  X-ray voltage or isotope type used

— source size,

— base material type and thickness, weld thickness

—  source-to-object distance,

— distance from source side of object to film,

— film manufacturer and Manufacturer’s
type/designation,

— number of film in each film holder/cassette,

— single or double-wall exposure,

— single or double-wall viewing,

— alisting of each radiograph location,

— evaluation and disposition of the material or weld
examined,

— identification (name) of the Manufacturer’s
representative who performed the final acceptance of
the radiographs,
date of Manufacturer’s evaluation.

(ASME V, Article 2, paragraphs T-291, T-292)

11. Appendixes

Appendix 1: Acceptance criteria acc. to ASME BPVC.I-
2023

Appendix 2: Acceptance criteria acc. to ASME
BPVC.VIII.1-2023

Appendix 3: Acceptance criteria acc. to ASME
BPVC.1X-2023

Appendix 4: Acceptance criteria acc. to ASME B31.1-
2022

Appendix 5: Acceptance criteria acc. to ASME B31.3-
2022

Appendix 6: Acceptance criteria acc. to ASME
B31.12:2023

Appendix 7 Acceptance criteria acc. to ASME
B31.12:2023 (API 1104 22°nd edition)

12. Remarks to revision
In relation to the previous version (major changes):
— Revised in its entirety
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Appendix 1
Acceptance criteria according to ASME BPVC.1-2023
Terminology:

A-250.2.1 Rounded Indications. Indications with a maximum length of three times the width or less on the radiograph are defined
as rounded indications. These indications may be circular, elliptical, conical, or irregular in shape and may have tails. When
evaluating the size of an indication, the tail shall be included. The indication may be from any imperfection in the weld, such as
porosity, slag, or tungsten.

A-250.2.2 Aligned Indications. A sequence of four or more rounded indications shall be considered to be aligned when they touch
a line parallel to the length of the weld drawn through the center of the two outer rounded indications.

A-250.2.3 Thickness t. t is the thickness of the weld, excluding any allowable reinforcement. For a butt weld joining two parts having
different thicknesses at the weld, t is the thinner of these two thicknesses. If a full penetration weld includes a fillet weld, the thickness
of the fillet weld throat shall be included in t.

Designation of reject standards is recognized according ASME Section | paragraph PW-51.:
Indications shown on the radiographs of welds and characterized as imperfections are unacceptable under the following conditions:
1. any indication characterized as a crack or zone of incomplete fusion or penetration

2. any other elongated indication on the radiograph which has length greater than:

maximum allowed material thickness
length [mm] [mm]
6 t<19
1/3t 19<t<57
19 t>57

where t - the thickness of the weld excluding any allowable reinforcement. For a butt weld joining two members having different thicknesses at the weld, t is the
thinner of these two thicknesses.

3. any group of aligned indications that have an aggregate length greater than t in a length of 12t, except when the distance
between the successive imperfections exceeds 6L where L is the length of the longest imperfection in the group

4. rounded indications in excess of that specified by the acceptance standards given in ASME Section | paragraph A-250

4.1. Relevant indications (see Table A-250.3.2 for examples). Only those rounded indications which exceed the following
dimensions shall be considered relevant

Only those rounded indications which exceed the following dimensions shall be considered relevant:

maximum allowed material thickness
length [mm] [mm]
1/10t t<3
0.4 3<t<6
0.8 6<t<50
15 t>50
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Table A-250.3.2

Maximum Permissible Size of Rounded Indication

(Examples Only)

51 Units
Maximum Size of Maximum
Acceptable Size of
Rounded Nonrevelant
Indication, mm Indication,
Thickness ¢, mm Random Isolated mm
Less than 3 Lt Lar Yot
3 0.79 1.07 0.38
5 1.19 1.60 0.38
6 1.60 2.11 0.38
8 1.98 2.64 0.79
10 2.31 3.18 0.79
11 277 3.71 0.79
13 3.18 427 0.79
14 3.61 4,78 0.79
16 3.96 5.33 0.79
17 3.96 5.84 0.79
19 to 50 incl. 3.96 6.35 0.79
Over 50 3.96 9.53 1.60

4.2. Maximum size of rounded indication.
The maximum permissible size of any indication shall be:

a) 1/4t or 4 mm, whichever is smaller; except that an isolated indication separated from an adjacent indication by 25 mm or

more may be 1/3t or 6 mm, whichever is less.

b) For t greater than 50 mm the maximum permissible size of an isolated indication shall be increased to 10 mm.

4.3. Aligned rounded indications

Aligned rounded indications are acceptable when the summation of the diameters of the indications is less than t in a length of 12t
(see Figure A-250.3.4-1). The length of groups of aligned rounded indications and the spacing between the groups shall meet the

requirements of Figure A-250.3.4-2.

Figure A-250.3.4-1

Aligned Rounded Indications

b =

® S

N

L

GENERAL NOTE: Sum of Ly to L, shall be less than ¢ in a length of 12t

Figure A-250.3.4-2

Groups of Aligned Rounded Indications

| aL

3

3
-

|
3L, | L

® ~
.
®

®

Maximum Group Length
L=T/4in. (6 mm} for tless than 3/ in. (19 mm)

L ="y tfor t3/4in. (19 mm) to 21y in. (57 mm)
L =3/4in. (19 mm) for t greater than 21/4 in. (57 mm}

GENERAL NOTE: Sum of the group lengths shall be less than t in a length of 12t

4.4. Spacing

Minimum Group Spacing

3L where L is the length of the
longest adjacent group being
evaluated.

The distance between adjacent rounded indications is not a factor in determining acceptance or rejection, except as required for

isolated indications or groups of aligned indications.
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4.5. Weld thickness t less than 1/8 in. (3 mm)
For t less than 3 mm, the maximum number of rounded indications shall not exceed 12 in a 150 mm length of weld. A proportionally

fewer number of indications shall be permitted in welds less than 150 mm in length.

4.6. Clustered Indications
The length of an acceptable cluster shall not exceed the lesser of 25 mm or 2t. Where more than one cluster is present, the sum of the

lengths of the clusters shall not exceed 25 mm in a 150 mm length of weld.

Figure A-250.3.6-1
Charts for t %, in. {3 mm) to Y, in. {6 mm), Inclusive

[a) Random Rounded Indications [Note {1]]

TED
-
.
i

il

. "
.®

.
-

.

* .
-':
e
l'll"
b e
T
-

[}
j2l,
-
W

|<-1in. (25 mm) | |=1in. (25 mm)—

[b) Isolated Indication [Mote (2] (e] Cluster

NOTES:
(1) Typical concentration and size permitted in any & in. [150 mm] length of weld.

(2] Maximum size per Table A-250.3.2,

Figure A-250.3.6-2
Charts for t Over ¥, in. {6 mm) to 3, in. (10 mm), Inclusive

. . . . L ™ * L . . -
‘.I L] I'. - L] - L] . * -.‘ : '- . . [ ] * *
* aa ', : o a” " . * . - ‘.. ] e o

- [ L T T
- ' - " ud
¢ o e rdiiee
.o el SRR TN
< Tin. (25 mm}—=| |<1in. (25 mm] =
(b} Isolated Indication [Note (2}] (e} Cluster

NOTES:
(1) Typical concentration and size permitted in any & in. [150 mm] length of weld.
(2] Minimum size per Table A-250.3.2,
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Figure A-250.3.6-3
Charts for t Over %, in. (10 mm) to % in. {19 mm), Inclusive
* . .
.
I’. -t . * ..4"1 - 1. b - . . . . "‘ '.
L » - o ) " » - = a.. - . . L
> - u W - -'!. - - ‘. .i."_* . » . & l.‘
L] L L]
lal Random Rounded Indications [Note [11]
[ L] . -t 8 e
et . o el
. ', . ' e s .--‘"::“ *
- L ] Vg o * =% 4 *
=1 in. (25 mm:'—!-| |-l—1in.125 mrn]—t-l
[b] lsolated Indication [Mote (21] [e) Cluster
NOTES:
(1) Typical concentration and size permitted in any & in. (150 mm) length of weld,
(2) Minimum size per Table A-250.3.2,
Figure A-250.3.6-4
Charts for t Over %, in. (19 mm) to 2 in. {50 mm), Inclusive
- LI . - . R - - . - s . . . . .
., - M ™ i - . - P L ] ‘ -
' s+ , 7 - LS S . ae® 8% Wt . ' .
& " ? .. '.. a* . * . r'l.. -‘ L] : ' .
. * . ™ L * - ¢ * - . = - ' * ‘ L
lal Random Rounded Indications [Note [1]]
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l:'. . ".- . i.“"l
. '. & L] . .'l' L
. . #
|-<—1 in. (25 mm:'—r-l |+1in.125 mrn]—)-l
(b} Isolated Indication [Mote (2] [e} Cluster
NOTES:

(1) Typical concentration and size permitted in any & in. (150 mm) length of weld,
(2) Minimum size per Table A-250.3.2,
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Figure A-250.3.6-5
Charts for £ Over 2 in. (50 mm) to 4 in. (100 mm), Inclusive
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[al Random Rounded Indications [Note [1]]
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b} Isolated Indication [Note (2]]

NOTES:
[1) Typical concentration and size permitted in any 6 in. (150 mm) length of weld.
[2) Minimum size per Table A-250.3.2,

[e) Cluster
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Figure A-250.3.6-6
Charts for t Over 4 in. (100 mm)
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lal Random Rounded Indications [Mote [1]]
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[b] lsolated Indication [Note (21] le} Cluster
NOTES:

(1) Typical concentration and size permitted in any & in. (150 mm]) length of weld,
(2) Minimum size per Table A-250.3.2,
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Appendix 2

Acceptance criteria according to ASME BPVC.VII1.1-2023

4-2 Terminology:

(@) Rounded Indications. Indications with a maximum length of three times the width or less on the radiograph are defined as
rounded indications. These indications may be circular, elliptical, conical, or irregular in shape and may have tails. When
evaluating the size of an indication, the tail shall be included. The indication may be from any imperfection in the weld,
such as porosity, slag, or tungsten.

(b) Aligned Indications. A sequence of four or more rounded indications shall be considered to be aligned when they touch a
line parallel to the length of the weld drawn through the center of the two outer rounded indications.

(c) Thickness t. tis the thickness of the weld, excluding any allowable reinforcement. For a butt weld joining two members
having different thicknesses at the weld, t is the thinner of these two thicknesses. If a full penetration weld includes a fillet
weld, the thickness of the throat of the fillet shall be included in t.

l. According to UW-51 (100% radiography of a weld)
Indications revealed by radiography within a weld that exceed the following criteria are unacceptable:
1) any indication characterized as a crack or zone of incomplete fusion or penetration

2) any other elongated indication on the radiograph which has length greater than:

maximum allowed material thickness
length [mm] [mm]
6 t<19
1/3t 19<t<57
19 t>57

t = the thickness of the weld excluding any allowable reinforcement. For a butt weld joining two members having different thicknesses at the weld, t is the thinner of
these two thicknesses. If a full penetration weld includes a fillet weld, the thickness of the throat of the fillet shall be included in t.

3) any group of aligned indications that have an aggregate length greater than t in a length of 12t , except when the distance
between the successive imperfections exceeds 6L where L is the length of the longest imperfection in the group

4) rounded indications in excess of that specified by the acceptance standards given in Mandatory Appendix 4 of ASME
BPVC.VIII.1-2023

4.1. Relevant indications (See Table 4-1 for examples). Only those rounded indications which exceed the following dimensions
shall be considered relevant.

maximum allowed material thickness
length [mm] [mm]
1/10t t<3
0.4 3<t<6
0.8 6<t<50
15 t>50

4.2. Maximum size of rounded indication (see Table 4-1 for examples)
The maximum permissible size of any indication shall be:
a) 1/4t or 4 mm, whichever is smaller; except that an isolated indication separated from an adjacent indication by 25 mm or
more may be 1/3t or 6 mm, whichever is less
b) For t greater than 50 mm the maximum permissible size of an isolated indication shall be increased to 10 mm
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Table 4-1
51 Units
Maximum Size of
Acceptable Rounded Maximum Size of
Indication, mm Nonrelevant
Thickness, £, mm Random Isolated Indication, mm

Less than 3 1]{4. t 17‘3 t Yo t

3 0.79 1.07 0.38

5 1.19 1.60 0.38

6 1.60 2.11 0.38

8 1.98 2.64 0.79

10 2.31 3.18 0.79

11 2.97 3.71 0.79

13 3.18 4,27 0.79

14 3.61 478 0.79

16 3.96 5.33 0.79

17 3.96 5.84 0.79

19.0 to 50, incl. 3.96 6.35 0.79

Over 50 3.96 9.53 1.60

GENERAL NOTE: This Table contains examples only.

4.3. Aligned rounded indications
Aligned rounded indications are acceptable when the summation of the diameters of the indications is less than t in a length of 12t
(see Figure 4-1). The length of groups of aligned rounded indications and the spacing between the groups shall meet the requirements
of Figure 4-2.

Figure 4-1
Aligned Rounded Indications

§ ., . . » ; a‘_F {
R A

Ly

—

GENERAL NOTE: Sum of L to L, shall be less than t in a length of 12¢.
Figure 4-2
Groups of Aligned Rounded Indications

P s — 1 | | e ?
} e -je s 4 > (
Maximum Group Length Minimum Group Spacing
L = T/gin. (6 mm) for tless than 3/4 in. (19 mm) 3L where L is the length of the
L = Y3t for t3/4in. (19 mm) to 2V, in. (57 mm) longest adjacent group being
= 34 in. (19 mm) for t greater than 27/4 in. (57 mm) evaluated

GENERAL NOTE: Sum of the group lengths shall be less than t in a length of 12¢.

4.4. Spacing
The distance between adjacent rounded indications is not a factor in determining acceptance or rejection, except as required for
isolated indications or groups of aligned indications.
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4.5. Rounded indication charts
The rounded indications characterized as imperfections shall not exceed that shown in the charts. The charts in Figures 4-3 through
4-8 illustrate various types of assorted, randomly dispersed and clustered rounded indications for different weld thicknesses greater
than 3 mm. These charts represent the maximum acceptable concentration limits for rounded indications. The charts for each
thickness range represent full-scale 150 mm radiographs, and shall not be enlarged or reduced. The distributions shown are not
necessarily the patterns that may appear on the radiograph, but are typical of the concentration and size of indications permitted.

4.6. Weld thickness t less than 1/8 in. (3 mm)
For t less than 3 mm, the maximum number of rounded indications shall not exceed 12 in a 150 mm length of weld. A proportionally
fewer number of indications shall be permitted in welds less than 150 mm in length.

4.7. Clustered Indications
The illustrations for clustered indications show up to four times as many indications in a local area, as that shown in the illustrations
for random indications. The length of an acceptable cluster shall not exceed the lesser of 25 mm or 2t. Where more than one cluster
is present, the sum of the lengths of the clusters shall not exceed 25 mm in a 150 mm length weld.

1. According UW-52 (spot radiography)
The acceptability of welds examined by spot radiography shall be judged by the following standards:
1) Welds in which indications are characterized as cracks or zones of incomplete fusion or penetration shall be unacceptable

2) Welds having indications characterized as slag inclusions or cavities are:
a) unacceptable when the indication length exceeds 2/3t

t = the thickness of the weld excluding any allowable reinforcement. For a butt weld joining two members having different thicknesses at the weld, t is the thinner of
these two thicknesses. If a full penetration weld includes a fillet weld, the thickness of the throat of the fillet shall be included in t.

b) for all thicknesses, indications less than 6 mm are acceptable, and indications greater than 19 mm are unacceptable

c) multiple aligned indications meeting these acceptance criteria are acceptable when the sum of their longest dimensions
indications does not exceed t within a length of 6t (or proportionally for radiographs shorter than 6t), and when the longest
length L for each indication is separated by a distance not less than 3L from adjacent indications.

3) Rounded indications are not a factor in the acceptability of welds not required to be fully radiographed

Spot radiography extension for defective welds
When a spot, radiographed is acceptable, the entire weld increment represented by this radiograph is acceptable.

When a spot, radiographed has been examined and the radiograph discloses welding which does not comply with the minimum
quality requirements, two additional spots shall be radiographically examined in the same weld increment at locations away from
the original spot. The locations of these additional spots shall be determined by the Inspector or fabricator as provided for the original
spot examination. If the two additional spots examined show welding which meets the minimum quality requirements, the entire
weld increment represented by the three radiographs is acceptable provided the defects disclosed by the first of the three radiographs
are removed and the area repaired by welding. The weld repaired area shall be radiographically examined in accordance with the
foregoing requirements of UW-52.

If either of the two additional spots examined shows welding which does not comply with the minimum quality requirements, the
entire increment of weld represented shall be rejected. The entire rejected weld shall be removed and the joint shall be rewelded
or, at the fabricator’s option, the entire increment of weld represented shall be completely radiographed and only defects need be
corrected.
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Figure 4-3
Charts for t Equal to %; in. to 7, in. (3 mm to 6 mm), Inclusive
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1in. (25 mm)

‘ 1in. {25 mm) ‘
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(b) Isolated Indication [See Note (2)]

NOTES:
(1) Typical concentration and size permitted in any 6 in. (150 mm] length of weld.
(2) Maximum size per Table 4-1.

(c) Cluster

Figure 4-4
Charts for t Over ¥, in. to % in. (6 mm to 10 mm), Inclusive
R . R \ . . . R
.- < - '. X o . ¥ = : * # f . : )
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(a) Random Rounded Indications [See Note (1)]
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. G fop N S ‘p“\,"r‘a'.'
1in. (25 mm) 1in. (25 mm) ‘
(b) Isolated Indication [See Note (2)] (c) Cluster
NOTES:

(1) Typical concentration and size permitted in any 6 in. (150 mm) length of weld.
(2) Maximum size per Table 4-1.
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Figure 4-5
Charts for t Over ¥; in. to ¥, in. (10 mm to 19 mm), Inclusive
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{a) Random Rounded Indications [See Note (1)]
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1in. (256 mm) ‘ ‘ 1in. (25 mm)
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(b) Isolated Indication [See Note (2)] (c) Cluster
NOTES:
(1) Typical concentration and size permitted in any 6 in. (150 mm]) length of weld.
(2) Maximum size per Table 4-1.
Figure 4-6
Charts for t Over ¥, in. to 2 in. (19 mm to 50 mm), Inclusive
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(a) Random Rounded Indications [See Note (1]
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(b) Isolated Indication [See Note (2] (¢) Cluster
NOTES:

(1) Typical concentration and size permitted in any 6 in. (150 mm]) length of weld.
(2) Maximum size per Table 4-1.
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Figure 4-7
Charts for t Over 2 in. to 4 in. (50 mm to 100 mm), Inclusive
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» ¥ ® N » ’ v . s " ’
L] N P L ' . PY , "
N N W . * » N . et L
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(a) Random Rounded Indications [See Note (1]]
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N - . . t .
v ¥ 4 (P
- N » s * & DR -
* ] * v ! ' B ’ f; R ;
[ J 4 . " ’ . ' .
. - - .
‘ 1in. {256 mm) 1in. (25 mm)
(b) Isolated Indication [See Note (2)] (] Cluster
NOTES:
(1) Typical concentration and size permitted in any 6 in. (150 mm) length of weld.
(2) Maximum size per Table 4-1.
Figure 4-8
Charts for t Over 4 in. (100 mm)
‘ ] .
. , » ” ] 14 ¢ » & »
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({a) Random Rounded Indications [See Note (1)]
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r s ’. >0
. , * /7 . e .
’ s . [ ’. -
[ [
. L [ A
[ . [
1in. (25 mm) ‘ ‘ 1in. (25 mm)
I I I 1
(b} Isolated Indication [See Note (2]] (e) Cluster
NOTES:

[1) Typical concentration and size permitted in any 6 in. (150 mm) length of weld.
(2) Maximum size per Table 4-1.
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Appendix 3

Acceptance criteria according to ASME BPVC.1X-2023

QW-191.1.2.1 Terminology

(@) Linear Indications. Cracks, incomplete fusion, inadequate penetration, and slag are represented on the radiograph as linear
indications in which the length is more than three times the width.

(b) Rounded Indications. Porosity and inclusions such as slag or tungsten are represented on the radiograph as rounded
indications with a length three times the width or less. These indications may be circular, elliptical, or irregular in shape;
may have tails; and may vary in density.

(c) Thickness. The term “thickness” or “t” refers to the thickness of the weld excluding any allowable reinforcement. For a
groove weld joining two base metals having different thicknesses at the weld, thickness is the thinner of the two base metals
being joined.

Welder and welding operator performance tests by radiography of welds in test assemblies shall be judged unacceptable when the
radiograph exhibits any imperfections in excess of the limits specified below:

. Linear Indications

1) any type of crack or zone of incomplete fusion or penetration are unacceptable

2) any elongated slag inclusion is unacceptable, which has a length greater than:

maximum allowed material thickness
length [mm] [mm]
3 t<10
1/3t 10<t<57
19 t>57

3) any group of slag inclusions in line that have an aggregate length greater than t in a length of 12t, except when the distance
between the successive imperfections exceeds 6L is unacceptable

L is the length of the longest imperfection in the group

1. Rounded Indications:
1) Relevant indications. Only those rounded indications which exceed the following dimensions shall be considered

relevant.
maximum allowed material thickness
length [mm] [mm]
1/10 t t<3
0.4 3<t<6
0.8 6<t<50
15 t>50

2) Maximum size of rounded indications

a) the maximum permissible dimension for rounded indications shall be 20% of t or 3 mm, whichever is smaller

b) for welds in material less than 3 mm in thickness, the maximum number of acceptable rounded indications shall not exceed
12 in a 150 mm length of weld. A proportionately fewer number of rounded indications shall be permitted in welds less than
150 mm in length

c) for welds in material 3 mm or greater in thickness, the charts Figure QW-191.1.2.2(b)(4) represent the maximum acceptable
types of rounded indications illustrated in typically clustered, assorted, and randomly dispersed configurations
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Figure QW-191.1.2.2(b)}{(4)
Rounded Indication Charts

Typical Quantity and Size Permitted
in 6 in. (150 mm) Length of Weld
g in. (3 mm) to Vg in. (6 mm)
Thickness

Typical Quantity and Size Permitted
in 6 in. (150 mm) Length of Weld
Over 14 in. (6 mm) to 1/5 in. (13 mm)
Thickness

Typical Quantity and Size Permitted
in & in. (150 mm) Length of Weld
Over 1/ in. (13 mm) to 1 in. (25 mm)
Thickness

Typical Quantity and Size Permitted
in 6 in. (150 mm) Length of Weld
Over 1 in. (25 mm) Thickness
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Appendix 4

Acceptance criteria according to ASME B31.1-2022

Welds that are shown by radiography to have any of the following types of discontinuities are unacceptable:
1) any type of crack or zone of incomplete fusion or penetration are unacceptable

2) any other elongated indication that has a length greater than (are unacceptable):

maximum allowed material thickness
length [mm] [mm]
6 t<19
1/3t 19 <t<57
19 t>57

t is the thickness of the thinner portion of the weld. If a weld joins two members having different thickness at the weld, t is the thinner of these two thicknesses

3) any group of indications in line that have an aggregate length greater than t in a length of 12t, except where the distance
between the successive indications exceeds 6L where L is the longest indication in the group

4) porosity in excess of that shown as acceptable in ASME BPVC, Section I, Nonmandatory Appendix A, A-250

4.1. Relevant indications (see Table A-250.3.2 for examples). Only those rounded indications which exceed the following
dimensions shall be considered relevant

Only those rounded indications which exceed the following dimensions shall be considered relevant:

maximum allowed material thickness
length [mm] [mm]
1/10t t<3
0.4 3<t<6
0.8 6<t<50
15 t>50

4.2. Maximum size of rounded indication.
The maximum permissible size of any indication shall be:
a) a) 1/4t or 4 mm, whichever is smaller; except that an isolated indication separated from an adjacent indication by 25 mm or
more may be 1/3t or 6 mm, whichever is less.
b) b) For t greater than 50 mm the maximum permissible size of an isolated indication shall be increased to 10 mm.

4.3. Aligned rounded indications
Aligned rounded indications are acceptable when the summation of the diameters of the indications is less than t in a length of 12t
(see Figure A-250.3.4-1). The length of groups of aligned rounded indications and the spacing between the groups shall meet the
requirements of Figure A-250.3.4-2.

4.4. Spacing
The distance between adjacent rounded indications is not a factor in determining acceptance or rejection, except as required for
isolated indications or groups of aligned indications.

4.5. Weld thickness t less than 1/8 in. (3 mm)
For t less than 3 mm, the maximum number of rounded indications shall not exceed 12 in a 150 mm length of weld. A proportionally
fewer number of indications shall be permitted in welds less than 150 mm in length.

4.6. Clustered Indications
The length of an acceptable cluster shall not exceed the lesser of 25 mm or 2t. Where more than one cluster is present, the sum of the
lengths of the clusters shall not exceed 25 mm in a 150 mm length of weld.
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5) for circumferential groove welds, undercutting adjacent to the cover pass (EU) or undercutting adjacent to the root pass

(1U) shall be considered unacceptable should either of the following conditions exist:

a) the aggregate length of EU and IU, in any combination, in any continuous 300 mm length of weld exceeds 50 mm

b) the aggregate length of EU and IU, in any combination, exceeds 1/6 of the weld length

(EU) — external undercut
(IU) — internal undercut

6) undercut on the outside (O.D) or inside (1.D.) surface of longitudinal butt welds is unacceptable

(0.D.) — outside diameter
(1.D.) — internal diameter

7) root concavity is unacceptable when the density or brightness of the root image is darker than the density through the

adjacent base metal

Table A-250.3.2

Maximum Permissible Size of Rounded Indication

(Examples Only)

SI Units
Maximum Size of Maximum
Acceptable Size of
Rounded Nonrevelant
Indication, mm Indication,
Thickness t, mm Random Isolated mm
Less than 3 Yt Lt Yot
3 0.79 107 0.38
5 1.19 1.60 0.38
6 1.60 2.11 0.38
8 1.98 2.64 0.79
10 2.31 3.18 0.79
11 297 3.71 0.79
13 3.18 4,27 0.79
14 3.61 4.78 0.79
16 3.96 5.33 0.79
17 3.96 5.84 0.79
19 to 50 incl. 3.96 6.35 0.79
Over 50 3.96 9.53 1.60

Figure A-250.3.4-1
Aligned Rounded Indications

o =

NV

x

L

GENERAL NOTE: Sum of L to L, shall be less than ¢ in a length of 12t
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Figure A-250.3.4-2

Groups of Aligned Rounded Indications

N T -
e age Y v A.
» v *@ &

Maximum Group Length

L=T/in. 6 mm) for tless than 3/4 in. (19 mm)

L =15 tfor t3/4in. (19 mm) to 21/4in. (57 mm)

L =3/4in. (19 mm) for t greater than 21/4 in. (57 mm}

GENERAL NOTE: Sum of the group lengths shall be less than t in a length of 12t

Minimum Group Spacing

3L where L is the length of the
longest adjacent group being
evaluated.
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Figure A-250.3.6-1
Charts for t %, in. {3 mm) to Y, in. (6 mm), Inclusive
- L L] . . L - - ™ - & ' » »
' L - - - * ' '-‘.' . . *. . .r
& “s = - L "‘_‘ - @ . - "8
(a) Random Rounded Indications [Note (1]]
5- - . - L et o } é . ::_;:;’..:. }
- L L] - - - . li.." =
* % e =
|- 1in. (25 mm) | |<1in. (25 mm)—
(b} Isolated Indication [MNote (2)] (e] Cluster
NOTES:
(1) Typical concentration and size permitted in any & in. (150 mm] length of weld.
(2] Maximum size per Table A-250.3.2.
Figure A-250.3.6-2
Charts for t Over ¥, in. {6 mm) to %, in. {10 mm), Inclusive
. - » W . ™ . L . . -
te, . »" . * . s B " -. . ! ‘. . : . . -
* e . : . w " . " * - ‘. . & ] * 8
{a) Random Rounded Indications [Note (1]
- ‘e - .-'- ‘%t
S ¢ o o *atec® *
L - - . “ty wg "a
- . L] "o &
< 1in (25 mm) | |<1in. (25 mm) >
(b} Isolated Indication [Note (2] (e} Cluster

NOTES:
(1) Typical concentration and size permitted in any & in. (150 mm] length of weld.
(2] Minimum size per Table A-250.3.2,
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Figure A-250.3.6-3
Charts for t Over % in. (10 mm) to % in. (19 mm), Inclusive
* . . 0 '
. . . .
' ." ....i'|.- -‘.': y .. . = " ) . ’ " L -" .
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L
lal Random Rounded Indications [Note [11]
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=1 in. (25 mm:'—!-| |-l—1in.125 mrn]—t-l
[b] Isolated Indication [Mote 121] [e) Cluster
NOTES:

(1) Typical concentration and size permitted in any & in. (150 mm) length of weld.
(2) Minimum size per Table A-250.3.2,

Figure A-250.3.6-4
Charts for t Over %, in. (19 mm) te 2 in. (50 mm), Inclusive
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lal Random Rounded Indications [Note [1)]
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. .
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(b} Isolated Indication [Mote [2/] [e} Cluster
NOTES:

(1) Typical concentration and size permitted in any & in. (150 mm) length of weld.
(2) Minimum size per Table A-250.3.2,




ACCEPTANCE CRITERIA
NAVITEST Ltd.
NDT Laboratory

80-299 Gdansk

Astronoméw 5, Poland

KRYTERIA AKCEPTACJI

Dokument nr / Procedure no.

NVT/RT/ASME — Appendices

Woydanie / Revision: 13a
Data wydania / Issue date: 05.12.2024

Strona / Page

341747
Figure A-250.3.6-5
Charts for £ Over 2 in. (50 mm) to 4 in. {100 mm), Inclusive
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[al Random Rounded Indications [Note [1]]
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b} Isolated Indication [Note (2]]

NOTES:
[1) Typical concentration and size permitted in any 6 in. (150 mm] length of weld.
[2) Minimum size per Table A-250.3.2.

[e) Cluster
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Figure A-250.3.6-6
Charts for t Over 4 in. (100 mm)
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[b] lsolated Indication [Mote (21] {el Cluster
NOTES:

(1) Typical concentration and size permitted in any & in. (150 mm]) length of weld,
(2) Minimum size per Table A-250.3.2,
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Appendix 5
Acceptance criteria according to ASME B31.3-2022

Table K341.3.2 Acceptance Criteria for Welds

Criteria (A-F) for Types of Welds, and for Required Examination Methods [Note (1)]

Methods Type of Weld
Ultrasonics Longitudinal Branch

Type of or Girth Groove Fillet Connection

Imperfection Visual Radiography Groove [Note (2)] [Note (3)] [Note (4)]
Crack v v A A A A
Lack of fusion v v A A A A
Incomplete penetration v v A A A A
Internal porosity v B B N/A B
Linear indication v C C N/A C
Undercutting v v A A A A
Surface porosity or exposed slag inclusion v A A A A
Concave root surface (suck-up) v v D D N/A D
Surface finish v E E E E
Reinforcement or internal protrusion v F F F F

GENERAL NOTES:

(a) Weld imperfections are evaluated by one or more of the types of examination methods given, as specified in paras. K341.4.1 and K341.4.2.

(b) “N/A” indicates this Chapter does not establish acceptance criteria or does not require evaluation of this kind of imperfection for this type of
weld.

(c) Check (v) indicates examination method generally used for evaluating this kind of weld imperfection.

(d) Ellipsis (...) indicates examination method not generally used for evaluating this kind of weld imperfection.

(e) Symbols A through F are explained in the table on the next page.

NOTES:

(1) Criteria given are for required examination. More-stringent criteria may be specified in the engineering design.

(2) Longitudinal welds include only those permitted in paras. K302.3.4 and K305. The criteria shall be met by all welds, including those made in
accordance with a standard listed in Table K326.1 or in Appendix K.

(3) Fillet welds include only those permitted in para. K311.2.2.

(4) Branch connection welds include only those permitted in para. K328.5.4.
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Criterion Value Notes for Table K341.3.2

Criterion
Symbol Measure Acceptable Value Limits [Note (1)]
A Extent of imperfection Zero (no evident imperfection)
B Size and distribution of internal porosity See ASME BPVC, Section VIII, Division 1, Appendix 4
C Internal slag inclusion, tungsten inclusion, or

linear indication. Indications are
unacceptable if the amplitude exceeds the
reference level, or indications have lengths
that exceed

Individual length [Note (2)] 6 mm (Y% in.) for T, < 19mm (% in)
T,,/3 for 19 mm (%, in) < T, < 57mm (2%, in)
19 mm (% in) for T, > 57mm (2% in)

Cumulative length gfw in any 12 Tu weld length
D Depth of root surface concavity Wall Thickness, Depth of Surface
T,,, mm (in.) Concavity, mm (in.)
<13 (%) <15 (Yig)
>13 (%) and <51 (2) <3 (%)
>51 (2) <4 (%)
and total joint thickness including weld reinforcement >T,,
E Surface roughness <12.5 pm (500 pin.) R, (see ASME B46.1 for definition of roughness
average, R,)
F Height of reinforcement or internal protrusion Wall Thickness, External Weld Reinforcement
[Note (3)] in any plane through the weld shall T,,, mm (in.) or Internal Weld Protrusion, mm (in.)

be within the limits of the applicable height

1 1
value in the tabulation at the right. Weld metal <13 (1/2] 21'51( #16)
shall be fused with and merge smoothly into >13 (/1) and <51 (2) <3 (%)
the component surfaces. >51 (2) <4 [5/32]

NOTES:

(1) Where two limiting values are given, the lesser measured value governs acceptance. T,, is the nominal wall thickness of the thinner of two
components joined by a butt weld.

(2) For ultrasonic examination, refer to para. K344.6.3 for acceptable value limits.

(3) For groove welds, height is the lesser of the measurements made from the surfaces of the adjacent components. For fillet welds, height is
measured from the theoretical throat; internal protrusion does not apply. Required thickness t,, shall not include reinforcement or internal
protrusion.
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Appendix 6
Acceptance criteria according to ASME B31.12-2023

Table IP-10.4.3-1 Acceptance Criteria for Weldments and Methods for Evaluating Weld Imperfections

Piping Design

Design Conditions Design Conditions
up to Class 150 in up to Class 150

a Ventilated Not in a Ventilated Design Conditions
Location Location Above Class 150
Type of Weld Type of Weld Type of Weld
L L L Examination Method
g 2 2 "
S 4 o 4 S 2 Weld Imperfection s
© S 9 S © 3 e i o ] 1‘.—';
§ 5 E 5 :":’- & The criteria value for the typfe g = H
= = = = = = of weld and design pressure is B E a
- £ = £ o £ identified by the letter symbol ] v =
c -] = © = = © s = 2
© 2 © 2 © 2 for the measure and acceptable _ @ 9 @ =
= % o] = b @ = on @ value limits of each g 5 8 [T
= ] = = =] = = 5 = @2 © = S c
[} a3 = [C] 3 i [C] 3 = NDE method. 5 ¥ 3 =
A A A A A A A Cracks v v v
B B B Lack of fusion and incomplete v v v
penetration
C C C C C C C C C Surface porosity; inclusions, v v v
slag or tungsten
D D N/A D D N/A D D N/A  Internal porosity v
F F N/A  F F N/A E E N/A  Internal inclusions, slag or v
tungsten; elongated
indications
H H H H H H G G G Depth of undercut v v
J J N/A ) J N/A | | N/A  Depth of surface concavity v v
K K K K K K K K K Weld surface finish 0.D. v v
and I.D.
L L L L L L L L L Weld reinforcement 0.D. v v

and I.D.

GENERAL NOTES:

(@) Girth and miter groove welds include other complete joint penetration weldments such as for branch connections and fabricated laps.

[

=

Fillet welds include socket and seal welds, and attachment welds for slip-on flanges, branch reinforcement, and supports.

() Weld imperfections are evaluated by one or more of the types of examination methods given, as specified in para. IP-10.4, or by the

engineering design.

(d) "N/A" indicates the Code does not establish acceptance criteria or does not require evaluation of this kind of imperfection for this type

of weld. See Table IP-10.4.3-3 for letter symbols.

(e) Check (v) indicates examination method generally used for evaluating this kind of weld imperfection.
(f) Ellipsis (...) indicates examination method not generally used for evaluating this kind of weld imperfection.
(g) Criteria given are for required examination method(s). More stringent criteria may be specified in the engineering design.

(h

=

dance with a standard listed in Table IP-8.1.1-1 or Table IX-1A.

Longitudinal groove welds (single or double) include straight seam only. Criteria are not intended to apply to welds made in accor-
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Table IP-10.4.3-3 Criterion Value Notes for Table IP-10.4.3-1

Criterion
Symbol Measure Acceptable Value Limits [Note (1)]
A Cracks None of weld deposit, HAZ and BM
B Lack of fusion and incomplete penetration None of weld deposit or weld deposit to BM
C Surface porosity; inclusions, slag or tungsten None of weld deposit
D Size and distribution of internal porosity See ASME BPV Code Section VIII, Division 1, Appendix 4
E Internal inclusions, slag or tungsten; elongated indications N
Individual length < Twl4 and < 4 mm (%, in)
Individual width < Tw/4 and < 2.5 mm (%3 in.)
Cumulative length < Ty in any 12 Ty weld length
F Internal inclusions, slag or tungsten; elongated indications _
Individual length < Tw/3 _
Individual width <2.5 mm (%, in.) and < Ty/3
Cumulative length < Ty in any Ty, weld length
G Depth of undercut None allowed
H Depth of undercut [Note (2)] <1 mm (%, in) and < Ty/4
| Depth of root surface concavity None below pipe component I.D.
J Depth of root surface concavity [Note (3)] Total joint thickness, including weld reinforcement, > T,
K Weld surface of Q.D. finish [Note (4)] Roughness average < 12.5 um R, (500 win. R,) per
ASME B46.1
L Weld reinforcement 0.D. and I.D. [Note (5)] See Table GR-3.4.6-1
NOTES:

(1) Where two limiting values are separated by "and," the lesser of the values determines acceptance. Ty, is the nominal wall thickness of
the thinner of two components joined by a butt weld.

(2) Depth of undercut shall be applied to the 0.D. and I.D. surfaces.

(3) Concavity on the root side of a single groove weld is permitted when the resulting thickness of the weld is at least equal to the thick-
ness of the thinner member of the two sections being joined and the contour of the concavity is smooth without sharp edges.

(4) Weld metal reinforcement, 0.D. and 1.D., shall merge smoothly into the weld surfaces.

(5) For all butt groove welds (single and double), height is the lesser of the measurements made from the surfaces of the adjacent compo-
nents. For single groove welds, I.D. reinforcement (internal protrusion) is included in a weld (see Fig. GR-3.4.4-1). Weld reinforcement,
0.D. or I.D., may be flush to the adjoining surfaces. For fillet welds and added reinforcement to nonbutt groove welds, height is mea-
sured from the theoretical throat (see Fig. GR-3.4.7-1). Internal protrusion does not apply.
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Appendix 7

Acceptance criteria according to ASME B31.12-2023 (API 1104 22°nd edition)

9.3 Radiographic Testing
NOTE  All densities referred to in 9.3.1 through 9.3.13 are based on negative images.

9.3.1 Inadequate Penetration Without High-low (IP)

IP is defined as the incomplete filling of the weld root. This condition is shown schematically in Figure 13. IP shall be
considered a defect should any of the following conditions exist:

a) the length of an individual indication of IP exceeds 1 in. (25 mm),
b) the aggregate length of indications of IP in any continuous 12 in. (300 mm) length of weld exceeds 1 in. (25 mm),

c) the aggregate length of indications of IP exceeds 8 % of the weld length in any weld less than 12 in. (300 mm) in
length.

NOTE  One or both root faces may be inadequately filled at the inside surface.

L Incomplete filling at root

Figure 13—Inadequate Penetration Without High-low
9.3.2 Inadequate Penetration Due to High-low (IPD)
IPD is defined as the condition that exists when one edge of the root is exposed (or unbonded) because adjacent pipe
or fitting joints are misaligned. This condition is shown schematically in Figure 14. IPD shall be considered a defect
should any of the following conditions exist:

a) the length of an individual indication of IPD exceeds 2 in. (50 mm),

b) the aggregate length of indications of IPD in any continuous 12 in. (300 mm) length of weld exceeds 3 in. (75 mm).

L Incomplete filling at root

on one side

Figure 14—Inadequate Penetration Due to High-low
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9.3.3 Inadequate Cross Penetration (ICP)

ICP is defined as a subsurface imperfection between the first inside pass and the first outside pass that is caused by
inadequately penetrating the vertical land faces. This condition is shown schematically in Figure 15. ICP shall be
considered a defect should any of the following conditions exist:

a) the length of an individual indication of ICP exceeds 2 in. (50 mm),

b) the aggregate length of indications of ICP in any continuous 12 in. (300 mm) length of weld exceeds 2 in. (50 mm).

Figure 15—Inadequate Cross Penetration

9.3.4 Incomplete Fusion (IF)

IF is defined as a surface imperfection between the weld metal and the base material that is open to the surface. This
condition is shown schematically in Figure 16. IF shall be considered a defect should any of the following conditions exist:

a) the length of an individual indication of IF exceeds 1 in. (25 mm),
b) the aggregate length of indications of IF in any continuous 12 in. (300 mm) length of weld exceeds 1 in. (25 mm),

c) the aggregate length of indications of IF exceeds 8 % of the weld length in any weld less than 12 in. (300 mm) in
length.

S
Bond is absent; \/

imperfection
is surface connected

Figure 16—Incomplete Fusion at Root of Bead or Top of Joint
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9.3.5 Incomplete Fusion Due to Cold Lap (IFD)

IFD is defined as an imperfection between two adjacent weld beads or between the weld metal and the base metal
that is not open to the surface. This condition is shown schematically in Figure 17. IFD shall be considered a defect
should any of the following conditions exist:

a) the length of an individual indication of IFD exceeds 2 in. (50 mm),

b) the aggregate length of indications of IFD in any continuous 12 in. (300 mm) length of weld exceeds 2 in. (50 mm),

c) the aggregate length of indications of IFD exceeds 8 % of the weld length.

|\ /I
/ \\\V//\

Cold lap between Cold lap between
adjacent beads weld bead and parent material

NOTE  The cold lap shown is not surface connected.
Figure 17—Incomplete Fusion Due to Cold Lap
9.3.6 Internal Concavity (IC)
IC is defined in 3.1.13 and is shown schematically in Figure 18. Any length of IC is acceptable, provided the density of

the radiographic image of the IC does not exceed that of the thinnest adjacent parent material. For areas that exceed
the density of the thinnest adjacent parent material, the criteria for BT (see 9.3.7) are applicable.

Root bead is fused to both surfaces,
but center of root pass is slightly below
the pipe’s inside surface

Figure 18—Internal Concavity

9.3.7 Burn-through (BT)
9.3.71 General

A BT is defined as a portion of the root bead where excessive penetration has caused the weld puddle to be blown
into the pipe.
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9.3.7.2 Large Diameter Pipe

For pipe with a specified OD greater than or equal to 2.375 in. (60.3 mm), a BT shall be considered a defect should
any of the following conditions exist:

a) the maximum dimension exceeds /4 in. (6 mm) and the density in any portion of the BT’s image exceeds that of
the thinnest adjacent parent material;

b) the maximum dimension exceeds the thinner of the specified wall thicknesses joined and the density in any
portion of the BT's image exceeds that of the thinnest adjacent parent material,

¢) the sum of the maximum dimensions of separate BTs whose image density for any portion of the BTs exceeds that
of the thinnest adjacent parent material and exceeds /2 in. (13 mm) in any continuous 12 in. (300 mm) length of
weld or the total weld length, whichever is less.

9.3.7.3 Small Diameter Pipe

For pipe with a specified OD less than 2.375 in. (60.3 mm), a BT shall be considered a defect when any of the
following conditions exists:

a) the maximum dimension exceeds /4 in. (6 mm) and the density in any portion of the BT’s image exceeds that of
the thinnest adjacent parent material;

b) the maximum dimension exceeds the thinner of the specified wall thicknesses joined and the density in any
portion of the BT’s image exceeds that of the thinnest adjacent parent material,

c) more than one BT of any size is present and the density in any portion of the BT's image exceeds that of the
thinnest adjacent parent material.

9.3.8 Slag Inclusions
9.3.81 General

A slag inclusion is defined as a nonmetallic solid entrapped in the weld metal or between the weld metal and the
parent material. Elongated slag inclusions (ESIs)}—for example, continuous or broken slag lines or wagon tracks—are
usually found at the fusion zone. Isolated slag inclusions (ISls) are irregularly shaped and may be located anywhere
in the weld. For evaluation purposes, when the size of a radiographic indication of slag is measured, the indication’s
maximum dimension shall be considered its length.

9.3.8.2 Large Diameter Pipe

For pipe with a specified OD greater than or equal to 2.375 in. (60.3 mm), slag inclusions shall be considered a defect
should any of the following conditions exist:

a) the length of an ESI indication exceeds 2 in. (50 mm),

NOTE Parallel ESI indications separated by approximately the width of the root bead (wagon tracks) shall be considered a
single indication unless the width of either of them exceeds /32 in. (0.8 mm). In that event, they shall be considered separate
indications.

b) the aggregate length of ESI indications in any continuous 12 in. (300 mm) length of weld exceeds 2 in. (50 mm),
c) the width of an ESI indication exceeds /16 in. (1.6 mm),

d) the aggregate length of ISI indications in any continuous 12 in. (300 mm) length of weld exceeds /2 in. (13 mm),
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e) the width of an ISl indication exceeds /8 in. (3 mm),

f) more than four ISI indications with the maximum width of /8 in. (3 mm) are present in any continuous 12 in.
(300 mm) length of weld,

g) the aggregate length of ESI and ISI indications exceeds 8 % of the weld length.

9.3.8.3 Small Diameter Pipe

For pipe with a specified OD less than 2.375 in. (60.3 mm), slag inclusions shall be considered a defect should any of
the following conditions exist:

a) the length of an ESl indication exceeds three times the thinner of the specified wall thicknesses joined,

NOTE Parallel ESI indications separated by approximately the width of the root bead (wagon tracks) shall be considered a
single indication unless the width of either of them exceeds 1/32 in. (0.8 mm). In that event, they shall be considered separate
indications.

b) the width of an ESI indication exceeds 1/16in. (1.6 mm),

c) the aggregate length of ISI indications exceeds two times the thinner of the specified wall thicknesses joined and
the width exceeds one-half the thinner of the specified wall thicknesses joined,

d) the aggregate length of ESI| and IS| indications exceeds 8 % of the weld length.
9.3.9 Porosity
9.3.9.1 General

Porosity is defined as gas trapped by solidifying weld metal before the gas has a chance to rise to the surface of the
molten puddle and escape. Porosity is generally spherical but may be elongated or irregular in shape, such as piping
(wormhole) porosity. When the size of the radiographic indication produced by a pore is measured, the maximum
dimension of the indication shall apply to the criteria given in 9.3.9.2 through 9.3.9.4.

9.3.9.2 Individual or Scattered Porosity
Individual or scattered porosity shall be considered a defect should any of the following conditions exist:

a) the size of an individual pore exceeds 1/8 in. (3 mm) in diameter or 25 % of the specified wall thickness, whichever
is less;

b) the size of an individual pore exceeds 25 % of the thinner of the specified wall thicknesses joined, but no more
than /8 in. (3 mm) in diameter;

c) the distribution of scattered porosity exceeds the concentration permitted by Figure 19 or Figure 20.
9.3.9.3 Cluster Porosity (CP)

CP that occurs in any pass except the finish pass shall comply with the criteria of 9.3.9.2. CP that occurs in the finish
pass shall be considered a defect should any of the following conditions exist:

a) the diameter of the cluster exceeds /2 in. (13 mm);

b) the aggregate length of CP in any continuous 12 in. (300 mm) length of weld exceeds 1/2in. (13 mm).
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Figure 19—Maximum Distribution of Gas Pockets: Wall Thickness (7) Less Than or Equal to 0.500 in. (12.7 mm)

9.3.9.4 Hollow Bead (HB) Porosity

Hollow bead porosity is defined as elongated linear porosity that occurs in the root pass. HB shall be considered a

defect should any of the following conditions exist:

a) the length of an individual indication of HB exceeds /2 in. (13 mm);

b) the aggregate length of indications of HB in any continuous 12 in. (300 mm) length of weld exceeds 2 in. (50 mm);
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Figure 20—Maximum Distribution of Gas Pockets: Wall Thickness (¢) Greater Than 0.500 in. (12.7 mm)

c) individual indications of HB, each greater than 1/4 in. (6 mm) in length, are separated by less than 2 in. (50 mm);

d) the aggregate length of all indications of HB exceeds 8 % of the weld length.

9.3.10 Cracks

Cracks shall be considered a defect should any of the following conditions exists:

a) the crack, of any size or location in the weld, is not a shallow crater crack or star crack;

b) the crack is a shallow crater crack or star crack with a length that exceeds /32 in. (4 mm).

NOTE  Shallow crater cracks or star cracks are located at the stopping point of weld beads and are the result of weld metal

contractions during solidification.
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9.3.11 Undercutting

Undercutting is defined as a groove melted into the parent material adjacent to the toe or root of the weld and left
unfilled by weld metal. Undercutting adjacent to the cover pass (EU) or undercutting adjacent to root pass (IU) shall
be considered a defect should any of the following conditions exists:

a) the aggregate length of indications of EU and IU, in any combination, in any continuous 12 in. (300 mm) length of
weld exceeds 2 in. (50 mm);

b) the aggregate length of indications of EU and IU, in any combination, exceeds one-sixth of the weld length.

NOTE  See 9.7 for acceptance standards for undercutting when visual and mechanical measurements are employed.

9.3.12 Accumulation of Imperfections

Excluding incomplete penetration due to high-low and undercutting, any accumulation of imperfections shall be
considered a defect should any of the following conditions exist:

a) the aggregate length of indications in any continuous 12 in. (300 mm) length of weld exceeds 2 in. (50 mm),
b) the aggregate length of indications exceeds 8 % of the weld length.

9.3.13 Base Material Imperfections

Imperfections in the base material detected by radiographic testing shall be reported to the company. The disposition
of these imperfections shall be as directed by the company.




